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Pécs an d  its  in s titu tio n s  o f  h igher ed u ca tio n  a re  ce leb ra tin g  th e  600 th  
a n n iv e rsa ry  of th e  fo u n d a tio n  o f th e  f irs t o f H u n g a ria n  u n iversities in  th is  to w n  
a n d  w ith  i t  th e  b i r th  o f h igher e d u c a tio n  in  th is  c o u n try .

O n S ep tem b er 1, 1367, P o p e  U rb án u s V signed  in  V iterbo  a c h a r te r  p e r 
m ittin g  Louis A ngev in , K ing o f H u n g a ry , to  fo u n d  a Studium  Generale in  th e  
to w n  o f Pécs. T h e  in s titu tio n  d id  n o t  ex ist for long  a n d  only  11 ch a rte rs , p re 
se rved  in th e  P a p a l A rchives, a n d  a collection  o f  serm ons delivered  a t  th e  
S tu d iu m  G enerale, in  th e  S ta te  L ib ra ry  in  M unich , give som e acco u n t o f  its  
a c tiv ity .

The f irs t U n iv e rs ity  was fo llow ed b y  th e  fo u n d a tio n  of a sim ilar one in  
B u d a  b y  K ing  S ig ism undus in  th e  y ear 1389, a n d  b y  a n o th e r in  P o zso n y  
(B ra tis lav a ) b y  K in g  M ath ias C orv inus, in  th e  y e a r  1467. T he 150 y ea rs  of 
T u rk ish  occu p a tio n  a f te r  1526 d id  n o t  fav o u r c u ltu ra l a c tiv ity  and  none o f th e se  
u n iversities su rv iv ed . T he firs t H u n g a ria n  U n iv e rs ity  w ith  a con tinuous h is to ry  
w as founded  in  1635 a t  N ag y szo m b a t (T rnava) a n d  w as tra n sfe rre d  to  P e s t 
in  1777.

A fter its  lib e ra tio n  from  th e  T urk ish  o c c u p a tio n , Pécs soon becam e th e  
hom e of som e in s ti tu tio n s  of h ig h e r educa tion , b u t  o n ly  in  1923 was th e  A c a d 
em y  of Law  a n d  P o litica l Sciences developed in to  a U n iv e rs ity  w ith  a M edical 
School and  o th e r  F acu ltie s . T h is issue of A cta  M edica has been c o n tr ib u te d  b y  
th e  s ta ff  o f th e  U n iv e rs ity  M edical School to  co m m em o ra te  th e  600 th  a n n iv e r
sa ry  o f th e  fo u n d in g  C harter.

Act i Medica Academiae Scientiarum Hungaricae 24, 1967
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DIFFERENTIAL DIAGNOSIS OF ACUTE 
GENERALIZED LYMPHADENOPATHY 

AND CHRONIC ABDOMINAL 
LYMPH-NODE DISEASE

By
I. B arta

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived  Ju ly  29, 1966)

In  th e  la s t  tw o y ears severa l p a tie n ts  h av e  been  observed  w ith  a c u te  febrile  
ly m p h a d e n o p a th y  w ith o u t ty p ic a l changes in  th e  b lood  co u n t an d  w ith  a  n eg ative  
P a u l—B unnell reac tio n . S im ilar cases have  been  d escribed  as a ty p ica l fo rm s o f in fectious 
m ononucleosis. L y m p h  node  b io p sy  in  th ese  cases rev ea led  a no rm al p a t te rn ,  while 
even  in in fec tious m ononucleosis changes can  a lw ay s be d e m o n s tra ted  in  th e  size, shape 
an d  s tru c tu re  o f p ro life ra tin g  re ticu lu m  cells. T h e  c o n d itio n  in  q u estio n  is p ro b ab ly  
caused  by som e v iru s, th o u g h  no v iru s could be iso la te d  fro m  th e  p a tie n ts . I t  ap p ears 
best to  ap p ly  th e  te rm  a cu te  ben ign  generalized  ly m p h a d e n o p a th y  to  d is tin g u ish  th e  
cond ition  from  th e  ly m p h a d e n o p a th ie s  acco m p an y in g  w ell-know n v ira l d iseases.

In  chron ic  ly m p h a d e n o p a th y  th e  a ffec tion  o f ab d o m in a l ly m p h  no d es p re sen ts  
a d iagnostic  d ifficu lty . In  3 cases i t  could be p ro v ed  b y  ly m p h a d e n o g ra p h y  th a t  th e  
com pla in ts w ere caused  b y  an iso la ted  tubercu lo s is  o f re tro p e rito n e a l ly m p h  nodes. In  
generalized  ly m p h  node d isease, in  th e  f irs t  p lace  in  ly m p h o g ran u lo m a to s is , changes 
can freq u en tly  be d e tec ted  in  th e  re tro p e rito n ea l ly m p h  nodes even  w hen  c lin ica lly  th e  
disease is localized to  ju s t  one ex te rn a l region. In  th e  f ir s t  s tage  of p u lm o n a ry  sarco ido
sis th e  re tro p e rito n e a l ly m p h  nodes are o ften  en la rg ed , th u s , in  such  co n d itio n s  th e  
c lassification  by  stages is u n re liab le .

T he d ifferen tia l d iagnosis o f diseases a sso c ia ted  w ith  ly m p h a d e n o p a th y  
m ay  be d ifficu lt n o t only  w hen  th e  ae tio logy  is n o t  c lear b u t  also w h en  h id d en  
ly m p h  nodes are affected . T his is b e s t il lu s tra te d  b y  tw o  cond itions, viz. acu te  
ben ign  generalized ly m p h a d e n o p a th y  an d  th e  iso la te d  affection  o f  re tro p e r i
to n ea l ly m p h  nodes.

F ebrile  diseases are  o ften  accom pan ied  w ith  ly m p h  node en la rg e m e n t. 
I t  is u sually  on th e  basis o f th e  d iffe ren tia l b lood  c o u n t, serological te s ts  an d  
ly m p h  node b iopsy  th a t  th e  n a tu re  of th e  en la rg e m e n t is c larified . I n  acu te  
leukaem ia  th e  d iffe ren tia l b lood  co u n t, in  in fec tio u s m ononucleosis th e  b lood 
co u n t a n d  serological te s ts , in  g ran u lo m ato u s diseases ly m p h  n o d e  b iopsy  
y ield  ch a rac te ris tic  evidence. T here  are, h ow ever, acu te  febrile co n d itio n s  
accom pan ied  b y  ly m p h  node en la rg em en t w hen  n e ith e r  th e  b lood c o u n t n o r  
th e  ly m p h  nodes ex h ib it c h a rac te ris tic  changes a n d  th e  serological te s ts  are 
n eg a tiv e . These cond itions are u su a lly  considered  a ty p ic a l form s o f in fectious 
m ononucleosis. R e w e r t s  [1],  am ong o thers, d esig n a tes  th em  as a b o rtiv e  
form s. I t  is in fac t d ifficu lt to  d iagnose non-classical in fectious m ononucleosis, 
b u t th is  m u st n o t m ean  th a t  a n y  p h ary n g ea l c a ta r rh  associa ted  w ith  ly m p h 
a d e n o p a th y  ex ten d in g  to  one reg ion  or m ore shou ld  be considered  in fec tious 
m ononucleosis as i t  w ould be p a rad o x ica l to  re g a rd  a disease w ith o u t ch a rac -
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4 I . BARTA

te r is t ic  sym ptom s to  be id e n tic a l w ith  one u su a lly  p resen tin g  w ith  ty p ic a l 
c h a n g e s . T he diagnosis of in fec tio u s m ononucleosis re s ts  on th e  d e m o n s tra tio n  
o f  th e  tr ia d , ch a rac te ris tic  c lin ica l sy m p to m s, ty p ic a l changes in  th e  b lood 
c o u n t, a n d  a positive sero log ica l reac tion . A ccord ing  to  H o a g l a n d  [2] all 
th re e ,  accord ing  to  G r u k k e  [3] a t  least tw o o f th e se  m u st be p re se n t. O n the  
o th e r  h a n d , in cases in  w h ich  n e ith e r  the  clin ical sy m p to m s n o r th e  la b o ra to ry  
f in d in g s  are ch a rac te ris tic  enough , th e  on ly  p o ssib ility  for d iag n o sin g  in 
fe c tio u s  m ononucleosis is to  c a rry  ou t ly m p h  n o d e  or splenic need le  b iopsy. 
As th e  p rim ary  ta rg e t  o f th e  path o g en ic  a g e n t is th e  ly m p h o re tic u la r  tissue 
fro m  w here  the  m o n o n u c lea r e lem ents of P fe iffer o rig inate , th e  path o lo g ica l 
cells a n d  th e ir  m o th e r cells a re  alw ays d e tec tab le  b y  m icroscopic ex am in a tio n , 
as i l lu s tr a te d  by  Fig. 1. T h e  ly m p h o id  re ticu lu m  cells are increased  in  n u m b er 
a n d  e x h ib it  changes in  size, sh ap e  and  s tru c tu re . H ow ever, no  need le  b iopsy  
h a s  b e e n  carried  o u t in  a n y  o f th e  so-called a b o rtiv e , subclin ical cases. This 
e x p la in s  w hy cond itions a sso c ia ted  w ith  fever, acu te  sy m p to m s a n d  lym ph- 
a d e n o p a th y  have so o ften  b een  described as in fec tio u s m ononucleosis a n d  th is  
is th e  reaso n  w hy th e  d isease is s till such a co n tro v ers ia l one.

L y m p h  node e n la rg e m e n t m ay  occur in  v a rio u s  v ira l diseases. In  G erm an 
m easles  th e  occipital ly m p h  nodes are en larged . V ira l p neum on ia  an d  ep idem ic 
h e p a t i t i s  m ay  also be acco m p an ied  b y  ly m p h  n ode  en la rg em en t, b u t  th is  
u s u a lly  rem ains in  th e  b a c k g ro u n d . A denov irus in fec tions resem ble in fluenza , 
th e  chan g es in  th e  re sp ira to ry  t r a c t  are in s ig n if ican t, w hereas in  th e  pharyngo- 
c o n ju n c tiv it is  syndrom e th e  local sym ptom s, p h a ry n g itis  an d  co n ju n c tiv itis , 
p re d o m in a te . G a s tro in te s tin a l sym ptom s m a y  also  occur. C oxsackie v iru s  in 
fe c tio n  u sua lly  p resen ts  as h e rp an g in a , b u t  i t  m a y  p roduce a lig h t febrile  con
d it io n  w ith  or w ith o u t ra s h ;  ly m p h a d e n o p a th y  scarcely  occurs e ith e r  in  th e  
e p id e m ic  or in th e  sp o rad ic  fo rm s. In  cases su sp ec t o f toxop lasm osis th e  d irect 
d e m o n s tra tio n  of th e  p a th o g e n ic  agen t an d  th e  S a b in —F eld m an  te s t  m ay  be 
h e lp fu l, and  an ex trem e  ly m p h o cy to sis  w ith  an  increase of ly m p h o id  cells is 
c h a ra c te r is tic . L y m p h  n o d e  b iop sy  reveals p h ag o cy tin g  re ticu lu m  cells and  
s t r a n d s  of ep ithelo id  cells. A m ong  b ac te ria l in fec tions, sep ticaem ia , ty p h o id  
fe v e r , brucellosis an d  tu la ra e m ia  m ay  be asso c ia ted  w ith  ly m p h  n ode  en large
m e n t ;  in  such cases b ac te rio lo g ica l and  serological te s ts  will decide th e  d iag
n o sis .

In  1965 eleven a n d  in  1966 six  p a tie n ts  have  been  a d m itte d  to  
o u r  D e p a r tm e n t w ith  an  a c u te  febrile cond ition  w hich  d iffered b o th  in  sy m p 
to m s  a n d  course from  th o se  know n  up  to  now . T h e  disease beg an  w ith  h y p e r
p y re x ia  and  a sore th r o a t ,  th e n  generalized  ly m p h a d e n o p a th y  ap p eared , 
e sp e c ia lly  in th e  cerv ica l, su p rac lav icu la r o r ax illa ry  regions. L y m p h  nodes 
e x c e e d in g  a bean  in  size w ere  seldom  p a lp a te d . T he spleen an d  liv e r  w ere n o t 
e n la rg e d . The p h a ry n x  w as s lig h tly  in flam ed  a n d  was un co a ted . T he fever sub 
s id e d  in  a few days, in  som e cases su b feb rility  p e rs is ted  for sev era l days. The
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w h ite  blood cell co u n t ranged fro m  6000 to  8000, in  th e  d ifferen tia l c o u n t th e  
ly m p h o cy tes  am o u n ted  to  less th a n  50 p e r cen t, th e  n u m b er of sm all ly m p h o 
cy tes was increased , m ononuclear cells a n d  p la sm a  cells as o ccu rrin g  in  in 
fec tious m ononucleosis were n o t fo u n d . As show n in  Fig. 2, ly m p h  n ode  b io p sy  
rev ea led  no specific  change e x c e p t fo r a s ligh t increase  in  th e  n u m b e r o f  re t ic 
u lum  cells. P a u l — B unnell’s te s t  w as re p e a te d ly  n eg a tiv e . In  response to  p en i
cillin an d  cortisone  tre a tm e n t th e  acu te  sy m p to m s subsided  ra p id ly  a n d  th e  
ly m p h  nodes becam e norm al in  one or tw o  w eeks. In  th e  l i te ra tu re  a t  ou r 
d isposal we h av e  found  no d esc rip tio n  o f s im ila r cases an d  th e  d isease cou ld  
n o t he included  in an y  of th e  g ro u p s invo lv in g  ly m p h ad en o p a th y .

T he cond itio n  was a p p a re n tly  caused  b y  a v iru s  w ith  a pecu lia r a f f in ity  
to  th e  ly m p h a tic  system . O ur a t te m p ts  a t  iso la tin g  th e  v iru s h av e  fa iled . 
H ow ever, th e  clin ical sy m p to m s, th e  la b o ra to ry  find ings, th e  ab sen ce  of 
leucocy tosis an d  to x ic  changes in  th e  n e u tro p h ils , as well as th e  re la tiv e  
lym p h o cy to sis  a n d  th e  m o d e ra te  increase  o f re ticu lu m  cells in  th e  ly m p h  
nodes suggested  a v ira l disease.

E v e ry  generalized  ly m p h a d e n o p a th y  being  suspect to  be due to  h aem a- 
to log ica l disease, we have th o u g h t i t  im p o r ta n t  to  call a tte n tio n  to  th e  a c u te , 
ben ign  en la rg em en t of the  ly m p h  nodes e x te n d in g  to  several reg ions, to  d e 
scribe th e  sy m p to m s, course an d  t r e a tm e n t  o f th e  disease. I t  seem s b e s t  to  
d en o te  th is  cond itio n  by  th e  n a m e  o f acu te  ben ign  generalized ly m p h a d e n o 
p a th y , in  o rder to  d istingu ish  i t  fro m  o th e r  ly m p h  node changes.

T he d iagnosis o f th e  affec tion  o f  re tro p e r ito n e a l ly m p h  nodes is one o f  th e  
m o st d ifficu lt d iag n o stic  p rob lem s.T he absence o f p e rip h era l lym ph  node e n la rg e 
m e n t does n o t ru le  o u t an a ffec tion  o f  th e  a b d o m in a l ly m p h  nodes, w hich  m a y  
he iso la ted  or occur in  co n ju n c tio n  w ith  generalized  ly m p h a d e n o p a th y . 
T he abd o m in a l ly m p h  nodes are  h id d e n  fo r th e  clin ician , an d  th u s  th e ir  in 
v o lv em en t is ra re ly  realized. T h e  p a th o lo g ica l process m ay  a ffec t b o th  th e  
m esen te ria l an d  th e  re tro p e rito n ea l ly m p h  nodes, b u t  since it  is o n ly  th e  la t te r  
t h a t  a re  accessible for clinical a n d  rad io log ica l ex am in a tio n , we sh a ll dea l 
w ith  th e ir  d iseases only. As i t  is k n o w n , th e  essence of ly m p h a d e n o g ra p h y  is 
th a t  d ia tr iz o a te  is in jec ted  in to  an  exposed  ly m p h a tic  of th e  b ack  o f th e  foo t 
an d  in  th e  rad io g rap h  m ade 24 h o u rs  la te r  a ccu m u la tio n  of c o n tra s t m ed iu m  
in  th e  re ticu lu m  cells of ly m p h a tic  tissu e  is observed . The no rm al ly m p h  nodes 
are ro u n d  or oval in  shape, less th a n  2 cm  in d iam e te r , have sh a rp  o u tlin e s  an d  
p re se n t an  even ly  d is tr ib u ted  m o sa ic  s tru c tu re . In  patho log ica l co n d itio n s  
th e  ly m p h  node is m ore or less en la rg ed , its  ou tlin es  an d  s tru c tu re  are  ir re g u la r , 
an d  filling  defects can  be seen in  i t .

Iso la ted  affection  of re tro p e rito n e a l ly m p h  nodes is e x tre m e ly  ra re ; 
th e y  are  u sua lly  affected  in c o n ju n c tio n  w ith  som e o th e r d iseases. W ith o u t 
ly m p h a d e n o g ra p h y  an  in vo lvem en t o f ab d o m in a l ly m p h  nodes m ay  be m ere ly  
su rm ised ; th is  is th e  case in ly m p h o g ran u lo m a to s is , sarcoidosis, ly m p h  n ode
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tu b e rcu lo s is , ly m p h ad en o sis , m e ta s ta tic  can ce r, lym plio - and  re ticu lo sarco m a- 
to sis .

W hen  th e  a b d o m in a l lym ph  nodes a re  a ffec ted , th e  com pla in ts  an d  
c lin ica l sym ptom s a re  v ag u e . The p a t ie n t  u su a lly  com plains o f an o rex ia , 
m e teo rism , som etim es o f  d ia rrhoea , an d  fo r  a long  tim e  i t  is im possib le  to  
d e m o n s tra te  th e  cause  o f  th e  slight an d  v ag u e  ab d o m in a l com pla in ts . T here  is 
a n  a lm o st c o n s tan t su b fe b rility , and  once th is , th e n  a n o th e r region o f th e  ab-

F ig . 3. L y m p h ad en o g ram  o f  a  cervical ly m p h  no d e  fro m  a  p a tie n t  w ith  H o d g k in ’s disease

d o m en  is m ore m a rk e d ly  ten d e r. I f  we fail to  ex p la in  otherw ise th e  su b feb rility , 
th e  loss of w eigh t, th e  increased  e ry th ro c y te  sed im en ta tio n  ra te , th e  increase  
o f  a lp h a 2 and  g am m a g lobulins, th e  le u k o p e n ia  w ith  re la tiv e  ly m p h o cy to sis , 
w h ich  accom pany  n o t  o n ly  hypersp len ism  b u t  also abdom inal ly m p h ad en o - 
p a th y ,  abdom inal ly m p h  node disease sh o u ld  be suspected  an d  ly m p h ad e - 
n o g ra p h y  shou ld  be c a rr ie d  ou t. This e x a m in a tio n  has a m a jo r sign ificance 
in  estab lish in g  th e  d iag n o sis , and  in  d e te rm in in g  th e  e x te n t of th e  d isease.

L y m p h o g ran u lo m a to s is  seldom  s ta r ts  f ro m  th e  abdom inal ly m p h  nodes, 
a lth o u g h  th e y  are  m u c h  m ore  often in v o lv ed  in  th e  disease th a n  i t  w as believed  
ea rlie r. In  th e  ea rly  s ta g e  o f  H odgk in ’s d isease  w hen  clinically  i t  is re s tr ic te d  
to  e x te rn a l regions, th e  abdom inal ly m p h  n o d es are  often  enlarged . T his has

Acta Medica Academiae Scientiarum Hungaricae 24, 1967



D IF F E R E N T IA L  DIAGNOSIS O F ACUTE G E N E R A L IZ E D  LYM PHADENOPATHY 7

been  p ro v ed  in vivo b y  ly m p h o g rap h y . W e could  d em o n stra te , in  ag reem en t 
w ith  W e i s l e d e r  [4], R ü t t i m a n n  e t al. [5] a n d  o th e r au th o rs , th e  a ffec tion  
o f ab d o m in a l ly m p h  nodes in  b o th  th e  ce rv ica l an d  th e  m ed ia s tin a l fo rm s of 
th e  d isease. Fig. 3 p resen ts  a ly m p h a d e n o g ra m  show ing th e  e n la rg e m e n t of 
re tro p e rito n e a l ly m p h  nodes in  a p a tie n t su ffe rin g  from  cervical ly m p h o g ra n u 
lom atosis .

In  ly m p h o g ran u lo m ato sis , d is tr ib u tio n  o f  th e  co n tra s t m ed iu m  is n o t 
even  a n d  th e  p a tte rn  is n o t regu la r. W h en  th e re  is m uch  g ra n u la tio n  tissu e , 
th e  p a t te r n  resem bles a m o th -ea ten  a p p e a ra n c e  as a re su lt of f illin g  defects. 
W hen  th e  m arg in a l areas are  also inv o lv ed , th e re  are m ura l defec ts . I n  m ore 
ad v a n c e d  stages w hen th e re  is severe d e s tru c tio n  of th e  ly m p h o re tic u la r  tissue , 
th e  ly m p h  nodes co n ta in  h a rd ly  an y  c o n tra s t  m ed ium , and  th e re  a re  e m p ty  
s tru c tu re s  p re sen tin g  only  ou tlines.

A tte m p ts  a t  using  198A u h av e  fa iled , because  th e  sc in tig ram  is vague 
as ow ing to  th e  th ickness o f th e  ab d o m in a l w all h a rd ly  an y  a c t iv i ty  can  be 
m easu red  over th e  re tro p e rito n e a l ly m p h  n odes. T h u s, th e  iso tope te c h n iq u e  is 
in fe rio r to , an d  c an n o t rep lace , X -ra y  ly m p h ad en o g rap h y .

A s ly m p h o g ran u lo m ato s is  seldom  o rig in a te s  in  abdom inal ly m p h  nodes, 
ly m p h a d e n o g ra p h y  is s ig n ifican t n o t so m u c h  fo r diagnosis as fo r su p p ly in g  
in fo rm a tio n  concern ing  th e  e x te n t  o f in v o lv e m e n t [6]. E v e r since th e  re tro 
p e r ito n e a l space has becom e accessible fo r ex am in a tio n , i t  has b eco m e clear 
t h a t  w hen  we are  unab le  to  ex p la in  a re lap se  th e  process is m o stly  p ro p a g a te d  
in  th e  ab d o m in a l ly m p h  nodes. L y m p h a d e n o g ra p h y  can d e m o n s tra te  th e  
g en era liza tio n  o f th e  process even  w hen th e  disease appears to  b e  re s tr ic te d  
to  one reg ion  clinically . T h u s, a c la ss ifica tio n  o f  th e  disease b y  s ta g e s  w ill be 
of no  he lp  in  p red ic tin g  th e  p a t ie n t’s fa te  a n d  even  less in p lan n in g  th e  t r e a t 
m e n t. E x tirp a tio n  o f ly m p h  nodes lo ca ted  in  ju s t  one region is ju s t if ie d  only  
w hen  ab d o m in a l ly m p h  node in v o lv em en t can  be ru led  ou t. O th e rw ise , if  
changes are  dem o n strab le  also in  th e  re tro p e r ito n e a l ly m p h  n o des, i t  is b est 
to  p resc rib e  c y to s ta tic  t r e a tm e n t  beside X - ra y  irrad ia tio n .

Sarco idosis leads to  v a rio u s clin ical sy m p to m s as a re su lt o f g ran u lo m as 
grow ing  in  d iffe ren t o rgans. T he disease u su a lly  begins in  th e  m e d ia s tin a l 
ly m p h  n o des, la te r  i t  ex ten d s  th ro u g h  th e  ly m p h a tic s  to  th e  lungs a n d  to  th e  
ly m p h  nodes in  h igher reg ions. T he d iagnosis is d ifficu lt even w hen  th e re  are 
ty p ic a l changes in  th e  lungs. W ith  m ed ia s tin o sco p y  we have no  p e rso n a l ex 
perience , b u t  D an ie ls’ scalenus b iopsy  y ie ld s  p o sitiv e  resu lts  in  n o t  m o re  th a n  
60 to  70 p e r c en t o f th e  cases, a t  b est. L iv e r  b io p sy  an d  excision o f  b ro n ch ia l 
m ucosa  are  n o t m ore in fo rm a tiv e , e ith e r.

T h e  d iagnostic  sign ificance of ly m p h a d e n o g ra p h y  in  sarco idosis  has 
scarce ly  been  discussed. In  ag reem en t w ith  G r e e n i n g  an d  W a l l a c e  [71, 
I w a i  a n d  O k e  [8], MÁNDI e t  al. [9], cou ld  d e m o n s tra te  en larged  re tro p e r i to 
nea l ly m p h  nodes in  stages I  an d  I I  o f p u lm o n a ry  sarcoidosis. Fig. 4 show s
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th e  ly m p h a d e n o g ra m  o f a p a tie n t  suffering  fro m  p u lm onary  sa rco idosis; 
th e  re tro p e r ito n e a l ly m p h  nodes are en la rged , th e ir  s tru c tu re  is re la tiv e ly  
in ta c t ,  th e  m arg in a l sinuses a re  unaffec ted , b u t  g ra n u la tio n  is coarse. I n  Fig. 5 
ty p ic a l  ep ith e lo id  g ran u lo m as are  visible in  th e  rem o v ed  ly m p h  no d e .

T h e  questio n  arises w h e th e r  in  such cases w e m ay  reg ard  th e  ly m p h - 
a d e n o g ra p h ic  changes of a b d o m in a l ly m p h  n o d es as ind ica tiv e  of sarco idosis. 
I n  o u r  op in ion  th e y  m u s t be accep ted  w h en ev er th e  clinical sy m p to m s, th e

Fig. 4. X -ra y  ly m p h ad en o g ram  in sarcoidosis

p u lm o n a ry  X -ray s an d  th e  re su lts  of la b o ra to ry  te s ts  are ty p ica l.. I t  is n o t  less 
d iff ic u lt to  diagnose sarco idosis h isto log ica lly , because th e  ep ith e lo id  cell 
g ra n u lo m a  resem bles a tu b e rc le . This ex p la in s w h y  patho log ists  u su a lly  fo r
m u la te  th e ir  opinion so care fu lly , saying th a t  in  th e  presence of th e  co rre sp o n d 
in g  c lin ica l sy m p to m s sarco idosis can n o t be ru le d  o u t. Therefore, if  p u lm o n a ry  
ch an g es  or o th e r find ings are  suggestive of sa rco idosis , w ith  a n eg a tiv e  tu b e r 
cu lin  te s t ,  a n o rm al E S R  an d  an  increased  se ru m  calcium  level, ly m p h o g ra p h y  
sh o u ld  be  carried  o u t, because  th e  en la rg em en t o f  re tro p e rito n ea l ly m p h  n odes 
w ill c o n firm  th e  diagnosis.

B eside  its  classical ce rv ica l form , ly m p h  n o d e  tubercu losis has a g en e r
a lized  fo rm . I t  u su a lly  beg ins everyw here a t  once or th e  local p rocess soon
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e x te n d s  to  th e  ly m p h  nodes in  o th e r  regions. I so la te d  abdom inal ly m p h  node 
affec tion  m ay  also occur, as illu s tra te d  b y  th e  fo llow ing  case.

F . F ., a m ale  aged  18, h ad  undergone r ig h t o rch iec to m y  fo r tu b e rcu lo sis  
o f  th e  ep id idym is 9 y e a rs  before adm ission . As he h a d  fe lt w eak an d  h a d  been  
e x h a u s te d  easily , he w as a d m itte d  to  a d e p a r tm e n t o f su rgery  w ith  th e  su s
p ic ion  o f g a s tric  u lce r, b u t  th e  d iagnosis cou ld  n o t  be confirm ed an d  th e  
p a tie n t  was tra n s fe r re d  to  us.

P hysica l e x a m in a tio n  show ed n o rm al co n d itio n s . Foci could n o t  be 
d em o n stra ted . E S R  w as 7 m m  in 1 hou r. S eru m  p ro te in s  were n o rm al. T he 
M an to u x  te s t w as p o s itiv e  a t  th e  1 : 100,000 d ilu tio n . T here w ere ep isodes 
o f  su b feb rility , w ith  th e  h ighest va lu e  o f 37.3° C. C hest X -ray s show ed a few  
sm all calcified sp o ts  in  th e  rig h t apex . G a s tro in te s tin a l X -ray s were n o rm al. 
C ho lecystog raphy  show ed  good filling . As th e se  re su lts  failed to  ex p la in  th e  
co m p la in ts , ab d o m in a l ly m p h  node tu b e rcu lo s is  w as suspec ted . T his w as co n 
firm ed  b y  ly m p h ad en o g rap h y . In  Fig. 6, sev e ra l en la rged  lym ph  nodes are  
v isib le  a t  th e  level o f  th e  f irs t an d  second lu m b a r  v e r te b ra e , an d  th e  ir re g u la r  
p a t te rn  of c o n tra s t m a te ria l co n ten t is in d ic a tiv e  o f a specific disease.
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T h is  seems to  h a v e  b een  th e  f irs t  successfu l ly m p h a d e n o g ra p h ic  de
m o n s tra t io n  of iso la ted  re tro p e rito n e a l ly m p h  node tu b ercu losis . S ince th e n , 
we h a v e  h a d  tw o m ore such  cases.

L y m p h ad en o g rap h ic  ex a m in a tio n  o f m é ta s ta sé s  has been  s tu d ie d  b y  a 
n u m b e r  o f au th o rs  [10, 11, 12]. M etastasis  beg ins in  th e  m arg in a l s in u s o f th e  
ly m p h  nodes. I ts  f ir s t  sign  is an  irreg u la r  fillin g  defect w ith o u t e n la rg em en t 
o f  th e  ly m p h  node. S u b se q u e n tly , such d efects  ap p ea r in  th e  c e n tre , to o , and

Fig. 7. D is ru p tio n  o f ly m p h  node  c h a in  b y  tu m o u r m eta s tas is

w h e n  in f iltra tio n  is m ore ex ten s iv e , single ly m p h  nodes fail to  fill a n d  th u s , as 
c o m p a re d  w ith  th e  c o n tra la te ra l  side, b re a k s  are  seen in  th e  ly m p h  n o d e  chain  
(F ig . 7). T here is no  n eed  to  em phasize th e  im p o rtan ce  of th e  d e m o n s tra tio n  
o f  m é ta s ta sé s  in  th e  in d ic a tio n  fo r su rgery .

T h e  p rim ary  tu m o u rs  o f ab d o m in a l ly m p h  nodes are ly m p h o - a n d  re tic- 
u lo sa rco m as. T hey  are  in fre q u e n t, d ifficu lt to  diagnose an d  n o t  accessible 
to  n eed le  b iopsy, an d  i t  is on ly  ly m p h a d e n o g ra p h y  w hich m a y  call a tte n tio n  
to  th e i r  presence. In  such  cases th e  ly m p h  nodes are en larged  a n d , as th e  t u 
m o u r  s ta r ts  in  th e  m ed u lla , f i r s t  c ircu m scrib ed  filling  defects a p p e a r . T h e n  th e  
s t r u c tu r e  becom es irre g u la r , w ith  filling  d efects  of vague ou tlines. T h e  ly m p h  
n o d e  is o ften  d islocated  an d  w hen  m ost of i t  h as  been d estro y ed  b y  th e  tu m o u r, 
f illin g  is re s tric ted  to  th e  p e rip h ery .
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In  d iffe ren tia l diagnosis o f  acu te  an d  ch ro n ic  ly m p h a d e n o p a th y , needle 
b iopsy  is th e  m e th o d  of choice. B y ,its  use we h av e  succeeded  in  d iffe re n tia tin g  
a w ell-defined cond ition  from  am ong  th e  a c u te  ly m p h ad en o p a th ie s . H id d en  
ly m p h  nodes c a n n o t, how ever, b e  biopsied. In  th is  case in fo rm a tio n  is y ie ld 
ed  b y  ly m p h ad en o g rap h y , a m eth o d  w hich  su its  exce llen tly  for th e  de
m o n stra tio n  o f g ran u lo m a to u s , tu b e rcu lo u s a n d  tu m o ro u s  changes o f ly m p h  
nodes.
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CARDIOVASCULAR CONTOUR PULSATION 
IN CONSTRICTIVE PERICARDITIS

By

G y . B o h e n s z k y  and Z s .  B o k o r

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R ece iv ed  Ju ly  19, 1966)

T he d iagnostic  va lue  o f e lec tro k y m o g rap h y  in  co n stric tiv e  p e r ic a rd itis  h a s  been 
s tu d ied . On th e  grounds o f p e rso n a l o b se rv a tio n s a n d  of ev idence in  th e  l i te r a tu re  the  
ad v an tag e s  o f th e  m eth o d  o v er a n y  o th er c u rre n tly  used  in d irec t p ro ced u re  a re  stressed .

The d ifficu lties posed b y  th e  diagnosis o f constric tiv e  p e r ic a rd itis  are 
all to o  well know n  [4, 7, 9, 10, 12]. The tr ia d  — sm all, q u ie t h e a r t ,  increased  
venous p ressure , and  ascites described  by  B e c k  [1] as being  c h a ra c te ris tic  
o f th e  cond ition , has no t p ro v ed , in  th e  lig h t o f la te r  o b se rv a tio n s , specific 
enough to  be o f conclusive d iag n o stic  va lue . V enous s tasis  m ay  o ccu r in  any  
form  of congestive h ea rt fa ilu re  an d  the  sam e applies to  ascites a n d  en la rg e 
m en t of th e  liver. On th e  o th e r  h a n d , th e  p a t te rn  of a “ sm all q u ie t  h e a r t”  in 
co n stru c tiv e  p e rica rd itis  m ay  be  b lu rred  b y  th e  presence of m o d e ra te  h ea rt 
d ila ta tio n . In  fac t, no rm al ca rd ia c  d im ensions w ere found  in 3 o u t o f  16 cases 
only  by  St e w a r t  e t al. [11] a n d  in  18 o u t o f 37 b y  H a r r is o n  an d  W h i t e  [5].

As regards X -ray  ev idence , th e  shell-like ca lc ification  a long  th e  card iac 
bo rders, th e  decrease in a m p litu d e  of v e n tr ic u la r  p u lsa tio n , an d  m ed ia s tin a l 
f ix a tio n  are  h igh ly  d iagnostic  indeed  [3], b u t  accord ing  to  v a rio u s  s ta tis tic s , 
ca lc ification  w hich is th e  m o st ob jec tive  o f th ese  signs is confined  to  25 to  44 
p er cen t o f th e  cases. The EC G  usually  show s low  vo ltage an d  o fte n  f la t  or 
in v e rted  T -w aves. H ow ever, th e  absence of X -ra y  an d  E C G -changes does no t 
y e t  exclude th e  presence o f c o n stric tiv e  p e rica rd itis .

T hough  X -ra y  k y m o g ra p h y  has c o n tr ib u te d  to  th e  fluoroscop ic  analysis 
of th e  changed  card iac m o tio n s, i t  has failed to  id en tify  th e  c h a ra c te r  o f these 
changes. T he kym ograph ic  p a t te rn  of reduced  v e n tr ic u la r  a m p litu d e s  a n d  of 
a m echan ical lim ita tio n  to  d iasto lic  filling , once believed  to  be ty p ic a l of 
constric tiv e  p e rica rd itis  has b een  su b seq u en tly  d e m o n s tra te d  in  sev ere  m yo
card ia l dam age an d  in b ra d y c a rd ia  as well.

The lim ited  d iagnostic  possib ilities o f X -ra y  k y m o g rap h y  h a v e  been 
s ig n ifican tly  w idened by  th e  e lec tro k y m o g rap h ic  ap p ro ach  to  c a rd ia c  co n to u r 
pu lsa tions. B y  th e  aid of th is  p rocedure , th e  records of th e  m o tio n s  can  be 
m agnified  a t  selected  po in ts  o f th e  card iac  s ilh o u e tte  and  tim ed  a g a in s t the 
ECG  or th e  m echanogram s.
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14 G Y . BOHENSZKY and ZS. B O K O R

B efore review ing o u r  re su lts , we h av e  to  g ive a b rie f  o u tlin e  o f th e  
m e th o d  used. The p ic k -u p  s l i t  is positioned a t  d efin ed  po in ts  of th e  card iac  
s i lh o u e tte  viewed in  th e  co n v e n tio n a l PA  p o s itio n  a n d  in  th e  ob lique p ro jec 
t io n s  (F ig . 1). The reco rd s a re  th e n  com pared  (F ig . 2).

T h e  norm al m o tio n s o f  th e  v en tricu la r b o rd e r  tr a n s m itte d  to  th e  electro- 
k y m o g ra m  are v o lu m etric  in  ch a rac te r, being d o w n w ard  in  th e  systo le  a n d  u p 
w a rd  in  th e  diastole. M c K u s i k  [8], H e c k m a n n  [7], H a u b r ic h  an d  T h u r n  [6] 
a n d  Z a r e t s k y  [13] re g a rd  th e  im ped im en t to  v e n tr ic u la r  filling  reflec ted

Fig. 1 . Positioning of the photoelectric tube

b y  th e  abnorm al p a t te rn  o f  th e  diastolic p h a se  as th e  m ost re liab le  electro- 
k y m o g ra p h ic  sign of c o n s tr ic tiv e  pericard itis. T h e re  m a y  be also o th e r changes, 
fo r  in s ta n c e  the  fall o f th e  e je c tio n  lim b m ay  be  successive an d  e x te n d  over th e  
e n t i r e  systo le , w ith  an  in d is t in c t ,  f la t or conic e n d  p o rtio n  in s tead  o f its  usual 
p e a k e d  appearance. T h e  a b r u p t  d ila ta tion  in  th e  ea rly  d iasto le  is re flec ted  
b y  a  sh a rp  rise w hich is fo llow ed  by  a p la te a u -lik e , n ea rly  h o riz o n ta l phase. 
A c c o rd in g  to  H a u b r i c h  a n d  T h u r n  [6] th e  cau se  of delay  in  th e  inw ard  
m o tio n  o f th e  card iac  c o n to u rs  lies in th e  m ech an ica l obstacle  due  to  th e  
p e r ic a rd ia l  adhesions w h ich , on  th e  o ther h a n d , e x e r t  a tu g  on th e  u n d erly in g  
su rfa c e , th u s  causing a sw ift o u tw a rd  excursion o f  th e  v e n tr ic u la r  w all. B eyond 
a c e r ta in  m axim al la te ra l  p o s itio n  the  v e n tr ic u la r  w all fails, how ever, to  ex 
te n d  a n y  fu rth e r ow ing to  th e  constrictive e ffec t o f th e  scar tissu e . T his is 
r e f le c te d  b y  the  p la te a u -lik e  appearance o f th e  d iasto lic  end  p h ase , te rm ed  
“ l a te r a l”  p la teau . I t  is in v a r ia b ly  the exp ression  o f  p ericard ia l co n stric tio n ,
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th e re fo re  th e  tim in g  o f its  s ta r t  w ith  th e  end  o f ra p id  filling  is n o t  possib le 
w ith  th e  usual accuracy .

O ccasionally , th e  large vessels m ay  also y ield  ab n o rm al p a t te rn s ,  th e  
m o s t ch a rac te ris tic  being  th e  ju n c tio n  o f th e  an ac ro tic  an d  k a ta c ro tic  lim bs, 
fu r th e rm o re  th e  “ d ip -a n d -p la te au ”  ap p earan ce . T his “ m edia l”  p la te a u  is a 
sign  of lim ited , i.e. de layed  e lastic  re tra c tio n  o f  th e  large vessels, m ore  spe
c ia lly  o f th e  p u lm o n a ry  a rte ry , a sc rib ed  b y  Z a r e t s k y  [13] and  H a u b r i c h  [6]

Left ventricle (2) before operation

Left ventricle (2) after operation

Fig. 2. F . A ., 38-year old m ale. E K Y  before a n d  a f te r  pericard iec to m y

to  th e  effect of p ericard ia l adhesions, on th e  assu m p tio n  th a t  im p e d im e n t 
to  d iasto lic  re tra c tio n  reveals i tse lf  b y  a m ore conspicuous ap p e a ra n ce  th a n  
does th e  lim ited  systo lic  expansion . A ccord ing  to  H e c k m a n n  [7] th e  p a t te rn  
is la rg e ly  due to  a defin ite  o u tw a rd  sh if t p ro d u ced  in  a m an n e r t h a t  d u rin g  
v e n tr ic u la r  d ila ta tio n  w hich coincides w ith  th e  d iasto lic  re tra c tio n  o f th e  large  
vessels, th e  v e n tr ic u la r  w all su d d en ly  presses ag a in s t th e  p erica rd ia l sac an d  
u n less m a jo r accre tions are p re se n t th e  w hole h e a r t  sh ifts.

In  th e  presence of ex tensive  p e rica rd ia l adhesions invo lv ing  th e  a tr ia l  
w all, im p ed im en t to  th e  a tr ia l excu rsions is re flec ted  by  consp icuously  low  
a m p litu d e s  o f th e  a tr ia l E K Y . I f  on  th e  o th e r h a n d  th e  co n stric tio n  is con-
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16 G Y . BOHENSZKY and ZS. B O K O R

f in e d  to  th e  v en tric les, im p e d im e n t to  a tr ia l d e p le tio n  reveals itse lf  b y  a p a tte rn  
o f  p resysto lic  dip a n d  d ia s to lic  p la teau  of th e  a tr ia l  E K Y .

I n  add ition  to  th e  s tu d y  of the  h e a r t  s ilh o u e tte , a tte n tio n  shou ld  be p a id  
to  th e  possible p resence  o f  systo lic  “ tu g g in g ”  o f  th e  le f t le a f  o f th e  d iap h rag m , 
c o n s tr ic tio n  of th e  p e r ic a rd ia l  sac being o fte n  asso c ia ted  w ith  its  acc re tio n  to  
th e  d iaphragm .

T he m ost conclusive  d iagnostic  ev id en ce  is, how ever, p ro v id ed  b y  th e  
v e n tr ic u la r  border E K Y , w ith  a delay  in  th e  d escen t o f th e  e jec tio n  lim b, a 
re la tiv e  steep  rise in  th e  f i r s t  phase of filling  fo llow ed b y  a p la te a u  as its  m ost 
p ro m in e n t fea tu res.

Pulmonary artery (5)
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Fig. 3. D . I . ,  39-year old m ale. E K Y  b efo re  pericard iec to m y

Reports o f cases

1. F . A., a 38 -y ear o ld  m ale , had  c o n stric tiv e  p e r ic a rd itis  w ith  congestive  fa ilu re . T h is 
w as d iagnosed on th e  g ro u n d s  o f th e  h isto ry , rev ea lin g  th e  occurrence of p e rica rd itis  ten  y ears 
e a rlie r , fu rth e r th e  p resen ce  o f venous engorgem en t, in c re a sed  venous p ressure  (225 m m  H „0 ), 
th e  ECG, PC K , an d  X - ra y  ev idence  includ ing  m e d ia s tin a l f ix a tio n  w ith  a  calcified  s tre a k  
a lo n g  its  border. T he p re o p e ra tiv e  E K Y  (Fig. 2) sh o w ed  a p ro tra c te d  e jection  lim b  a n d  a sh a rp  
d ia s to lic  rise w ith  a f la t - to p  p a tte rn .  Over th e  le ft d ia p h ra g m  a p a tte rn  co n g ru en t w ith  th a t  
o f  th e  large vessels a n d  co in c id in g  w ith  th e  sy s to lic  tu g  o f  th e  d iap h rag m  w as reco rded . T he 
d e flec tio n s of th is re co rd  w ere  opposed  to those  o f th e  v e n tr ic u la r  bo rder E K Y , b ecause  during  
sy s to le  when th e  d ia p h ra g m  m oves upw ard , th e  p ick -u p  slit p laced  to  i t  p e rp en d icu la rly , is 
o b s tru c te d , w hereas d u r in g  d ias to le  when th e  d ia p h ra g m  m oves dow nw ard , i t  re ap p ears . T h is 
s ig n  is ty p ica l of p e r ic a rd ia l  accretion.
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P erica rd iec to m y  w as p e rfo rm ed  a t  th e  Surg ical D e p a rtm en t. T h ough  th e re  w as a d e fi
n ite  im p ro v em en t in  th e  p a tie n t’s co n d itio n  a n d  congestive  h e a r t  fa ilu re  re s is ta n t to  ea rlie r 
t r e a tm e n t  now resp o n d ed  to  a p p ro p ria te  m easu res, a tr ia l f ib rilla tio n  ap p eared  w hich  co u ld  n o t 
be b ro u g h t un d er p e rm a n e n t co n tro l. T h e  p o sto p e ra tiv e  v e n tr ic u la r  E K Y  show ed in c reased  
a m p litu d e s . T he c o n tra s t  betw een  th e  sy s to lic  deflection  a n d  th e  steep  ascen t o f  th e  ra p id  
p h ase  o f diastolic  fillin g  was no longer d is tin c t. T he ho rizo n ta l ap p ea ran ce  o f th e  seg m en t 
re fle c tin g  th e  slow p h ase  of filling  was rep laced  by  an  u p w a rd  cu rve  as an  ev idence o f la te ra l  
excu rsio n s signifying t h a t  filling  c o n tin u e d  also du rin g  th is  phase. Systo lic  tu g g in g  o f  th e  
d ia p h ra g m  was m uch  less conspicuous th a n  before. T h o u g h  th e  irreg u lar h e a r t  b e a t  cau sed  
c e r ta in  v a ria tio n s in  th e  am p litu d es a n d  in  th e  d u ra tio n  of th e  slow  filling  phase , th e  in crease  
in  th e  excursions o f th e  card iac  s ilh o u e tte  w as u n m is tak eab le .

Pulmonary artery (5)
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Fig. 4. D. I .,  39-year o ld  m ale. E K Y  a fte r  p e ricard iectom y

2. D. I., a 39-year old m ale, h a d  c o n stric tiv e  p e ricard itis  w ith  congestive  h e a r t  fa ilu re . 
H is to ry  revealed  p leu ritis  an d  p e ricard itis . E n g o rg em en t o f th e  cerv ica l veins, in c re ased  
v en o u s pressure (280 m m  H 20 ) ,  th e  ECG  a n d  PCG trac in g s as well as X -ra y  ev idence o f p leu ra l 
ad h es io n s , in d is tin c t card iac  bo rders a n d  f ix a tio n  o f th e  ap ex  w ere suggestive  o f ad h esiv e  
p e r ic a rd itis . The E K Y  (F ig . 3) show ed h ig h ly  red u ced  a m p litu d es  th ro u g h o u t. T h e  e x te n t  o f 
re s tr ic tio n  over th e  a p ex  w as in d ica tiv e  o f a p ra c tica lly  to ta l  accretion . T he a tr ia l  a n d  p u lm o 
n a ry  e lectro k y m o g ram s w ere d is to rte d , u n ex p ress iv e , th e  la t te r  show ed a p a tte rn  re m in isc en t 
o f a d ias to lic  p la te au  b u t  th e  basic  de flec tio n s w ere unrecognizab le.

P e rica rd iec to m y  w as p e rfo rm ed  a t  th e  Surg ical D e p a rtm en t. On th e  p o s to p e ra tiv e  
E K Y  m ade w ith  th e  sam e am p lifica tio n  as p reo p era tiv e ly  (F ig . 4) con sid erab ly  in c reased  
a m p litu d e s  were seen in d ica tin g  th a t  th e  im p e d im e n t to th e  h e a r t  m o tions h ad  ceased . T he 
c o n to u rs  o f the  a tr ia  a n d  of th e  p u lm o n a ry  a r te ry  show ed n orm al pu lsa tions.

3. B. I., a 52-year old m ale, w as a d m itte d  w ith  c o n stric tiv e  p e ricard itis . T h is  w as 
d iag n o sed  on the  g ro u n d s of th e  h is to ry , physical find ings an d  ch ara c te ris tic  X -ra y  ev id en ce . 
T h e  p a tie n t  refused  to  be  o p e ra ted  on. O n th e  E K Y  of th e  p u lm o n a ry  a r te ry  (F ig. 5) th e  a sc en d 
ing  lim b  ended a f te r  a sh a rp  rise an d  a d ow nw ard  slope in  a p la te a u  ( la te ra l p la te a u ) . T he 
a tr ia l  E K Y  tra n s m itte d  th e  p u lsa tio n s p ro d u ced  b y  a tr ia l f ib rilla tio n . T he v e n tr ic u la r  E K Y  
d isp lay e d  the  ty p ica l systo lic  and  d iasto lic  p a t te rn  m ark ed  by a ty p ica l la te ra l p la te au .
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U p to  now , w e h a v e  applied  e le c tro k y m o g rap h y  in  11 cases to  c larify  
th e  diagnosis of c o n s tr ic tiv e  p ericard itis . I n  5 o f these , th e  clinical p ic tu re  
in c lu d in g  cardiologic a n d  X -ra y  ev idence w as c h a ra c te ris tic  o f c o n stric tiv e  
p e rica rd itis  w hereas in  6, diagnosis w as b a se d  la rg e ly  on th e  e lec tro k y m o - 
g rap h ic  find ing . T h e  spec ia l value o f th e  m e th o d  lies in  p ro v id in g  charac-

Pulmonary artery (5)

Left ventricle [2]

Fig. 5. B . I . ,  52 -y ear old m ale. C hronic  co n str ic tiv e  p e rica rd itis

te r is t ic  find ings ev en  w h en  constric tion  is con fined  to  c ircum scribed  areas 
w here  o th e r m e th o d s  a re  less in fo rm ativ e  a n d  also h e a r t c a th e te r iza tio n  fails 
to  y ie ld  reliable p ro o f  (e.g . d iastolic d ip).

O n th e  s tre n g th  o f  th e  p resen t o b se rv a tio n s  th e  E K Y  seem s su itab le  
fo r rep lac ing  th e  cu m b erso m e  d irec t p ro ced u re s  used  in  th e  d iagnostics o f 
c o n stric tiv e  p e ric a rd itis  a n d  i t  is a v a lu ab le  a id  in  th e  assessm ent of th e  re su lts  
o f pe rica rd iec to m y .
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UNTERSUCHUNG DES HINRKREISLAUFS 
BEI POLYCYTHAEMIA VERA

Von

T . B u r g e r , F . G a l l y a s , J .  S z á n t ó , В . K e s z t h e l y i  und J .  К о р а

I. MEDIZINISCHE KLINIK (DIR.: PROF. DR. E. BARTA)
UND NEUROLOGISCH-PSYCHIATRISCHE KLINIK (DIR.: PROF. DR. ST. KÖRNYEY)

DER MEDIZINISCHEN UNIVERSITÄT, PÉCS

(E in g eg an g en  am  19. J u l i  1966)

M it Hilfe einer Iso to p en d ilu tio n sm e th o d e  w u rd e  de r H irn k re is la u f b e i 10 P .v .- 
P a tie n te n  u n te rsu ch t. B lu tm en g e  u n d  H ä m a to k ritw e rt  erw iesen sich bei a lle n  K ra n k e n  
a ls e rh ö h t. Das H erzm in u ten v o lu m en  w ar bei 5 K ra n k en  größer als n o rm a l. D as M inu
tenvo lum en  des G ehirns (d ie H irn d u rch b lu tu n g ) w ar bei 5 P a tie n te n  v e r r in g e r t ,  der 
B lu tg e h a lt des G ehirns bei 5 K ra n k en  e rhöh t. D ie Z irk u la tio n sze it w ar be i sä m tlich e n  
K ra n k en  w esentlich v e r lä n g e rt , besonders in jen e n  F ä llen , in  denen  der H ä m a to k r itw e r t  
fa s t  70%  erreichte. D er 0 2-V erb rau ch  des G eh irns w ar bei allen K ra n k e n  n ied rig , be
w egte  sich aber noch in n e rh a lb  der no rm alen  G renzen .

B ei P o lycy thaem ia  v e ra  (P . v .) v e ru rsa c h t die Z unahm e d er B lu tm en g e  
u n d  V isk o sitä t häm o d y n am isch e  V erän d eru n g en . Infolge d er g e s te ig e rten  
B lu tm en g e  erw eitern  sich  die G efäße: n ach  den  k ap illa rm ik ro sk o p isch en  
U n te rsu ch u n g en  von B r o w n  u n d  G i f f i n  is t d er venöse A b sc h n itt des K a p il
la ren sy stem s um  90% , d e r a rte riö se  um  20%  w eite r als in n o rm alen  F ä lle n  [3]. 
D ie O berfläche der K a p illa re n  v e rg rö ß ert sich. M ith in  m uß  m an  an n e h m e n , 
d aß  die E rw eiterung  der K a p illa re n  so hochgrad ig  is t, daß  sie tro tz  Z u n ah m e  
des M inu tenvolum ens zu  e in e r V erlangsam ung  des K reislau fs fü h r t .  M ehrere 
A u to re n  sind sich d a rü b e r ein ig , d aß  die V erlan g sam u n g  des K re is la u fs  bei 
P . V . zu G erinnungsstö rungen  fü h ren  k an n  [5, 6] u n d  som it als eine G ru n d lag e  
der lebensgefährdenden  T h ro m b o seb ere itsch aft anzusehen  ist.

D en  H irnk re is lau f v o n  P . v .-K ran k en  u n te rsu c h te n  N e l s o n  u . F a z e k a s  
m it H ilfe  der K e ty —S ch m id tsch en  M ethode. Sie b eo b ach te ten  ein S in k en  der 
G e h irn d u rch b lu tu n g  u n d  eine bed eu ten d e  S te igerung  der G efäß resis ten z , die 
sie d e r e rh ö h ten  B lu tv isk o s itä t zuschrieben  [15]. G leichzeitig  s te llte n  sie auch  
eine Z un ah m e der a rte rio -v en ö sen  0 2-D ifferenz fest.

Krankengilt und Untersiichungsniethoden

V on 25 P. v .-K ran k en  w ä h lte n  w ir 10 zur U n te rsu ch u n g  des H irn k re is lau fs  aus. 5 
u n te r  ih n en  bekam en außer k le in e ren  A derlässen keine B eh an d lu n g , 5 w urden  1 — 2 mul m it 
32P  b e h an d e lt. Säm tliche K ran k e , 8 M änner u n d  2 F ra u e n , su ch ten  zum  Z e itp u n k t d e r  U n te r 
su ch u n g  die I. Medizinische K lin ik  w egen ih re r  Beschw erden auf. D as A lter der P a t ie n te n  w ar 
v e rh ä ltn ism ä ß ig  einheitlich, 9 K ra n k e  w aren  zwischen 55 —65; 1 w ar 40 J a h re  a lt .

B ei allen K ranken w urde — a u ß e r den häm ato log ischen  R o u tin e -U n te rsu ch u n g e n  — die 
g esam te  B lutm enge (m it H ilfe des m it 0,92 korrig ierten  H ä m a to k ritw e rte s  des V en en b lu ts)  
teils m itte ls  131J-A lbum in  aus dem  P lasm avo lum en , teils m itte ls  de r m it 5lCr o d e r 32P  bezeich-
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n e te n  E ry th ro z y te n  [6] b e s t im m t. Z ur U n te rsu ch u n g  des H irn k re is lau fs  w a n d ten  w ir die 
N Y i.iN sche, von  Gallyas u n d  Szá n tó  m odifizierte Iso to p e n d ilu tio n sm e th o d e  an . W ir b e s tim m 
te n  d a s  H erzm in u ten v o lu m en  sow ie das M in u ten v o lu m en 1, d e n  B lu tg eh a lt, die d u rc h sc h n itt
l ic h e  K re is lau fze it, die a r te r io -v e n ö se  0 3-Differenz u n d  d e n  S au e rs to ffv e rb rau ch  des G ehirns 
[9, 10, 16].

Resultate

B ei säm tlichen  K r a n k e n  erwies sich d ie  z irku lie rende  B lu tm en g e  als 
b e d e u te n d  erhöht. Im  A n w ach sen  fiel der g rö ß te  A n te il den E ry th ro z y te n  zu. 
D  as P lasm av o lu m en  w ich  n äm lich  n u r in g e rin g em  M aße vom  N orm alen  ab: 
b e i 4 P a tie n te n  stieg  es m ä ß ig  an , bei 6 w a r  es geringer, bei 1 zeig te es einen  
n o rm a le n  W ert (T abelle I) .

Tabelle I

Name
Hämatokrit .

0 //0
Plasmavolumen

ml/kg
Körpergewicht

Erythrocyt- 
Volumen ml/kg 
Körpergewicht

Blutvolumen
ml/kg

Körpergewicht
Körpergewicht

kS

F r .  A . J . 52 44,8 62,6 104,4 54

Sz. J . 60 42,6 63,7 106,3 65

B . J . 65 28,1 52,3 80,4 75

j .  p . 66 32,3 59,5 91,8 67

F r .  N . J . 66 37,4 72,4 109,9 54

H . I . 67 33,2 67,4 100,6 60

Cs. G. 70 47,1 86,5 123,6 63

M . s . 73 35,0 94,4 129,4 53

V. F . 75 31,3 93,7 125,0 60

W . J . 80 25,7 102,6 128,3 60

N o rm a le  W erte*

M an n 4 0 - 4 8 4 0 - 5 0 2 5 - 3 5 65—75 —

F r a u 3 6 - 4 2

* L. Heilm eyer u n d  I .  H e ilm ey er

D en  H ä m a to k r itw e r t  fan d en  wir be i sä m tlic h e n  K ra n k e n  gesteigert.
D as H e rz m in u te n v o lu m e n  ü b e rsch ritt be i 5 P a tie n te n  den N orm alw ert.
D ie d u rc h sc h n ittlic h e  Z irku la tionszeit des G ehirns w ar bei säm tlichen  

P a t ie n te n  v e rlän g e rt. B e i 2 K ran k en  e rre ich te  sie n ah ezu  das D opp elte  des 
n o rm a le n  H ö ch stw ertes  (T abelle  II).

D ie D ilu tio n sk u rv en  verschoben  sich im  V e rh ä ltn is  zu den n o rm alen  nach 
r e c h ts ,  in  R ich tu n g  d e r  g rö ß e ren  Z irk u la tio n sze it (A bb. 1). D iese V ersch iebung 
i s t  a u f  säm tlichen  P u n k te n  d er K urven  v o n  fa s t  gleichem  A usm aß  (A bb. 2).

1 D a in  der L ite ra tu r  d e r A usdruck  » H irn d u rch b lu tu n g «  (cerebral b lood flow ) fü r die 
B lu tm e n g e  g ebrauch t w ird , d ie  100 g H irnsubstanz  /  m in  d u rc h s trö m t, verw en d en  w ir fü r die 
d a s  G e sa m th irn  in 1 M in p a ss ie re n d e  B lutm enge den  A u sd ru c k  »M inutenvolum en des Gehirns«. 
D ie se s  ersch ließ t unsere M e th o d e  fü r  jeden  gegebenen F a ll,  oh n e  K en n tn is  des H irngew ich tes .
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Abb. 1. D ilu tio n sk u rv e  eines Fa lles von P . v. (O ) v e rg lich en  m it den  norm alen  ( # )  D ilu tio n s
k u rven . O ben n a ch  rech tsse itig e r, u n te n  n ach  lin k sse itig er Iso topeneingabe  gew onnene  K u r
ven. D ie volle L inie zeig t d ie A k tiv itä tsw erte  v o m  B lu t des B ulbus ju g u la r is  an  der 

Seite  de r In je k tio n , die u n te rb ro ch en e  L inie die W erte  a n  der k o n tra la te ra len  S eite

Tabelle II

Name Häma
tokrit

Minuten- 
volumen 

des Gehirns
(ml)

Hlutgehalt 
das Gehirns 

(ml)

Durch
schnittliche

zerebrale
Kreislaufzeit

(Sek)

Zerebrale 
arteriovenöse 

Oa-Diffe
renz (Vol.%)

Zerebraler 
0 2-Ver
brauch 
ml/Min

Herzminuten
volumen
ml/Min

F r . A. J . 52 900 162 10,6 _ _ 7 400
Sz. J . 60 620 145 13,9 8,7 54 9 700
B. J . 65 860 176 12,3 8,0 69 11 000
J .  P. 66 780 187 14,4 6,7 57 10 800
F r. N. J . 66 520 104 15,0 10,2 53 9 300
H. I. 67 800 160 12,0 8,5 68 9 900
Cs. G. 70 990 210 12,7 6,2 61 11 200
M. S. 73 540 171 19,0 10,7 58 12 300
V. F. 75 630 162 15,4 8,5 54 9 600
W. J . 80 530 174 21,8 10,4 55 11 700

N orm ale W erte*

von 667 87 5,0 6,0 53 I 6 000
bis 1238 167 10,0 8,0 74 10 000

* G. N y l i n  und  M itarb . (1961); von 34 n o rm alen  In d iv id u en  stam m ende E rg eb n isse
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W a s d ie  d u rch sch n ittlich e  Z irk u la tio n sze it des G ehirns b e tr iff t, so b lieb  sie 
n u r  b e i einem  H ä m a to k r itw e r t  von 50%  an  d e r obersten  G renze d er N orm . 
B ei h ö h e re n  H ä m a to k ritw e rte n  stieg sie a n , u n d  bei H ä m a to k ritw e rte n  von 
8 0 %  e rre ich te  sie e tw a  das D reifache der N o rm  (A bb. 3a).

B e i 5 K ranken  ü b e rs c h r i t t  das M in u ten v o lu m en  des G ehirns die u n te rs te  
G ren ze  des N orm alw ertes n ic h t, bei den ü b rig e n  w ar es no rm al (T abelle  II) . 
D ie V errin g eru n g  s ta n d  im  Z usam m enhang  allerd ings in  keinem  en g en  — 
m it  d e r  Z unahm e des H ä m a to k ritw e rte s ; es b e s ta n d e n  erhebliche in d iv id u e lle

A b b . 2 . Schem atische D a rs te llu n g  d e r  D ilu tio n sk u rv en , e rh a lte n  aus dem  rech tsse itig en  B u lbus 
ju g u la r i s  n a ch  Iso to peneingabe  in  d ie  rech te  A rt. c a ro tis  in t .  bei 10 P a tie n te n  m it P . v . (volle 

Linien) u n d  in  e in em  norm alen  F a ll  (u n te rb ro ch en e  L inie)

U n te rsc h ie d e  (Abb. 3b). D as  A usm aß  der V e rm in d e ru n g  des M in u tenvo lum ens 
des G eh irn s  s teh t in k e in em  lin ea ren  V erh ä ltn is  zu r Z unahm e der Z irk u la tio n s
ze it.

D e r  B lu tgeha lt des G eh irn s  w ar bei 5 K ra n k e n  e rh ö h t, bei den  ü b rig en  
n ä h e r te  e r sich der o b e rs ten  G renze des N o rm a lw ertc s  (Tabelle I I ) . Zw ischen 
d em  H irn b lu tg e h a lt u n d  d em  H ä m a to k ritw e rt w a r  kein Z u sam m en h an g  fe s t
z u s te lle n  (Abb. 3c).

D ie  arterio-venöse S auersto ffd ifferenz  des G ehirns w ar bei 7 v o n  9 
P a t i e n te n  erhöh t, der 0 2-V erb rauch  des G eh irn s  schw ankte  ab e r zw ischen 
d en  n o rm a le n  W ertg renzen : b e i 6 der 9 u n te rsu c h te n  Fälle  m it einem  sich  der 
u n te r e n  Grenze a n n ä h e rn d e n  W ert (Tabelle I I ) .  Zw ischen dem  0 2-V erb rau ch  
des G eh irn s  und  dem  H ä m a to k r itw e r t  k o n n te n  w ir keine P a ra lle litä t e rk en n en  
(A b b . 3d).
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Abh. 3. D u rc h sc h n ittlic h e  K re islaufzeit (o), M in u ten v o lu m en  (6), B lu tg eh a lt (c) u n d  S a u e r
sto ffv e rb ra u c h  (d ) des G ehirns im  V e rh ä ltn is  zum  H ä m ato k ritw e rt

B esprechung

N ach  u n se ren  U n te rsu ch u n g en  is t bei P . v .-K ra n k e n  die Z irk u la tio n sz e it 
im  G eh irn  v e rlän g e rt. Diese V erlan g sam u n g  d er D u rch b lu tu n g  m u ß  in  e rs te r  
L inie d er geste ig erten  B lu tv isk o s itä t zugesch rieben  w erden, d e ren  W irk u n g  
a u f  das M inu tenvo lum en  des G ehirns n ic h t e in d eu tig  ist. Infolge d e r V e rla n g 
sam u n g  des B lu tk re islau fes m ü ß te  sich die H irn d u rc h b lu tu n g  v e rr in g e rn , 
was je d o c h  versch iedene M echanism en zu kom pensie ren  tra c h te n . A ls so lcher 
is t die Z u n ah m e des G efäßkalibers zu e rw äh n en , die ind iv iduell v ersch ied en e  
A usm aße e rre ic h t. Bei einer s tä rk e re n  V isk o sitä tszu n ah m e (H ä m a to k r itw e r t  
um  70% ) k a n n  das en tsp rechende  N iv eau  des H irnkre islau fes n ic h t a u f re c h t
e rh a lte n  w erden , u n d  die H irn d u rc h b lu tu n g  s in k t u n te r  die n o rm ale  G renze. 
So w a r das M inu tenvo lum en  des G eh irns bei H ä m a to k ritw e rten  u n te r  70 %  
n u r  bei je n e n  P a tie n te n  v e rm in d e rt, bei d en en  d er B lu tg eh a lt des G eh irn s  w eit 
von  d e r oberen  G renze des N orm alw ertes w ar. Bei höheren  H ä m a to k r itw e r te n  
h ingegen  v e rm in d e rte  sich das G eh irn -M in u ten v o lu m en  auch d a n n  p a th o lo 
gisch, w enn  d er B lu tg eh a lt des G ehirns e rh ö h t w ar.

In  T abelle  I I I  führen  w ir die B eschw erden  der K ran k en  an , bei d enen  
der G eh irn k re is lau f u n te rsu c h t w urde . V o ran  s teh en  K opfschm erzen , O h re n 
sausen , Schw indel und  S ch lafstö rung . D er in  d e r L ite ra tu r  e rw ä h n te  G ru n d  
des M enièreschen  S yndrom s is t die Z irk u la tio n ss tö ru n g  des In n e n o h re s  
(B ielung , [1 ]) .  H il le r  [12] beschrieb  H a llu z in a tio n en  und  K o rsak o w sch es 
S y n d ro m  bei P . v .-K ra n k e n ; w ir jed o ch  k o n n te n  solche n ich t b e o b a c h te n . 
A uch d e r von  S t ie f l e r  [20] u n d  Zoxz [21] b e o b ach te ten  D em enz b eg eg n e ten  
w ir n ic h t. H ingegen  w aren eine le ich te  V erstim m u n g  und  v e rla n g sa m te s  
D en k en  k ennze ichnend . All diese E rsch e in u n g en  sind au f die S tö ru n g  des
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Tabelle III

Neurologische Störungen
Gesamtmaterial 
von 25 Fällen

In 10 Fällen, in denen 
der zerebrale Kreis
lauf geprüft wurde

K opfschm erz 20 6

Schw indelgefühl 21 8

A llgem eine Schw äche 6 4

N erv o sitä t 2 2

S ehstö rungen 4 1

A phasie 2 1

E rschöpfung 4 2

K onzen tra tio n ssch w äch e 8 4

O hrensausen 20 8

D epression 2 1

S chlafstö rung 20 9

L eich te  V estim m u n g  u n d  V erlangsam ung 

des D enkens 24 10

B eschw erdefrei 0 0

G eh irn k re is lau fes  zu rü ck zu fü h ren . W ie N e l s o n  u n d  F a z e k a s  [15], fan d en  
au ch  w ir, daß  d er 0 2-V erb rauch  des G eh irns t r o tz  geste igerter a rte rio -v en ö ser 
O xygend ifferenz  a u c h  bei jen en  K ra n k e n  n ic h t  u n te r  die no rm ale  G renze 
s in k t, bei denen  die H irn d u rc h b lu tu n g  e rn ie d r ig t is t. D em nach  k ö n n en  die 
B eschw erden  u n d  S y m p to m e  der P . v .-K ra n k e n  n ic h t durch  einen v e rr in g e rte n  
O x y g en v e rb rau ch  des gesam ten  G ehirns e rk lä r t  w erden . M an d a r f  je d o c h  
n ic h t au ß e r a c h t la ssen , d aß  die B lu tv e rso rg u n g  d er einzelnen G eb ie te  des 
G eh irns bzw . d e ren  R eg u la tio n  versch ieden  is t  (S o k o l o f f  1961 [18], M o l n á r  
1962 [14]). D a m a n  m it  un sere r M ethode n u r  die K reislau fw erte  des gesam ten  
G eh irns b es tim m en  k a n n , is t  es n ic h t ausgesch lossen , daß  die B lu tv e rso rg u n g  
bzw . d er O x y g en v e rb rau ch  der einzelnen H irn reg io n en  der P . v .-K ra n k e n  u n 
g en ü g en d  is t, u n d  d ies zu  S ym ptom en  fü h re n  k a n n .

Z u r E rk lä ru n g  der neu ro lo g isch -p sy ch ia trisch en  B eschw erden  u n d  
S y m p to m e der P . v .-K ra n k e n  k an n  au ch  die S tö ru n g  des A b tra n sp o rts  von  
S to ffw ech se lp ro d u k ten  b e itrag en , die d u rc h  die V erlangsam ung  des K re is 
laufes u n d  der V erm in d e ru n g  der d u rc h s trö m e n d e n  B lu tm enge b e d in g t is t.
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UNTERSUCHUNG DER ZIRKULATION 
DER ROTEN BLUTKÖRPERCHEN UND DES PLASMAS 

IN DEN MENSCHLICHEN GEHIRNGEFÄSSEN
Von

F . G a l l y a s , J .  К о р а , F . T. M é r e i  u n d  J .  S z á n t ó

NEUROLOGISCH-PSYCHIATRISCHE KLINIK DER MEDIZINISCHEN UNIVERSITÄT, PÉCS, 

(E ingegangen  am  19. J u l i  1966)

M it e iner M o d ifik atio n  der M ethode von N y l i n  u . M itarb . w urde die Z irk u la tio n s
geschw indigkeit de r ro te n  B lu tk ö rp e rch en  u n d  des P la sm as  in  den m ensch lich en  G eh irn 
gefäßen  u n te rsu ch t.

Die Z irk u la tio n sg esch w in d ig k e it de r E ry th ro z y te n  erwies sich u m  8 %  h ö h e r als 
d ie des P lasm as. A u f G ru n d  de r M ark ierung  des P la sm as  des In d ik a to rb lu te s  e rrech n e t 
sich ein um  8 ,4%  h ö h e r liegender W ert fü r  den  B lu tg e h a lt  des G ehirns a ls a u f  G rund  
der M ark ierung  de r E ry th ro z y te n .

In  der Z irk u la tio n sg esch w in d ig k e it der k le in - u n d  g ro ß m oleku lären  B e stan d te ile  
des P lasm as w urde  k e in  U n te rsch ied  gefunden.

W h i t m o r e  (1960) h a t  ü b e r den  U n te rsch ied  d e r S trö m u n g sg esch w in d ig 
k e it zw ischen P lasm a  u n d  ro te n  B lu tk ö rp e rch en  im  G efäßsystem  au sfü h rlich  
b e ric h te t. In  der vo rlieg en d en  A rb e it beschäftigen  w ir uns m it zwei P ro b lem en . 
E rs te n s , wie groß d ieser U n te rsch ied  in  den G efäßen  des m ensch lichen  G ehirns 
is t, u n d  zw eitens, ob eine D ifferenz d er S trö m u n g sg esch w in d ig k e it zw ischen 
den  einzelnen, v e rsch ied en  großen  B es tan d te ilen  des P lasm as b e s te h t.

Methoden

D ie U n te rsu ch u n g en  w u rd en  m it de r von N y l i n  u . M ita rb . (1960) b e sch rieb en en  u n d  
von u n s  (G a l l y a s  u n d  S z á n t ó , 1965) m odifiz ierten  Iso to p en -D ilu tio n sm eth o d e  a u sg e fü h rt.

Z ur B estim m ung  der S trö m u n gsgeschw ind igkeit d e r  versch ieden  g roßen  B e stan d te ile  
des P lasm as w urde das B lu tp la sm a  von  6 P a tie n te n  m it zw ei Iso to p en  m ark ie rt. D iese w aren 
32P, e in g e b au t in N a 2H P 0 4, u n d  13IJ ,  e in g eb au t in  m ensch liches S erum -A lbum in . D er 32P- 
G eh alt des B lu tes w ar in  je d e m  F a ll 5 /«C/ml, der I3lJ -G e h a lt  10 /tC /m l.

Z ur B estim m ung  der S trö m u n g sd ifferen z  zw ischen d en  ro te n  B lu tk ö rp e rch e n  u n d  dem  
P lasm a  h ab en  w ir eine B lu tp ro b e  als In d ik a to r  b e n u tz t, in  w elcher die ro ten  B lu tk ö rp e rch e n  
m it 32P  (im  Na-H PO .,) u n d  d as P la sm a  m it 131J  S erum -A lbum in  m a rk ie r t  w aren . B ei 16 P a t i 
en ten  w urde  der G eh irn k re is lau f u n te rsu c h t. Bei 6 P a tie n te n  w a r es unm öglich , alle  4 D ilu tio n s
k u rv e n  zu bestim m en . Diese F ä lle  w urd en  a u f  G rund  de r A n g ab en  de r einzelnen D ilu tio n sk u r
ven den  ü b rig en , v o llu n te rsu c h te n  F ä llen  gegenübergeste llt. D ie  P a tie n te n  w aren so au sg ew äh lt, 
daß  sow ohl norm ale  als au ch  p a tho log ische  d u rch sch n ittlich e  K re islau fzeiten  v e r tre te n  w aren.

D ie 32P -A k tiv itä t  u n d  13,J -A k tiv i tä t  des B lu tes w u rd e  a n  denselben B lu tp ro b e n  gem es
sen. B ei de r M essung de r 32P -A k tiv i tä t  w urden  die vom  131J  s tam m en d en  ß- u n d  y-T eilchen , 
die w eniger als 0,81 M EV E n erg ie  h a b en , m it einem  In teg ra l-D isk rim in a to r  d iffe ren z ie rt. Zur 
B estim m u n g  der 13lJ - A k tiv i tä t  w u rd en  die /?-Teilchen des 32P  m it Hilfe e iner 10 m m  dicken 
P a ra ff in p la tte  a b so rb iert. U n te r  den  e rw äh n ten  M eßbed ingungen  sta m m te  bei d e r  M essung 
der 32P -A k tiv i tä t  n u r  0 ,1%  d e r gem essenen A k tiv itä t  vom  I3IJ ,  bei der M essung d e r  A k tiv itä t  
von 13IJ  0 ,5 %  vom  32P. D iese F e h le r  w u rd en  rechnerisch  b ese itig t.
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A u f G rund der g em essenen  32P- u n d  131J -A k tiv i tä te n  d e r einzelnen B lu tp ro b e n  w urden 
d a n n  d ie  K re is lau fp aram ete r: d e r  B lu tg e h a lt des G ehirns, d ie  K re islau fzeiten , d ie d u rc h sc h n itt
lich e  K re is lau fze it u n d  d as M in u ten v o lu m en  des G eh irn s1 e inzeln  bestim m t.

Ergebnisse

I n  Tabelle I  sind  d ie  R e su lta te  zu sam m en g e faß t, die w ir bei A nw en d u n g  
b e id e r  Iso to p en  zu r M a rk ie ru n g  des P lasm as e rh a lte n  h ab en . Z w ischen  den 
W e r te n  f in d e t m an  n u r  e in e  geringe A bw eichung , die a u f  G ru n d  d e r »t«-Probe 
als ex p erim en te lle r F e h le r  au fg e faß t w erden k a n n .

Tabelle I

P a ram eter des Gehirnkreislaufs u n d  ihre prozentualen Unterschiede nach M arkierung des Plasmas 
m it N a 2H 32P O i und  menschlichem  13ljT Serum -A lbum in

Fall

Minutenvolumen 
des Gehirns 

ml/min

Differenz in %
3 2 P ___ 131T

• 100

Durchschnitt
liche Kreislauf

zeit sec

Differenz in %
32 p ___131 T
------------- 100

Blutgehalt des 
Gehirns 

ml

Differenz in % 

— . 100
m j 3 2 p

131J
131J 3 2 p

laij
131J 32P

131J

l 1040 1073 ± 3 ,2 5,3 5,8 +  1,8 99 104 + 5 ,0

2 1023 1004 — 1,8 9,8 9,9 + 1 ,0 167 166 - 0 ,6

3 699 705 + 0 ,9 12,3 12,2 — 0,8 143 143 0,0

4 648 640 — 1,2 9,4 9,4 0,0 102 101 — 1,0

5 1293 1296 + 0 ,2 6,2 6,1 —1,6 133 131 - 1 ,5

6 820 829 +  1,1 7,5 7,5 0,0 103 104 +  1,0

M itte lw e r t  der 
p ro zen tu e llen  
D iffe ren z

+ 0 ,4 % + 0 , l c/
/ 0 + 0 ,5 %

S ta n d a rd -F e h le r  
d e s  M itte l
w e r te s

± 0 ,7 % ± 0 ,5 % ± 0 ,9 %

»t« 0,546 0,135 0,504

D e r U ntersch ied  zw isch en  den D ilu tio n sk u rv en , die w ir n a c h  D o p p e lm ar
k ie ru n g  des In d ik a to rs  (P la sm a ) gew onnen h a b e n , lieg t in n e rh a lb  d e r  G renzen 
d e r  experim en te llen  F e h le r .

T abelle  I I  e n th ä l t  d ie  A ngaben  von  F ä lle n , in  denen  die ro te n  B lu t
k ö rp e rc h e n  und  das P la s m a  im  e ingesp ritz ten  In d ik a to rb lu te  m it  versch iedenen  
I s o to p e n  m ark ie rt w u rd e n . Im  M in u ten v o lu m en  zeigte s ich  n a c h  beiden

1 D a  in  der L ite ra tu r  d e r  A u sd ru ck  » H irn d u rch b lu tu n g «  (cerebral b lo o d  flow ) fü r die 
B lu tm e n g e  gebrauch t w ird , d ie  100 g H irn su b s tan z /m in  d u rc h s trö m t, v e rw en d en  w ir fü r die 
d a s  G esam th irn  in 1 M in p a ss ie ren d e  B lutm enge den  A u sd ru ck  »M inutenvolum en des G e
h irn s« . D ieses e rschließt u n se re  M ethode  fü r jed en  geg eb en en  F a ll, ohne K e n n tn is  des H irn 
g e w ich te s .
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M ark ierungen  k e in  v e rw e rtb a re r  U n te rsch ied . D ie d u rch sch n ittlich e  K re is 
lau fze it des P la sm as w ar u m  8,0 +  0 ,8%  lä n g e r  als die der ro ten  B lu tk ö rp e r 
chen. D e r B lu tg e h a lt  des G ehirns, e rre c h n e t a u f  G ru n d  der M ark ie ru n g  des 
P lasm as, e rgab  u m  8,4 +; 1 ,5%  höhere W e rte  als bei M arkierung d e r  ro te n  
B lu tk ö rp e rch en . A u f G ru n d  der »t«-Probe b ew eg te  sich die geringe D iffe ren z

Tabelle II

Parameter des G ehirnkreislaufs und  ihre prozentualen U nterschiede nach M arkierung des P lasm as
und  der roten B lutkörperchen

Fall

Minutenvolumen 
des Gehirns 

ml/min

^  I  
s S/ ! n S 1 fl P2O 1.1, 

2 1 д

Durchschnitt
liche Kreislauf

zeit 
sec

D
iff

er
en

z 
in

 %
 

Pl
as

m
a-

rB
K

. 1
 nn

UÍcs

Blutgchalt des 
Gehirns 

ml

D
iff

er
en

z 
in

 %

Pl
as

m
a-

rB
K

 
,л

л 
__

__
__

__
_

. 
in

n

XCS
rBK Plasma Q je 

ft- rBK Plasma

l 540 565 + 4 ,6 19,0 20,4 +  7,4 171 192 +  12,3
2 780 770 — 1,3 14,4 15,5 7,6 187 199 +  6,4
3 901 940 + 4 ,4 7,1 8,1 +  14,1 106 127 + 1 9 ,8
4 575 598 + 4 ,0 15,8 16,6 +  5,1 151 165 +  8,5
5 522 518 - 0 ,8 15,0 16,0 +  6,7 131 138 +  5,3
6 789 794 + 0 ,6 9,8 10,4 +  6,1 129 138 +  7,0
7 1590 1533 - 3 ,6 5,8 6,3 +  8,6 154 161 +  4,5
8 747 726 - 2 ,8 10,6 11,5 +  8,5 132 139 +  5,3
9 840 850 + 1 ,2 7.9 8,6 +  8,9 111 122 +  9,9

10 846 827 - 2 ,3 10,7 11,5 +  7,5 151 159 +  5,3

M itte lw ert der 
p rozen tuellen  
D ifferenz

+ 0 ,4 % ; 8 ,0% -h8 ,4%

S ta n d ard  F eh ler 
des M itte lw ertes

»t«

1,0%

0,412

0 ,8%

10,49

±1,5%

5,74

im  M in u ten v o lu m en  n ach  versch iedenen  M ark ie ru n g en  des P lasm as u n d  d er 
ro ten  B lu tk ö rp e rc h e n  in n erh a lb  der G renzen  d e r experim en te llen  F e h le r . 
Die A bw eichung  in  den W erten  der d u rc h sc h n ittlic h e n  K reislau fzeit u n d  des 
to ta le n  B lu tg e h a lts  des G ehirns w ar d u rch  d ie  versch iedene Z irk u la tio n s 
geschw ind igkeit v o n  P la sm a  u n d  ro ten  B lu tk ö rp e rc h e n  bedingt.

D ie E rg eb n isse  von  10 vo llständ igen  u n d  6 pa rtie llen  K re is la u fu n te r 
suchungen  w u rd en  a u f  G ru n d  der aus den e in ze ln en  D ilu tio n sk u rv en  e rrech - 

* n e ten  d u rc h sc h n ittlic h e n  K reislau fzeiten  v e rg lich en  (A bb. 1). D ie d u rc h 
sch n ittlich e  K re is lau fze it, gem essen nach  M ark ie ru n g  des P lasm as, la g  in 
säm tlich en  F ä llen  e tw a  8 %  höher als nach  M ark ie ru n g  der ro ten  B lu tk ö rp e r-
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Durchschnittliche Kreislauf zeit der [ rythrocyten (sec)

A bb. 1. U n te rsch ied e  de r fü r  d ie  einzelnen D ilu tio n sk u rv e n  errechneten  d u rc h sc h n itt lic h e n  
K re is la u fz e ite n  n ach  M ark ieru n g  des P lasm as u n d  d e r  E ry th ro z y te n  in  F u n k tio n  d e r  d u rc h 
s c h n itt l ic h e n  K re islau fzeit d e r  ro te n  B lu tk ö rp e rch en , in  10 vo llständ igen  ( • )  u n d  in  6 p a r 
t ie lle n  (O ) G eh irn k re is lau fu n te rsu ch u n g en . Die vo lle  L in ie  v e rb indet die fü r  e in en  8 % -ig en

U n te rsch ied  b e s tim m te n  P u n k te

A b b . 2 . D ilu tio n sk u rv en  eines Fa lles n ach  M a rk ie ru n g  d e r ro ten  B lu tk ö rp e rch e n  (O ) u n d
des P lasm as ( # )
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chen , d ies u n ab h än g ig  d avon , ob die K re is lau fze it n o rm al oder p a th o lo g isch  
v e r lä n g e rt w ar.

D ie D ilu tio n sk u rv e n  sind  n ach  beiden  M ark ierungen  sehr ä h n lic h , ob
w ohl die d u rch  M ark ie rung  der ro te n  B lu tk ö rp e rc h e n  gew onnenen e tw a s  v e r
la g e rt s in d  (A bb. 2). D ie sog. E rsch e in u n g sze it is t  nach  beiden M ark ie ru n g en  
die gleiche. E in  geringer U n tersch ied  t r i t t  bei d e r  »m axim alen K o n z e n tra tio n s 
zeit« au f, d er im  M om ent der sog. »V erscliw indungszeit« noch g rö ß e r gew or
den is t.

Besprechung

U n te rsu c h u n g e n  am  T ier (D ow  u. M ita rb . 1946; G room  u . M ita rb . 1957 
u n d  1958) u n d  am  M enschen ( F r e i s  u . M ita rb . 1949) haben  gezeig t, d a ß  das 
P la sm a  im  G efäßsystem  langsam er s trö m t als die ro ten  B lu tk ö rp e rc h e n . 
A u f G ru n d  seiner M odellversuche h a t  F ä h r a e u s  (1961) fe s tg es te llt, d a ß  die 
S trö m u n g sd iffe ren z  zw ischen P lasm a  u n d  ro te n  B lu tk ö rp e rch en  v o m  D u rc h 
m esser des L um ens a b h ä n g t. J e  d ü n n e r die K ap illa re  is t, um so g rö ß e r  w ird  
der U n te rsch ied  in  der S tröm ungsze it d e r ro te n  B lu tk ö rp e rch en  u n d  des 
P la sm as. T a y l o r  (1953) h a t die B eo b ach tu n g  g em ach t, daß die ro te n  B lu t
k ö rp e rch en  im  P lasm a  n ich t g leichm äßig  v e r te il t  sind . An der W a n d  des 
G efäßes is t  im m er eine P lasm asch ich t zu  f in d e n . Die ro ten  B lu tk ö rp e rc h e n  
b e fin d en  sich  in n e rh a lb  dieses P la sm am an te ls . D ie D icke der P la sm a sc h ic h t 
is t in  d en  G efäßen  versch iedenen  K alib ers  die gleiche. In  G efäßen  g rö ß eren  
K a lib e rs  k a n n  das V olum en des P la sm a m a n te ls  v ernach lässig t w e rd en , ab er 
in  den G efäßen  k le ineren  K alibers v e r t r i t t  es e inen  re la tiv  b e d e u te n d e n  A nte il 
des P lasm av o lu m en s. Zw ischen dem  M an te l u n d  den zen tra len  P a r t ie n  des 
s trö m e n d e n  B lu tes f in d e t ein  s tän d ig e r P la sm a a u s ta u sc h  s ta t t .  D aß  e in  P la sm a 
m an te l im  G efäße ta tsäch lich  ex is tie r t, w u rd e  d u rch  den  B efund  b e s tä t ig t ,  
d aß  d e r H ä m a to k r itw e r t  des K ap illa rb lu te s  im m er n iedriger lieg t als d e r des 
B lu tes , d a s  größeren  G efäßen en tn o m m en  w ird  (S c ott  B l a i r , 1957).

D ie versch iedene S tröm un g sg esch w in d ig k e it des P lasm as u n d  d e r ro ten  
B lu tk ö rp e rc h e n  w ird  von  W h i t m o r e  (1957) a u f  G ru n d  der oben e rw ä h n te n  
B eo b ach tu n g en  fo lgenderm aßen  e rk lä r t. D ie d u rch sch n ittlich e  S trö m u n g s
geschw ind igke it des P lasm as e rg ib t sich aus zw ei K o m ponen ten . D ie  eine ist 
die d u rc h sc h n ittlic h e  S tröm un g sg esch w in d ig k e it des P lasm as a u ß e rh a lb  des 
P la sm a m a n te ls , die m it d er S tröm ung sg esch w in d ig k e it der ro ten  B lu tk ö rp e r 
chen id e n tisc h  is t. D ie zw eite K o m p o n en te  is t  die d u rch sch n ittlich e  S trö 
m ungsgeschw ind igkeit des P lasm as des P la sm a m a n te ls , die la n g sa m e r ist. 
So w ird  die d u rch sch n ittlich e  S trö m u n g sg esch w in d ig k e it des P lasm as n ied rig e r 
als die d e r  ro te n  B lu tk ö rp e rch en . Die S tröm ungsgeschw ind igke it des P lasm as 
v e rr in g e rt sich  m it der A bnahm e des D u rch m essers  d er Gefäße.

In  u n se ren  U n te rsu ch u n g en  erw ies sich  die d u rch sch n ittlich e  S trö m u n g s
geschw ind igke it des P lasm as um  8 %  n ied rig e r als die der ro ten  B lu tk ö rp e r-
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ch en . D e r  B lu tg eh a lt des G eh irns lag um  8 ,4 %  h ö h e r , w enn w ir ih n  a u f  G ru n d  
d e r R a d io a k t iv i tä t  des P la sm a s , als w enn w ir ih n  a u f  G rund  der R a d io a k tiv i tä t  
d e r E ry th ro z y te n  e rre c h n e te n . H ieraus g eh t h e rv o r , daß  dem  P la sm a  u m  
8 ,4 %  m e h r  Z irk u la tio n srau m  zu r V erfügung s te h t  als den ro te n  B lu tk ö rp e r 
chen . M it anderen  W o rten : d e r  In h a lt  des P la sm a m a n te ls  in den  G eh irn g efäß en  
b e t r ä g t  8 ,4 %  des to ta le n  B lu tg eh a lte s  des m en sch lich en  G ehirns.

E s  w urde  e rw ä h n t, d a ß  d er H ä m a to k r itw e r t  des strö m en d en  B lu te s  in 
d en  G e fä ß e n  versch iedenen  K a lib e rs  von d e r re la tiv e n  D icke des P la s m a 
m a n te ls  a b h ä n g t. D ie B e re c h n u n g  e rg ib t, d aß  d e r m ittle re  H ä m a to k r itw e r t  des 
G e h irn b lu te s  um  e tw a 8 ,4 %  n ied rig e r is t als d e r  H ä m a to k r itw e r t des B lu te s , 
das d ie  G efäße g rößeren  K a lib e rs  e n th a lte n . L a r s e n  u n d  L a s s e n  (1963) 
h a b e n  d iesen  U n te rsch ied  in  7 %  angegeben.

W a s  die S tröm ungsgeschw ind igke it d e r P la sm a b e s ta n d te ile  v e rsch ied e 
n e r  M oleku larg röße b e tr if f t ,  so w urde fü r  d ie  H P O ^  ""-Ionen die gleiche 
G esch w in d ig k e it fe s tg e s te llt w ie fü r das 10 ,000m al größere m ensch liche  
S eru m -A lb u m in . D ieser B e fu n d  scheint die A n n a h m e  zu re c h tfe rtig en , d aß  
die Z irk u la tio n sg esch w in d ig k e iten  aller K o m p o n e n te n  des P lasm as (o rg a 
n isch e  u n d  anorgan ische k le in e  u n d  große M oleküle) gleich sind.

E s  sei e rw äh n t, d aß  d as  M inu tenvo lum en  des G ehirns, e rre c h n e t a u t 
G ru n d  v o n  P la sm a m a rk ie ru n g  m it N a2H 32P 0 4 o d e r m enschlichem  m J-S e ru m - 
A lb u m in  innerh a lb  d er G ren zen  der ex p e rim en te llen  F eh le rm ög lichke it das 
g leiche w a r . Dies zeig t, d aß  d e r A u s tr itt  v o n  H P O j -Ionen  aus dem  B lu te  
w ä h re n d  eines einm aligen  P assie rens der G eh irn g efäß e  unw esen tlich  is t.

D ie  versch iedene Z irk u la tio n sg esch w in d ig k e it des P lasm as u n d  d e r ro te n  
B lu tk ö rp e rc h e n  h a t eine p ra k tisc h e  B ed eu tu n g  fü r  den V ergleich d e r R e su l
t a t e ,  d ie  m it v ersch ied en en  M ethoden der M essung  der G eh irn z irk u la tio n  
e rh a l te n  w erden . Bei d e r sog. D ilu tio n sm eth o d e  m a rk ie r t m an  n äm lich  e n t 
w ed e r d a s  P lasm a oder die ro te n  B lu tk ö rp e rch en . A us Obigem  is t e rs ich tlich , 
d aß  b e i M ark ierung  des P la sm a s  die W erte  d e r  d u rch sch n ittlich en  K re is la u f
ze it u n d  des B lu tg eh a lts  des G eh irns um  8%  h ö h e r  liegen, als w enn die E r y th r o 
z y te n  m a rk ie r t  sind.

D ie  W erte  des M in u ten v o lu m en s sind die g leichen , sei es, daß  das P la sm a  
o d er d ie  ro te n  B lu tk ö rp e rc h e n  m ark ie rt w erd en . D ies k an n  d ad u rch  e rk lä r t  
w e rd e n , d aß  die geringere S trö m u n g sg esch w in d ig k e it des P lasm as d a d u rc h  
k o m p e n s ie r t  w ird, d aß  se in e r S tröm ung  ein g rö ß e re r  Q uersch n itt zu r V erfü 
g u n g  s t e h t  als der S trö m u n g  d er E ry th ro z y te n .

Z u r  M arkierung  des P la sm as w erden b e i d en  versch iedenen  M eth o d en  
S u b s ta n z e n  von  v ersch ied en en  M oleku largew ich ten  g eb rau ch t. U nsere B efu n d e  
ze ig en , d a ß  als In d ik a to r  fü r  die K re is lau fu n te rsu ch u n g  jedes M olekül ge
e ig n e t i s t ,  das aus dem  G efäß sy stem  n ich t a u s t r i t t .  Die R e su lta te  s in d  u n 
a b h ä n g ig  davon , m it w e lch er rad io ak tiv en  S u b s ta n z  das P lasm a m a rk ie r t  
w u rd e .

Acta Medica Academiae Scientiarum Hungaricae 24, 1967



ZIRK U LA TIO N  D ER  ROTEN B L U T K Ö R P E R C H E N 35

A us der G es ta lt d e r D ilu tio n sk u rv en  k a n n  m an  in  gewissen F ä lle n  au f 
V erän d eru n g en  d e r K re is lau fd y n am ik  fo lgern . A us unseren U n te rsu c h u n g e n  
geh t h e rv o r, d aß  es an  d er G esta lt der D ilu tio n sk u rv e n  n ich ts ä n d e r t ,  ob die 
eine oder die an d ere  K o m p o n en te  des P la s m a s  m a rk ie r t w ird. D ie K u rv e n , 
die n a c h  M ark ierung  d er ro ten  B lu tk ö rp e rch en  e rz ie lt w urden, w eichen  n ich t 
w esen tlich  von  denen  des P lasm as ab.

1. D o w , P ., H a h n , P . F .,  H a m i l t o n , W. F .: T he s im u lta n e o u s  tra n sp o r t  of T -1824 a n d  ra d io 
a c tiv e  red  cells th ro u g h  th e  h e a r t  and lungs. A m er. J .  Physio l. 147, 493 (1946).

2. F â h r a e u s , R .: Z ellg eh a lt u n d  S trö m u n g sg esch w in d ig k e it in versch iedenen  A b sc h n itte n
des G efäßsystem s. D tsch . m ed. W schr. 86, 2266 (1961).

3. F r e i s , E . D ., S t a n t o n , J .  R ., E m e r s o n , C. P .: E s t im a tio n  of re la tiv e  ve loc ities o f  p lasm a
a n d  red  cells in th e  c ircu la tio n  of m an. A m er. J .  P h y s io l. 157, 153 (1949).

4. G a l l y a s , F ., S z á n t ó , J . :  B lood sam ple co llecto r fo r  in v es tig a tio n  of cereb ral c irc u la tio n .
M ed. E lec tr . B iol. E n g n g . 3, 421 (1965).

5. G r o o m , A. C ., M o r r i s , W . B ., R o w l a n d s , S. : T h e  d iffe ren ce  in c ircu la tion  tim e s  o f  p lasm a
a n d  corpuscles in th e  ca t. J .  Physiol. (L o n d .) 136 , 218 (1957).

6. G r o o m , A. C ., R o b e r t s , P . W ., R o w l a n d s , S.: S im u lta n eo u s  recording of th e  in s ta n ta n e o u s
c o u n tin g  ra te s  o f P -32  an d  J-131 in th e  b lood  s tre a m  o f an  anim al. P rogr. n u c l. E n e rg y  
(B io l.) 2 ,  616 (1958).

7 . L a r s e n , W. A., L a s s e n , N .  A.: T he cerebral h a e m a to c r it  in norm al m an. S can d . J .  clin.
lab . In v e s t. 15, Supp l. 76, 63 (1963).

8. N y l i n , G., S i l f v e r s k i ö l d , B. P ., L ö f s t e d t , S., R e g n s t r ö m , О., H e d l u n d ,  S .: S tu d ies
o n  cereb ra l b lood  flow  in m an  using  ra d io a c tiv e -lab e lle d  e ry th ro cy tes . B ra in  83 , 293 
(1960).

9. T a y l o r , M.: T he flow  o f b lood  in narrow  tu b es . I I .  T h e  ax ia l s tream  and its  fo rm a tio n , as
d e te rm in e d  b y  chan g es in op tica l density . A u s t. J .  exp . Biol. m ed. Sei. 33 , 1 (1955). 

10. W h it m o r e , R . L .: A th eo re tic a l t re a tm e n t o f th e  d iffe re n tia l flow  velocities o f p la sm a  and  
corpuscles in liv ing  bodies. In : Flow p ro p e rtie s  o f  b lood  an d  o th er b io logical sy s tem s. 
A. E  Co p l e y  an d  G. S t a n i s b y  (eds.), P e rg a m o n  P ress , L ondon 1960.

L IT E R A T U R

Dr. F e ren c  G a l l y a s  
D r. J á n o s  К ора  
D r. F . T ib o r Mé r e i 
D r. Jó z se f  S zán tó

A Pécsi O rv o s tu d o m á n y i E gyetem  
Ideg- és e lm ek lin ik á ja ,
Pécs, R ét-u . 2. U n g a rn

3* Acta Mcdica Аса dein tac Scientiarum Hungáriáié 24, 1967





Acta Medica Academiae Scientiarum Hungaricae Tomus 24 (1 — 2), pp. 37—44 (1967)

DIAGNOSTIZIERUNG VON TUMORMETASTASEN
ANHAND

VON BLUTGERINNUNGSUNTERSUCHUNGEN
Von

I b o ly a  N a g y

I. MEDIZINISCHE KLINIK (DIREKTOR: PROF. DR. I. BARTA) DER MEDIZINISCHEN UNIVERSITÄT,
PÉCS

(E ingegangen  am  19. J u l i  1966)

A n h a n d  der U n te rsu ch u n g  von tu m o ro sén  K ran k en , bei denen  s ic h  K n o c h e n 
m ark - u n d  L eb e rm e tas ta sen  in c h a ra k te ris tisch e n  B lu tg e rin n u n g sstö ru n g en  m a n ife s tie r
te n , w urde  festg es te llt, daß  die U rsach en  d e r schw eren  u n d  n u r in  g e rin g e m  M aße 
b e e in flu ß b a ren  häm orrhag ischen  D ia th ese  T h ro m b o zy to p en ie , F ib rin o ly ses te ig e ru n g  
u n d  F ib rin o g en v erm in d eru n g  w aren. B ei u n g e k lä r te r  T h ro m bozy topen ie  u n d  G erin 
n u n g ss tö ru n g  sind  d em nach  zwecks E rk e n n u n g  e in e r eventuellen  tu m o ro sé n  V e rän d e 
ru n g  k om plexe  B lu tg e rin n u n g su n te rsu ch u n g en  angezeig t.

M it der W irk u n g  m aligner K ran k h e itsp ro zesse  a u f den B lu tg e r in n u n g s 
m echan ism us h ab en  sich zahlreiche F o rsc h e r  b e faß t. In  den  bezü g lich en  
M itte ilungen  -wurde d a ra u f  h ingew iesen, d a ß  d as  erste  Zeichen a b d o m in a le r  
T um o ren  T h ro m b o p h leb itis  oder tiefe V en en th ro m b o se  sein k a n n  [1, 2] u n d  
d aß  sich zum  P ro s ta ta - , L ungen-, P a n k re a s- , M agen- bzw. C h o lezy sten k arz i- 
nom  oder zu r M etastasie ru n g  solcher N eu b ild u n g en  m anchm al h ä m o r rh a 
gische D ia th ese  gesellt [3, 4, 5, 6, 7, 8]. F a lls  d iese beiden  G erin n u n g ss tö ru n g en  
gem einsam  V orkom m en, e n ts te h t als F o lge d e r  p rim ären  T h ro m b o se b e re it
sch aft u n d  d er m an ifesten  T h ro m h u sb ild u n g  ein  schweres D e fib r in a tio n s-  
sy ndrom  m it au sg ed eh n ten  B lu tungen .

L endengegendschm erzen  oder S p o n ta n f ra k tu r  weisen u n te r  U m s tä n d e n  
a u f  K n o ch en m e ta s ta sen  h in . Die sichere D iagnose  der K n o c h e n m e ta s ta se  
k a n n  ab e r n u r  a n h a n d  ch a ra k te ris tisch e r R ö n tg en v e rän d e ru n g en  g este llt 
w erden . O bw ohl es w o h lb ek an n t is t, d aß  sich  zu  K n o c h en m ark tu m o ren  h äu fig  
T h ro m b o zy to p en ie  u n d  F ib rinogenopen ie  sow ie das E rscheinen  k e rn h a ltig e r  
E ry th ro z y te n  u n d  M yelozyten  im  p e rip h e ren  B lu tb ild  gesellen, w e rd e n  diese 
w ich tigen  d iagnostischen  Zeichen in  d er P ra x is  n ich t genügend b e a c h te t.

D as Ziel vo rliegender A rb e it w ar, die A u fm erk sam k e it au f d en  U m s ta n d  
zu len k en , d aß  die U n te rsu ch u n g  des B lu tg e rin n u n g ssy stem s in  m an ch en  
F ä llen  die D iagnostiz ie ru n g  der M e ta s ta seb ild u n g  (oder die des tu m o ro sé n  
G rundprozesses) e rle ich te rt.

D es w eite ren  wollen w ir die A ngaben  v o n  11 P a tien ten  b e k a n n tg e b e n . 
Zehn d ieser K ra n k e n  w urden  an  u n se re r K lin ik  und  ein P a t ie n t  in  e inem  
an d eren  I n s t i tu t  b e h an d e lt; le tz te ren  sah en  w ir im  K onsilium .
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D ie  A u fn ah m ed iag n o sen  w aren schw ere a k u te  häm orrhagische D ia th e se  
(8 F ä lle ) , T h ro m b o p h leb itis  d e r  u n te ren  E x t r e m i tä t  (2 Fälle), bei 1 K ra n k e n  
la g  k e in e  m an ifeste  B lu tg e rin n u n g ss tö ru n g  v o r.

Verteilung der G rundkrankheiten :

M agenkarz inom  4 F ä l le
K o lo n k arzin o m  1 F a ll
B ro n ch u sk arz in o m  2 F ä lle
U te ru sk arz in o m  2 F ä lle
L y m p h o sark o m  1 F a ll
R e tik u lo sa rk o m  1 F a ll

I n  10 der 11 F ä lle  k a m  es zur O b d u k tio n ; w ie a u f Tabelle I e rs ich tlich , 
w a re n  L y m p h k n o ten - u n d  W irb e lsä u le n m etas ta se n  in  säm tlich en  F ä llen  
n ach zu w e isen , in  e in igen  F ä lle n  wies der S e k tio n sb e fu n d  außerdem  a u f  L eb er-, 
E ie rs to c k - , N ieren-, M ilz-, H irn - und  N eb en n ie ren m eta s ta sen  hin.

D ie  A nam nese e rs tre c k te  sich au f 2 M o n a te  h is 1 Ja h r . D as I n i t ia l 
s y m p to m  w ar von  7 F ä lle n  eine  sich m it D a rm b lu tu n g , H äm atu rie , S u ffusion , 
P u r p u r a ,  M etro rrh ag ie , E p is ta x is , H äm op toe  m an ifestie ren d e  B lu tu n g sk ra n k 
h e it  (T ab . I).

V ie r P a tie n te n  w u rd e n  wegen h ä m o rrh a g isc h e r  D iathese v o ra n g e h e n d  
in  e in em  an d eren  I n s t i tu t  b e h a n d e lt, die P a th o g e n e se  der K ra n k h e it k o n n te  
je d o c h  n ic h t g ek lä rt w erd en . In  2 Fällen lag  in  d e r  In itia lperiode  ke in e  m a n i
fe s te  B lu tg e r in n u n g ss tö ru n g  vor, die e rs te n  B eschw erden  w aren u n sich e re  
B a u c h -  u n d  L endengegendschm erzen . Zw ei K ra n k e  w urden w egen rez id i
v ie re n d e r  T h ro m b o p h leb itis  aufgenom m en.

E in  Teil der K ra n k e n  konn te  w egen d e r  schw eren h äm o rrh ag isch en  
D ia th e se  n ic h t e in g eh en d  u n te rsu c h t w erden . D ie  bei den lange b e h a n d e lte n  
K ra n k e n  d u rc h g e fü h rte n  k lin ischen  u n d  L a b o ra to riu m su n te rsu ch u n g e n  e r
g a b e n  te ilw eise  n e g a tiv e  B efunde, so d a ß  a n h a n d  dieser R e su lta te  keine 
s ich e re  D iagnose g es te llt w erd en  konn te . D ie R ö n tg e n u n te rsu c h u n g  des R ü c k 
g ra ts  w u rd e  in  säm tlich en  F ä llen  v o rg en o m m en , a u f  pathologische V e rä n d e 
r u n g  w eisende Z eichen  w a re n  aber n u r in  e in e m  F a ll vo rzufinden ; d a  keine 
a n d e re  T u m o rsy m p to m e  festzuste llen  w aren , w u rd e  diese V erän d eru n g  n ic h t 
a ls  M etas tase  b e tra c h te t .

Untersuchung der B lutgerinnung

B ei den P a tie n te n  w u rd e n  folgende U n te rsu c h u n g e n  du rchgeführt:

P r o th ro m b in a k t iv i tä t  n a c h  Qu ic k  [9]
P ro th ro m b in k o n s u m p tio n  n a ch  Quick  [9]
P a r tie lle  T h ro m b o p la s tin z e it  nach  La n g d ell  u n d  M itarb . [10] 
T h ro m b in ze it [11]
F ib rin o g en  n a ch  R e in e k  u n d  Ch eu ng  [12]
L ab iles  F ib rin o g en  n a c h  L yons  [11]
E u g lo b u lin -L y sis  n a c h  K a u l la  und  Sch ultz  [13]
R e tra k tio n
T h ro m b e la s to g ra m m  n a c h  H a rtert  [14]
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Tabelle I

K rankenm ateria l

Name, Alter 
(Jahre) Primärtumor

Lokalisation der 
Metastasen Erstes Symptom

J .  H . 55 M agenkariznom L y m p h k n o ten , R ü ck 
g ra t

M elaena, T h ro m b o z y to 
penie, A b m ag eru n g

J .  K . 57 M agenkarzinom L y m p h k n o te n , R ü ck 
g ra t,  N ie re , L unge

M elaena, M ag enbeschw er
den, A b m ag eru n g

F ra u  J . Á. 37 M agenkarzinom L y m p h k n o ten , R ü c k 
g ra t, E ie rs to c k

Suffusion, F lä m a tu rie

F ra u  L. A. 34 M agenkarzinom L y m p h k n o te n , R ü ck 
g ra t, E ie rs to c k

M elaena, P u rp u ra ,  M etror
rhagie

F ra u  M. P. 62 L ungenkarzinom L y m p h k n o te n , R ü ck 
g ra t, G eh irn , L eber

H em iparese, S uffusion

I. M. 65 B ronchuskarzinom L y m p h k n o te n , R ü ck 
g ra t, L eb e r, Milz, 
N ebenn iere

Suffusion, H ä m o p to e , 
N asen b lu ten

F ra u  J .  T . 58 L ym phosarkom L y m p h k n o te n , R ü ck 
g ra t,  L e b e r , Milz

V erg rößerung  d e r  L ym ph
k n o ten , Suffusion , 
F ieber

F ra u  M. G. 51 U teru sk arz in o m R ü ck g ra t, L eb e r, Milz B auchbeschw erden

F ra u  J .  B. 44 R etiku losarkom L y m p h k n o ten , R ü ck 
g ra t, N ie re , R ü ck en 
m ark , E ie rs to ck

V. iliaca -T h ro m b o se , Is 
ch ias-S yndrom

F ra u  0 .  B. 37 K olonkarzinom L y m p h k n o te n , R ü ck 
g ra t

T h ro m b o p h leb itis , neuro
logische B eschw erden

F ra u  J .  P . 34 U teruskarz inom L y m p h k n o te n , R ü ck 
g ra t,  B ru s tfe ll

A näm ie, L en d en g eg en d 
schm erzen

Ergebnisse

A bw eichungen  w aren  in  m eh re ren , be i m anchen  K ra n k e n  sogar in 
säm tlich en  B lu tg e rin n u n g sp h asen  zu b e o b a c h te n . B esonders c h a ra k te ris tisc h  
w ar das V e rh a lte n  d er T h ro m b o zy ten zah l, d e r  R e tra k tio n , der P ro th ro m b in -  
k o n su m p tio n  u n d  des T h ro m b e la s to g ram m s; in  einem  Teil der F ä lle  w aren 
ab er auch  die W erte  d er P ro th ro m b in a k tiv i tä t ,  des F ib rinogensp iege ls  und  
d e r  E u g lo b u lin -F ib rin o ly se  patho log isch .

In  8 F ä llen  ließen  sich T h ro m b o z y te n w e rte  u n te r  150 000 reg is trie ren , 
ab e r auch  bei T h ro m b o zy ten w erten  von  150 000—200 000 w aren  F u n k tio n s 
s tö ru n g en  u n d  m orphologische A bw eichungen  zu beobach ten .
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A uffa llend  w ar au ch  d ie R e tra k tio n ss tö ru n g  des n a tiv en  B lu te s : Die 
G e rin n se lb ild u n g  w ar v e r la n g sa m t, häufig  b ild e te  sich  sozusagen kein  G e rin n 
sel, in  d en  m it geste igerte r F ib rin o ly se  e in h erg eh en d en  F ällen  kam  es au ß e rd e m  
n a c h  d e r  G erinnung zu r ra sc h e n  A uflösung des G erinnsels.

D ie  in  säm tlichen  F ä lle n  e indeutig  n achgew iesene  V erm in d eru n g  der 
P ro th ro m b in k o n su m p tio n  u n d  die gleichzeitig b e s te h e n d e  ve rlän g erte  p a r tie lle  
T h ro m b o p la s tin z e it w iesen  a u f  die, durch T h ro m b o zy ten zah l- u n d  P la s m a 
fa k to rv e rm in d e ru n g  v e ru rs a c h te  schwere S tö ru n g  d er V orphase h in .

D e r  F ib rinogensp iegel w a r  in  4 F ällen  w esen tlich  v e rm in d ert. W e rte  von  
50 — 150 m g%  kam en  v o rn e h m lic h  bei L e b e rm e ta s ta se  vor.

D ie  P ro th ro m b in a k tiv i tä t  w ar in 6 F ä lle n  u n te r  70% . D as V e rh a lte n  der 
E u g lo b u lin -F ib rin o ly se  w a r  n ic h t  e inheitlich : in  e in em  B ro n ch u sk a rz in o m fa ll 
m it  L eb e rm e tas tase  w a r d e r  F ib rino lysew ert e x tre m  gesteigert, in  3 F ä lle n  
e rg a b  d ie  U n te rsu ch u n g  m ä ß ig  gesteigerte, in  d en  ü b rig en  F ällen  n o rm a le  bzw . 
v e rm in d e r te  W erte. D ie ra sc h e , spon tane A u flö su n g  des G erinnsels u n d  die

T abelle  II

Hämatologische

Name Thrombozytenzahl
Prothrombin-

Aktivität
%

Prothrombinkon-
sumption

(sec)

Partiale
Thromboplastin

zeit
(sec)

Thrombin
(sec)

J .  H . 70 000 56 23 100 25

J .  K . 34 000 72 18 78 21

F r a u  J .  Á . 160 000 86 16 115 32

F r a u  A . L . 60 000 100 20 75 25

F r a u  M . P . 170 000 30 23 160 70

I .  M. 90 000 78 23 80 25

F ra u  J .  T . 50 000 53 31 110 24

F r a u  M . G. 120 000 62 23 105 39

F r a u  J .  B . 150 000 63 28 105 29

F r a u  O. B . 70 000 42 22 110 30

F r a u  J .  P . 60 000 ' 74 17 85 24

N o rm a lw e rte 2 0 0 - 4 0 0  000 7 0 -1 0 0 30 6 0 - 8 0 2 0 —25
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a u f  dem  T h ro m b e las to g ram m  sich tb a re  V e rän d e ru n g  wiesen ab er a u c h  in  
d iesen  F ällen  a u f  gesteigerte  F ib rin o ly se  h in .

D ie schw ere S tö ru n g  des G erinnungssystem es ko n n te  v o rn e h m lic h  
a n h a n d  des in  9 F ä llen  v e rfe rtig ten  T h ro m b e lasto g ram m s festg este llt w erd en . 
In  8 d ieser F ä lle  w ar der W ert pa tho lo g isch : C harak te ris tisch  w ar d ie  V e r
m in d eru n g  d er m ax im alen  E la s t iz i tä t  u n d  die ex trem e V erlän g e ru n g  d er 
k -Z e it; da die B re ite  der K u rv e  20 m m  n ic h t e rre ich te , w ar der le tz te rw ä h n te  
W e rt in  einigen F ä llen  n ich t m eß b a r (T ab . I I ,  A bb . 1, 2, 3).

E in ige u n se re r  P a tie n te n  k o n n te n  n u r  k u rz fris tig  b e o b a c h te t w e rd e n , 
d a  die schw ere h äm o rrh ag isch e  D ia th ese  b in n e n  1 —4 T agen zerebrale  B lu tu n 
gen v e ru rsa c h te . A uffallenderw eise  b ew irk ten  T ransfusionen , N e b e n n ie re n 
rin d en h o rm o n - u n d  V itam in b eh an d lu n g  sow ohl bei diesen als au ch  be i den  
ü b rig en  wegen h äm o rrh ag isch er D ia these  b e h an d e lten  K ran k en  n u r  eine 
v o rü b erg eh en d e  B esserung.

Angaben

Thrombelastogramm

Fibrinogen
(■»g0/»)

Fibrinogen
В

Euglobulin-
Lysis
(min)

Retraktion
r-Zeit k-Zeit

maximale
Elastitizität

240 + 195 verlangsamt 14 и 45

290 + + + 240 norm al 8 13 43

500 + + 300 keine Gerinnung 10 9 79

360 0 110 norm al -

50 0 0 keine Gerinnung 5 nicht meßbar 13

330 0 240 velangsanit 13 29 30

70 +  + 240 keine Gerinnung 11 20 37

200 + 110 n orm al 8 10 75

50 + 240 geste ig ert 7 6,5 144

150 + 100 norm al -

400 +  +  +  + 240 verlangsamt 6 nicht meßbar 18

2 0 0 -4 0 0 0 180 200 10 6 90 — 150
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A bb . 1. I. M. Dg.: L u n g en k a rz in o m . V erlängerung d e r  r-  u n d  k-Z eit V erm inderung  de r m ax i
m alen E la s t iz i tä t

A bb. 2. F ra u  J .  0 .  D g .: g en e ra lis ie rte r  Tum or. K u rv e n  I  u n d  I I I :  norm ales T h ro m b e las to g ram m . 
K u rv e  I I :  V e rlän g e ru n g  de r r- und k-Z eit V e rm in d e ru n g  der m axim alen  E la s t iz i tä t

A bb . 3. K u rv e  I: n o rm a le  r -Z e it;  k-Zeit n ich t m e ß b a r , K u rv e n  I I  u n d  I I I :  n o rm ales  Throm -
belasto  g ra m m

Besprechung

Bei tu m o ro sén  E rk ran k u n g en  bzw . im  F a lle  von  M etastaseb ild u n g  k ö n 
n e n  im  B lu tg erin n u n g sm ech an ism u s v e rsch ied en e  V erän d eru n g en  Z ustande
kom m en . F ü r  die E n ts te h u n g  der th ro m b o tis c h e n  R eak tio n sb e re itsc h a ft u n d  
d e r  dem  T u m o r h ä u f ig  vorangehenden  T h ro m b o p h le b itis  k an n  die th ro m b o 
p la s tin a rtig e  S u b s ta n z  des Tum ors bzw . b e i gew issen G eschw ülsten  (z. B . 
L ungengeschw ulst) d ie  E rhö h u n g  des F ib rin o g en sp ieg e ls  v e ra n tw o rtlic h  sein. 
G e rin n u n g ss tö ru n g en  häm orrhag ischen  T y p s  s in d  Folgen von  F ib rin o g én o 
pén ie , T h ro m b o zy to p en ie , F u n k tio n ss tö ru n g  d e r T h ro m b o zy ten  o d er d er 
geste igerten  P ro te o ly se . F alls die p ro te o ly tisc h e  W irkung  d o m in ie rt oder das 
T um orgew ebe das F ib rin o ly sesy stem  a k t iv ie r t ,  k a n n  schwere a k u te  fib rino -
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ly tisch e  B lu tu n g  e n ts te h e n . D as gem einsam e V ork o m m en  dieser be id en  E r 
scheinungen  fü h r t  zu r E n ts te h u n g  eines m it schw eren  B lu tu n g en  v e rlau fen d en  
D efib rin a tio n ssy n d ro m s.

D ie Rolle des T y p s  d er G eschw ulst bzw. d e r d u rc h  die N eu b ild u n g  p ro 
d u z ie rten  S u b stan zen  in  den  patho log ischen  V erän d e ru n g en  des G erin n u n g s
sy stem s ist u n b e k a n n t. N euestens gab B a g n o u d  [15] 3 F älle  b e k a n n t, in 
d enen  die G eschw ulst re ich lich  M ukopolysaccharide e n th ie lt. In  2 d ieser Fälle  
w ar außerdem , äh n lich  wie in  unseren  F ä llen , eine schw ere h äm orrhag ische  
D ia th ese  zu b e o b a c h te n . A n h an d  dieser D a te n  u n d  d er A ngaben  an d ere r 
V erfasser k ann  an g en o m m en  w erden , daß  die S u lp h o g ru p p en  e n th a lte n d e n  
g roßm oleku lären  S u b s ta n z e n  einerseits das F ib rin o g en  p räz ip itie ren , a n d e r
se its  du rch  A d so rb ie ru n g  d er T h ro m b o zy ten  die v iskose M etam orphose  d er
se lben  herbeifüh ren  u n d  die aus den T h ro m b o zy ten  fre iw erdenden  S u b stan zen  
d as  G erinnungssystem  ak tiv ie ren .

A nhand  der h isto log ischen  P rä p a ra te  k o n n te  fes tg este llt w erd en , daß 
es sich in  der M ehrzah l u n se re r  F älle  um  aus u n re ifen  Zellen b es teh en d e  N eu
b ild u n g en  und  in  m an ch en  F ä llen  um  sch le im produz ie rende  T u m o ren  h a n 
d e lte  (T ab. I I I ) .  D ies s tim m t m it den an g efü h rten  A n gaben  von  B a g n o u d [15] 
ü b e re in  und  u n te r s tü tz t  die Rolle der M ukopo lysaccharide  in d e r H erb e i
fü h ru n g  von G erin n u n g sstö ru n g en .

Tabelle III

Pathologische Angaben

Name Diagnose Histologischer Befund

J .  H. M agenkarzinom U nreifes A denokarz inom

J .  K. M agenkarzinom U nreifes so lides K arzinom

F ra u  J .  Â. M agenkarzinom U nreifes, Schleim  e n th a lten d es  C arci
nom a sem iadenom atosum

F ra u  L. A. M agenkarzinom M ikrokarzinom  ; siegelringförm ige 
sch leim produzierende  Zellen

F ra u  M. P. L ung en k arz in o m A denokarz inom

I. M. B ro n chuskarz inom K leinzelliges B ro n chuskarz inom

F ra u  J .  T. L y m phosarkom H erdfö rm ige , ru n d e  Z ellkonglom erate, 
ly m p h o z y ten a rtig e  Zellen

F ra u  M. G. U te ru sk arz in o m u nre ifer E p ith e lk re b s

F ra u  J . B. R etik u lo sa rk o m Kleinzelliges R etik u lo sa rk o m

F ra u  0 .  B. K olonkarzinom G alle rtk reb s m it M etastasen
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V orliegende A rb e it e n th ä l t  die A ngaben  derjen igen  K ra n k e n , bei denen 
die E rk e n n u n g  des T u m o rs  bzw . der K n o c h e n m a rk m e ta s ta se  d u rch  die 
A n a ly se  d er schw eren h äm o rrh ag isch en  D ia th ese  e rm öglich t w u rd e . W ich tig 
ste  F a k to re n  in  der E n ts te h u n g  d e r h äm o rrh ag isch en  D ia these  s ind  T h ro m b o 
z y to p e n ie  bzw . F u n k tio n s s tö ru n g  d e r T h ro m b o zy ten  sowie g este igerte  F ib rin o 
ly se . I m  F alle  von  L e b e rm e ta s ta se n  sind  sow ohl d er F ib rin o g en sp ieg e l als 
a u c h  d ie  M enge an d e re r P la sm a fa k to re n  v e rm in d e rt. A n h an d  des G esagten  
v e r t r e te n  w ir die A n sich t, d a ß  im  Falle e iner u n g e k lä rte n  B lu tg e rin n u n g s
s tö ru n g , T h ro m b o zy to p en ie  u n b e k a n n te n  U rsp ru n g s  bzw . m it d e r üblichen 
T h e ra p ie  u n b ee in flu ß b aren  B lu tu n g sk ra n k h e it die M öglichkeit eines T um ors 
b zw . e in e r  T u m o rm e ta s ta se  zu  erw ägen  is t. D ie e ingehende K lä ru n g  d e r B lu t
g e rin n u n g ss tö ru n g  e r le ic h te rt  die D iagnose d er K nochen- e v e n tu e ll L eb er
m e ta s ta s e .
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In  a p a tie n t  w ith  a  virilizing  a d ren o co rtica l ad en o m a w eighing 650 g th e  clinical 
a n d  endocrinological fe a tu re s  hav e  been s tu d ied . T h e  p a tie n t’s blood a n d  u rin e  a n d  th e  
tu m o u r its e lf  h av e  been  su b jec ted  to  b iochem ical h o rm one analysis.

Surgical rem o v a l o f th e  tu m o u r was fo llow ed  b y  d isappearance  o f th e  sy m p to m s 
a n d  re s to ra tio n  of th e  endocrine  balance. S u b seq u e n tly  th ere  were th re e  sp o n tan eo u s  
ab o rtio n s. In  th e  fo u rth  m o n th  of th e  fo u r th  p re g n a n c y  th e  p a tie n t w as su b je c te d  to 
S h i r o d k a r ’s o p e ra tio n  a n d  a t  th e  end of th e  se v e n th  m o n th  a m ale ch ild  w eighing 
1670 g was de livered . T h e  child  is now one y e a r  o ld  a n d  th rives.

T he d iv e rs ity  of c lin ica l fea tu res of a d ren o co rtica l tu m o u rs , re p re se n te d  
b y  clin ical en titie s  as w idely  a p a r t  as a ld o ste ro n ism , g y n aeco m astia , v irili
za tio n , or C ushing’s sy n d ro m e, has its cause in  th e  w ide range of a d re n o c o rtica l 
fu n c tions.

T h o u g h  c h a ra c te ris tic  clinical sy n d ro m es have  been d escrib ed , m ost 
cases d isp lay  a m ixed  p a t te rn  depend ing  on th e  cortical zone a ffec ted  by  
th e  tu m o u r . T he in n e rm o st lay e r, th e  re tic u la r  zone, is th e  site  o f b io sy n th es is  
o f th e  sexual stero ids inc lud ing  and rogens, oestrogens an d  p ro g este ro n e . 
T he clin ical m an ifes ta tio n s  of tu m o u rs  o r ig in a tin g  in  th is area v a ry  accord ing  
to  age and  sex. H y p ertrich o sis , h irsu tism , v ir iliz a tio n , severe m e n s tru a l d is
o rders affect a d u lt fem ales in  th e  firs t line.

T he p re sen t p a p e r  rep o rts  on a case o f  ad ren o co rtica l tu m o u r, in  w hich 
ho rm o n al s tud ies w ere m ad e  before th e  o p e ra tio n  an d  su b seq u en tly  fo r severa l 
w eeks. T he tu m o u r itse lf  has also been su b m itte d  to  b iochem ical s tu d y .

I. Clinical course

B . I . ,  a 23-year-o ld  fem ale, was a d m itte d  in  N ovem ber, 1961. S ince th e  
f irs t m e n s tru a tio n  a t  12 y ears , she had  h a d  re g u la r  and  painless h u t  p rofuse 
m e n s tru a tio n s  of 2 to  3 d ays d u ra tio n  u n til  h e r m arriage seven y e a rs  before 
adm ission . F ro m  th is  tim e  on m e n s tru a tio n  h a d  been  appearing  a t  in te rv a ls  
o f six  m o n th s  an d  she h a d  been no tic ing  a b n o rm a l h a ir  g row th  w h ich  b y  the  
tim e  o f h er adm ission h ad  sp read  over h er w hole b o d y  and  was th e  m o st con
sp icuous on h er face m ak in g  daily  shav in g  n ecessary . D uring  th e  la s t  tw o
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y e a rs  sh e  h a d  becom e b a ld  o v e r  th e  tem ples a n d  h e r voice h ad  been d eepen ing . 
H e r  la s t ,  excessively s c a n ty  m e n s tru a tio n  h a d  b e e n  six weeks before  th e  a d 
m iss io n . F o r  the  la s t tw o  y e a rs  she had  been  ex p erienc ing  severe h e ad ach es  
a n d  p a in s  in  the  region o f  th e  le f t k idney . H e r b re a s ts  w hich had  a lw ays been  
p o o r ly  developed  becam e a tro p h ie d .

O n  adm ission p h y s ica l ex am in a tio n s re v e a le d  no rm al th o rac ic  a n d  a b 
d o m in a l organs. Blood p re ssu re  was 130/80 m m  H g . T here  was a h e a v y  g ro w th

F ig s 1—2. B. I . 2 3 -y ear-o ld  w om an, w ith  v iriliz in g  ad ren o co rtica l ad en o m a

o f h a i r  o v e r the  chin. T h e  b re a s ts  showed no  g la n d u la r  s tru c tu re , th e  areole 
w as o f  m asculine a p p e a ra n c e , chest, abdom en  a n d  lim bs were covered  w ith  
h a irs  (F ig s  1, 2), th e  c lito ris  w as h y p e rtro p h ic  (F ig . 3), th e  vag ina  m o d e ra te ly  
w ide  a n d  o f norm al le n g th , th e  p o rtion  in fa n tile . T he u te ru s  w as sm a ll an d  
a n te f le c te d , no a b n o rm a lity  w as fe lt in  its  su rro u n d in g s . C ure ttage  p ro d u c e d  
n o  m a te r ia l  su itab le fo r h is to lo g y .

I n  th e  left renal reg io n  a m ass, la rger th a n  a m a n ’s f is t, w as p a lp a te d . 
R e tro p e r ito n e a l p n eu m o ra d io g ra p h y  (perfo rm ed  b y  G o s f a y , D e p a r tm e n t of 
U ro lo g y ) revealed  a sh a rp ly  ou tlin ed  o p ac ity  a b o u t 12 cm in d ia m e te r  over 
th e  le f t  k idney  (Fig. 4).

E ry th ro c y te  se d im e n ta tio n  ra te  was 1/5 a n d  2/8 m m ; se rum  N a , 140 
m eq  p e r  litre ; K . 4.6 m eq p e r  litre ;  serum  to ta l  p ro te in  7.85 per 100 m l, o f w hich  
a lb u m in , 52 per cen t; o^-g lobu lin , 5.6 p e r c e n t; a 3-globulin , 15.3 p e r  c e n t;
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/5-globulin, 13.1 p e r  cen t; y-globulin , 14 p e r cen t. F asting  b lood su g a r  was 
86 m g p er 100 m l; th e  oral blood su g ar to le ra n c e  curve 120, 162, 72 a n d  60 m g 
p er 100 m l. R esu lts  o f  endocrine s tu d ies  a re  g iven fu rth er below.

V irilizing ad ren o co rtica l tu m o u r  w as d iagnosed  and su rg e ry  w as p e r
fo rm ed  u n d er in tra tra c h e a l 0 2-e th e r a n a e s th e s ia  from  the  th o ra c o -a b d o m in a l 
ap p ro ach  (PÓ K A , F ir s t  D e p a rtm e n t of S u rg e ry ). O n opening the  p le u ra l c a v ity ,

Fig. 3. H y p e rtro p h ie d  c lito ris o f th e  
sam e p a tie n t

F ig. 4. R e tro p e rito n e a l pneum ogram  o f le ft 
adrenal tu m o u r

the  d iap h rag m  w as found  to  be d isp laced  u p w a rd s  by (bu t n o t a d h e r in g  to ) 
a ro u n d  s tru c tu re  o f sm ooth  surface, a p p ro x im a te ly  150 m m  in  d ia m e te r . 
T his m obile tu m o u r  w as in th e  re tro p e rito n e a l reg ion , a t the site o f th e  a d re n a l 
g land , em bedded  in  a capsu le o f f a t ty  tissu e , n o t  adhering  to  the  su rro u n d in g s  
(F ig. 5). P a lp a tio n  o f th e  pelvis a f te r  rem o v a l o f th e  tu m o u r rev ea led  a n  a t r o 
ph ied  u te ru s , tu b a e  n o t th ick e r th a n  a m a tc h , th e  righ t ovary  o f  h a z e ln u t-  
size, w hereas th e  le f t ov ary  was n o t p a lp ab le .

T h e  rem oved  tu m o u r  m easu red  a p p ro x im a te ly  150 mm in d ia m e te r  and  
w eighed 650 g. On its  low er pole th e  a d re n a l g land  no t larger th a n  a b e a n , 
o therw ise  of n o rm al ap p earan ce , w as id e n tif ia b le . T he darkish  b ro w n  c u t  su r
face o f th e  tu m o u r  p resen ted  a g lan d u la r s tru c tu re  (Fig. 6).

M icroscopically  ( R o m h á n y i , In s t i tu te  o f  Patho logy), a d re n a l cells, a 
rich cap illa ry  n e tw o rk  and  a m o d era te  a m o u n t of connective tis su e  w ere 
d em o n strab le . T he sh a rp ly  d em arca ted  tu m o u r  w as m ade up o f p o ly g o n a l,
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o fte n  b in u c lea ted  cells w ith  re la tiv e ly  sm all ro u n d  n ucle i (Fig. 7). T h e re  w ere 
n u m e ro u s  sm all bodies m easu rin g  up to  1 /j, p a r t ic u la r ly  well d iscern ib le  in  
th e  c lea r  cy top lasm  u p o n  s ta in in g  w ith  sp ec ia l b a s ic  dyes, p a r tic u la r ly  w ith  
p y ro n in e . T hey  seem ed to  co rrespond  to  th e  fu ch sinoph ile  elem ents dem on-

F ig . 5. In tra o p e ra tiv e  v iew  o f adrenal tu m o u r e m b e d d e d  in a capsule of f a t ty  tis su e

F ig . 6. R em oved tu m o u r, c u t  su rface

s tra b le  in  th e  re tic u la r  zone of the  a d re n a l g lan d . The histologic d iagnosis  
w as su p ra ren a l ad en o m a.

T h e  p o s to p e ra tiv e  course was u n e v e n tfu l. T h e  p a tie n t was d isch a rg ed  
on  th e  52nd p o s to p e ra tiv e  day.

S ex -ch rom atin  s tu d ie s  (perform ed b y  MÉHES, In s titu te  of P a th o lo g y ):
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Preoperalively 30.3 p e r cen t o f th e  cells in  th e  bucca l sm ear w ere sex- 
c h ro m a tin  positive. T h ey  show ed th e  following p e rc e n tu a l d is tr ib u tio n  acco rd 
in g  to  K o s e n o w ’s schem e:

T ype A 1.7
T ype В 3.3
T ype C 9.7.

T he p a tte rn  w as c o n s is ten t w ith  th a t  seen in  an im al ex p erim en ts  a fte r  
in te n s iv e  androgen  tr e a tm e n t ,  th e  geno type being  fem inine.

F ig. 7. M icroscopic p ic tu re  o f ad ren o co rtica l ad en o m a. X 350

Postoperatively, on th e  14 th  day , 
c e n t, an d  the  p e rc e n tu a l d is tr ib u tio n ,

sex -ch ro m a tin  p o s itiv ity  w as 35 p e r

T y p e  A 5
T y p e  В 3
T y p e  C 17,

th e  p revalence of T y p e  C b e in g  suggestive of a p a t te r n  associa ted  w ith  a h igh 
a n d ro g e n  level. O n th e  36th postoperative day, th e  sex -ch ro m atin  p o s itiv ity  
o f  th e  buccal sm ear w as 41 p e r cen t, and  th e  d is tr ib u tio n :

T y p e  A 2
T y p e  В 3
T y p e  C 9

i.e . con sis ten t w ith  th e  p a t te rn  found  in  n o rm al fem ales.
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T h e  vag inal sm ea r w as seria lly  con tro lled . W hile p re o p e ra tiv e ly  i t  w as 
ty p ic a lly  nonh o rm o n al, on  th e  2 1st p o s to p e ra tiv e  d ay  i t  in d ic a te d  a defin ite  
o es tro g en ic  in fluence, th e  p y cn o tic  index  b e ing  50 p er cen t. T h o u g h  th is  
p a t t e r n  persisted  u n ti l  th e  4 1 s t d a y  w hen th e  f i r s t  signs o f sec re to ry  tra n s fo r 
m a tio n  appeared , b leed in g  o f  tw o  days d u ra tio n  occurred  on th e  32nd  day . 
A  c u re tta g e  was p e rfo rm ed  on th e  4 9 th  p o s to p e ra tiv e  d ay ; th e  u te ru s  w as 
th e n  fo u n d  to  be of n o rm a l size. T here  w ere d e fin ite  signs of sec re to ry  t r a n s 
fo rm a tio n .

F igs 8 — 9. P a t ie n t  six  m o n th s  a f te r  o p eration

S ix  m onths a f te r  th e  o p e ra tio n , th e  p a tie n t  rep o rted  to  h a v e  h a d  no rm al 
m en ses  o f  5 to  6 day s d u ra tio n  a t  reg u la r 2 8 -d ay  in te rv a ls  an d  to  h av e  h a d  to  
sh a v e  th re e  tim es a w eak  on ly , ow ing to  a t te n u a tio n  of fac ia l h a ir  g row th . 
T h e  h irsu tism  had  a lm o s t d isap p eared  from  th e  t ru n k  (F ig. 8), th e  p u b es being 
fem in in e  in  ch a rac te r. A  n o rm a l c lito ris a n d  n o rm a lly  ro u n d e d  b re a s ts  w ere 
fo u n d  (F ig . 9).

W h en  rep o rtin g  one y e a r  a f te r  th e  o p e ra tio n  th e  p a tie n t  w as 3 m on th s 
p re g n a n t .  The b re a s ts  h a d  a g lan d u la r co n sis ten cy  an d  y ie ld ed  serous flu id  
on p re ssu re . H a ir g ro w th  over th e  tru n k  an d  th e  legs h ad  becom e fem inine 
in  c h a ra c te r . P a lp a tio n  rev ea led  a soft u te ru s  o f  th e  size of a f is t .  T he  only 
c o m p la in t was n au sea . T h e  fin d in g s re flec ted  a n o rm al en d o crin e  s ta tu s . 
A f te r  a week the  p a t ie n t  w as d ischarged . O ne m o n th  la te r  h e r p reg n an cy  
e n d e d  ab ru p tly .
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In  1963 she h ad  a n o th e r  sp o n tan eo u s a b o rtio n  in the  4 th  m o n th .
She rep o rted  ag a in  in  th e  second m o n th  o f h e r th ird  p reg n an cy . T h e  en

la rg ed , so ft u te ru s  w as an te flec ted . G a l h -M a i n i n i ’s reac tio n  w as positive . 
O estrogen  an d  p reg n an ed io l values were in  th e  n o rm al range. O w ing  to  the 
th r e a t  o f  h a b itu a l a b o rtio n , G estanon  (A lly lestreno l) w as p resc rib ed  b u t  the  
p reg n an cy  again  en d ed  in  th e  4 th  m o n th , a b o rtio n  being com pleted  in  an o th e r 
d e p a rtm e n t.

T h ree  years a f te r  th e  opera tio n , in  1964, she was again  a d m it te d  in  the 
th ird  m o n th  of p reg n an cy . H orm one o u tp u t  w as in  th e  n o rm al ra n g e , w ith  
oestrone , 45 /ig/24 h rs .; oestrad io l 23 /ig/24 h rs .;  oestrio l 71 /ig/24 h rs .;  p reg 
n aned io l 3 m g/24 h rs .; H C G  50,000 IU /24  h rs .;  17 -ketostero ids, 9.4  m g/24 hrs. 
She w as p u t  u n d er close o b se rv a tio n  an d  s ta r te d  on G estanon . A t th e  en d  of 
th e  th ird  m o n th  o f p reg n an cy  th e  low er seg m en t of th e  cerv ica l c a n a l was 
p a te n t. N o co n trac tio n s  w ere percep tib le . I n  v iew  of th e  p rev io u s ab o rtio n s 
w hich in v a ria b ly  occu rred  in  th e  fo u rth  m o n th , S h i r o d k a r ’s o p e ra tio n  was 
re so rted  to . A t th e  en d  o f th e  sev en th  m o n th  p re m a tu re  ru p tu re  o f  th e  m em 
b ran es  occurred  an d  10 h rs. la te r  a m ale ch ild  w eighing 1670 g w as delivered . 
T he p la c e n ta  w eighed 400 g, i t  was n o rm a l on  gross an d  m icroscop ic  ex am i
n a tio n . T hough  th e  b re a s ts  s ta r te d  sw elling in  due  tim e , th e y  y ie ld ed  10 to  15 ml 
o f m ilk  on ly  from  th e  fo u r th  d ay  onw ards, w hich  m ade b re a s t feed in g  im pos
sible. P u e rp e riu m  w as o therw ise u n ev en tfu l. T he b a b y  has been th r iv in g  well 
an d  is p hysica lly  a n d  m en ta lly  norm al.

IL Endocrinologie studies

F o r th e  ho rm one d e te rm in a tio n s  th e  follow ing m eth o d s  w ere used 
T o ta l 17-ketostero ids, H o l t o r f f  and K o c h  (1940); 17-ketogen ic  s te ro id s  
N o r i m b e r s k y  e t al. (1956); 17 -ketostero id  frac tio n s , K e c s k é s  e t  a l. (1964); 
p reg n an ed io l and  p reg n an e tr io l, E b e r l e i n  a n d  B o n g io v a n n i  (1958); oestro- 
gens, K e c s k é s  e t al. (1961); g o n ad o tro p h in , A l b e r t  (1956); a ld o ste ro n e , 
N e h e r  an d  W e t t s t e i n  (1956); p rogeste rone  an d  ad ren o co rtica l s tero ids, 
E n d r ő c z i , T e l e g d i  an d  M a r t in  (1958) a n d  T e l e g d i  an d  E n d r ő c z i  (1961), 
re spec tive ly .

1. Hormones in urine and blood serum

T ab le  I  shows preoperative and postoperative resu lts . P re o p e ra tiv e  u rin a ry  
1 7 -ke toste ro id  o u tp u t  a t ta in e d  483 m g/day . T h e  urine  co n ta in ed  p re v a le n tly  
d eh y d ro iso an d ro ste ro n e , th e  daily  a m o u n t o f w hich, i.e. 128 m g, accoun ted  
for 61 p e r cen t of th e  iso la ted  17-ketostero ids. E x c re tio n  of a n d ro s te ro n e  and 
etiocho lano lone w as also excessive.
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T h e  serum  level o f  d e h y d ro iso an d ro s te ro n e  w as 1600 jUg/100 m l, w hereas 
a n d ro s te ro n e  and  e tio ch o lan o lo n e  were n o t d e m o n s tra b le . I t  m u st be n o te d  
t h a t  th e  p a tie n t h ad  b een  ch allenged  p re o p e ra tiv e ly  w ith  4500 IU  H C G  an d  
20 I U  A C TH  in tra v e n o u s ly  a n d  th a t  the  e ffec t o f  cortisone load ing  on th e  
e x c re t io n  of stero ids h a s  a lso  been in v es tig a ted . N one of these  su b stan ces  
in f lu e n c e d  sign ifican tly  th e  ex c re tio n  of 1 7 -k e to ste ro id s . G o n ad o tro p h in  w as 
n o t  d em o n strab le  in  th e  u r in e .

Table I

Hormone determ inations before and a fter removal o f  tum our

Steroid Unit Normal range

In t  he present case 

before J after 

operation

T o ta l  17-K s m g/24  hrs. 4 .0 - 1 2 .0 483 8.5

17 -K s-frac tio n s m g /2 4  hrs. 2 .0 — 7.1 208 5.0

A n d ro s te ro n e m g /2 4  hrs. 0 .5 — 1.6 40 1.6

E tio cho lano lone m g /2 4  hrs. 0 .7 — 2.7 40 2.1

ll-o x y -1 7 -K s m g /2 4  hrs. 0 .8 — 2.1 0 1.3

D H A m g /2 4  hrs. 0 . 0 -  0 .7 128 0.0

D H A  se ru m /tg /100  m l 3 0 .0 —50.0 1600 0.0

17-O H C S m g /2 4  hrs. 2.5 — 12.0 4.7 10.4

P re g n a n e d io l m g /2 4  hrs. 1 .0— 3.0 7.5 0.0

P re g n a n e tr io l m g /2 4  hrs. 0 . 0 —  1.0 12.0 0.0

T o ta l  oestro g en s /rg /24  hrs. 10.0 — 30.0 0.0 13.8

О e s tro n e jtg /24  hrs. 0.0 9.9

O e strad io l //g /2 4  hrs. 0.0 3.9

O e s tr io l jig /24  hrs. 0.0 0.0

G o n a d o tro p h in R u /2 4  hrs. 5 .0 —50.0 0.0 16.0

A ld o ste ro n e jttg/24 hrs. 3.0 — 10.0 10.0

B y  th e  s ix th  d ay  a f te r  th e  operation , 1 7 -k e to s te ro id  excre tion  h a d  fallen  
to  8 .5  m g  p e r 24 h rs. P re g n a n e d io l and  p re g n a n e tr io l were no  longer d em o n 
s tr a b le  in  th e  urine. T h e  rise  in  17-OHCS values m a y  be a ttr ib u te d  to  th e  p o s t
o p e ra t iv e  cortisone t r e a tm e n t .  O estrogen an d  g o n a d o tro p h in  could be iso la ted  
fro m  th e  urine a few d ay s  a f te r  th e  operation .
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2. Hormone analysis o f the tumour

T able I I  show s th e  re su lts . E tiocho lano lone as w ell as d eh y d ro iso an d ro - 
s te ro n e  were d e m o n s tra b le  in  la rger, an d ro s ten ed io n e  in  sm alle r am oun ts. 
H ydro co rtiso n e  a n d  co rtico ste ro n e  e x tra c te d  fro m  th e  tu m o u r  ap p ro x im a ted  
1/10 o f th e  values fo r n o rm a l ad ren a l glands. T he a m o u n ts  o f  p ro geste rone  and  
1 7 -a-h y d ro x y p ro g este ro n e  w ere sm all. O estrone  cou ld  also  be iso la ted  from  
th e  tu m o u r th o u g h  before  th e  o p era tio n  no o estrogens h ad  been  dem o n strab le  
in  th e  urine, as e x p e c te d  on th e  basis of th e  n o n -h o rm o n a l p a t te rn  o f th e  vag inal 
sm ear, th e  undersized  u te ru s  an d  th e  en d o m etria l a tro p h y .

Table II

Steroids isolated fro m  adrenocortical adenoma  
fug/100 g tissue)

C-19 eteroids C-21 steroids C-18 steroids

E tiocholanolone 160 H ydrocortisone 32 O estrone 76

D ehydro isoandrosterone 138 C orticosterone 24

A ndrostened ione 24 P rogesterone 8

17-a-hydroxyprogesterone 12

D iscussion

In  a 23-year-o ld  w om an  a tu m o u r of 650 g w eigh t a rising  in  th e  re ticu la r 
zone o f th e  ad ren a l co rtex  h a d  in d u ced  am enorrhoea  for seven  y ea rs  an d  severe 
v iriliza tio n  inc lud ing  h y p e rtr ich o sis , ba ldness, change o f voice an d  m am m ary  
a tro p h y . There w as an  excessive secretion  o f an d ro g en s w hich m u s t have 
b locked  th e  sy n th esis  o f  g o n ad o tro p h in s  in  th e  a n te r io r  p i tu i ta ry  lobe an d  
led  in  th is  m an n er to  a s ta te  o f o v arian  fa ilu re , as re flec ted  b y  th e  sm all 
u te ru s  and  th e  e n d o m e tr ia l a tro p h y . A fter rem o v a l o f th e  tu m o u r  th e re  was 
a ra p id  n o rm aliza tio n  o f th e  ho rm o n al fu n c tio n s a n d  th e  clin ical syndrom e.

I t  is rem ark ab le  how  soon a fte r  rem oval o f th e  tu m o u r  th e  p itu ita ry  
g lan d  recovered i ts  sec re to ry  func tions w hich h a d  been b locked  for m an y  
years  b y  androgenic  a c tiv ity . As early  as on th e  s ix th  p o s to p e ra tiv e  day , 
g o n ad o tro p h in  secre tion  w as m easu rab le  an d  oestrogens a p p ea red  in  th e  urine. 
T he f ir s t  m en stru a tio n , s till from  a m onophasic  cycle, m ade its  ap p earan ce  
on th e  32nd p o s to p e ra tiv e  d a y . S ix teen  days la te r  th e  u te rin e  m ucosa was in 
an  ad v an ced  stage  o f sec re to ry  tra n sfo rm a tio n . T h is m ark ed  th e  re tu rn  of 
re g u la r  m en stru a tio n  a f te r  seven  y ears  am enorrhoea . As a sign o f re s to red  
sex u a l horm one p ro d u c tio n , th e  h ith e r to  m asculine b re a s ts  becam e n o rm al,
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h irs u tis m  over th e  tru n k  a n d  th e  low er lim bs d isap p ea red  an d  decreased  con
s id e ra b ly  over th e  u p p e r lip  a n d  th e  chin.

A f te r  th e  tu m o u r h a d  b e e n  rem oved  she h a d  th re e  sp o n tan eo u s  abo rtions 
in  th e  fo u r th  m o n th  o f  p re g n a n c y  in  sp ite  o f n o rm a l endocrine  find ings. 
A  fo u r th  p reg n an cy , w ith  c e rv ica l incom petence  b u t  n o rm a l p la c e n ta r  fu n c
tio n s  e n d e d  in  th e  sev en th  m o n th  w ith  th e  de liv ery  of a h e a lth y  b a b y .

T h e  excessive p re o p e ra tiv e  and rogen  secre tion  is u n u su a l even  w ith  
v ir i l iz in g  adenom as. I t  w as p a r t ic u la r ly  d eh y d ro iso an d ro ste ro n e  w hich  was 
fo u n d  a t  h igh  co n cen tra tio n s  in  se ru m  an d  u rin e  an d  also in  th e  rem oved  
tu m o u r .

R o b e r t s  e t  al. (1961) d e m o n s tra te d  in  a case o f  v iriliz ing  ad ren o co r
t ic a l  a d e n o m a  b y  m eans o f  7 tr-17 -O H  pregneno lone t h a t  on ly  negligible 
a m o u n ts  o f th is  su b stan ce  a re  co n v erted  to  d eh y d ro iso an d ro s te ro n e  a t  the  
p e r ip h e ry . T he source o f d eh y d ro iso an d ro s te ro n e  iso la ted  in  m assive am o u n ts  
f ro m  th e  u rin e  is in  all lik e lih o o d  d eh y d ro iso an d ro ste ro n e  su lp h a te  dem o n strab le  
in  th e  b lo o d  of th e  su p ra re n a l v e in  ( B a u l i e u  [I960]). T he p o ss ib ility  t h a t  D H A  
m a y  b e  p ro d u ced  d irec tly  f ro m  cho lestero l w ith o u t in v o lv in g  th e  p ro d u c tio n  
o f  p reg n en o lo n e  as c la im ed  b y  G u a l  e t al. (1962) on th e  ev idence o f in  vitro 
s tu d ie s  o f  a v irilizing  a d e n o m a , w ould  be in  ag reem en t w ith  th e  h igh  D H A  
a n d  p re g n a n e tr io l ex c re tio n  d em o n strab le  in  ou r case.

O estro n e  was p re sen t in  considerab le  am o u n ts  in  th e  tu m o u r  b u t  n o t in 
th e  u r in e . I t  m ay  be safe ly  a ssu m ed  th a t  i t  has su ffered  a progressive  b re a k 
d o w n  in  th e  tu m o u r a n d  th e re fo re  i t  m u st h av e  b een  e lim in a ted  in  th e  form  
o f  m e ta b o lite s  o th e r th a n  th e  classical oestrogens, an  e x p la n a tio n  w hich 
w o u ld  acco u n t for th e  m o rp h o lo g ica l an d  fu n c tio n a l co n d itio n  o f  th e  genital 
t r a c t .

K e l l e r  e t al. (1958) fo u n d  500 fig of oestrone  an d  700 ^ g  o f oestrio l per 
100 g tis su e  in a v iriliz ing  ad e n o m a , th u s  h igher a m o u n ts  th a n  tho se  in  the 
p re s e n t  tu m o u r. In  th e ir  case, th e re  w ere 53 ц g o f oestrone  an d  73 [Лg o f o e s tra 
d io l in  th e  urine. Y e t th e  p a t ie n t  h ad  been am en o rrh o e ic  for tw o  years and  
h a d  a tro p h ie d  b reasts  an d  a sm all u te ru s . T he c o n tra s t  b e tw een  th ese  ch arac
te r is t ic  signs of oestrogen  d e fic ien cy  and  th e  p resence o f  oestrogens w as ob
v io u s ly  due  to  th e  a n ta g o n is tic  effect o f th e  and rogens.

T h e  presence of o estro g en s in  our case suggests t h a t  th e  tu m o u r  con
ta in e d  a ro m atiz in g  en zy m es responsib le  for th e  fo rm a tio n  of th e  pheno l ring  
in  th e  s te ro id  m olecule. T h e  d ire c t p recu rso r of oestrone  w as in  all likelihood 
d e h y d ro iso an d ro s te ro n e .
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EXPERIMENTAL BILE-REFLUX PANCREATITIS
IN THE DOG
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J .  M e t z l , A. R á d l e r , G y . K u s t o s  and E .  G im es
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(R eceived  Ju ly  19, 1966)

T he p ro ced u re  desc rib ed  by  H erm a n n  a n d  K n o w les  was fo u n d  to  r e s u l t  in 
le th a l b ile -reflux  p a n c re a titis . T his m eth o d  in v o lv es, how ever, p ro longed  ja u n d ic e  
in te rfe rin g  w ith  th e  s tu d y  of th e  surgical a sp ec ts . T h e  tech n iq u e  has th e re fo re  been 
m o d ified  to  rep ro d u ce  as fa r  as possible th e  p re su m ab le  pathophysio log ica l c o n d itio n s 
in  m a n , nam ely  th e  t ra n s ie n t  ch arac te r  o f b ilia ry  congestion  and  of seco n d ary  re flu x  
c o n se q u en t upon  calcu lous o b s tru c tio n . A fter co n n ec tin g  th e  com m on bile d u c t  a n d  th e  
p a n c re a tic  d u c t w ith  a p o ly e th y len e  tube  a s te rile  an as to m o sis  was form ed b e tw een  th e  
s to m a c h  an d  th e  g a llb lad d e r. T h is anastom osis th e n  becom es p a te n t  on th e  seco n d  or 
th ir d  p o sto p e ra tiv e  d a y  th u s  resu ltin g  in d eco m p ressio n  an d  th e  d isa p p ea ran c e  of 
ja u n d ic e . F o u rte en  dogs h a v e  been su b jec ted  to  th e  o p e ra tio n ; 11 of th e m  d ied  of 
p a n c re a titis ,  3 su rv iv ed . T h e  s tru c tu ra l changes co rre sp o n d ed  to  those fo u n d  a f te r  th e  
o rig in a l p rocedure .

E x p e rim e n ta l p a n c re a tit is  in  th e  dog w as in d u ced  for th e  f irs t  tim e  by  
Cl a u d e  B e r n a r d  [5] in  1856, b y  in jec tio n  in to  th e  pan crea tic  d u c t o f bile 
m ixed w ith  olive oil. O n th is  has been based  th e  re flu x  th e o ry  w hich assum es 
th e  b ile  flow ing  in to  th e  p a n c re a tic  d u c t to  a c t iv a te  th e  p an crea tic  p ro en zy m es 
and  to  lead  in  th is  m a n n e r to  an a u to d ig es tiv e  process responsib le fo r th e  
disease.

L a te r , o th e r  possible aetio log ic fac to rs  h a v e  been  described, f ir s t  o f all 
o b s tru c tio n  o f th e  p a n c re a tic  d u c t [4, 11, 13]. L ig a tio n  o f th e  p an c re a tic  d u c t 
in itse lf  leads in  th e  la b o ra to ry  an im al to  oed em a an d  secondary  fib ro sis  of 
the  p an c reas . M assive le th a l p a n c re a titis  could  be in d u ced  by  com bin ing  th is  
in te rv e n tio n  w ith  in jec tio n  o f ce rta in  su b stan ces , su ch  as bile acids or try p s in , 
e tc ., in to  th e  p an c rea tic  d u c t o r b y  s tim u la tio n  o f p an c re a tic  secretion  o r w ith  
im p a irm e n t o f p an c rea tic  b lood  flow. T he th e o ry  in c rim in a tin g  v a sc u la r  fa c 
to rs , e.g . a r te r ia l  o b s tru c tio n , spasm , venous s ta s is , th rom bosis for th e  p ro 
d u c tio n  o f  th e  disease has also its  ad h eren ts  [2, 3, 14]. O th e r possible ae tio log ic  
fac to rs in c lude  in fec tion  [18], in ju ry  [9], a lle rgy  [16, 17], v eg e ta tiv e  s tim u li 
[10], d ire c t in fluence  o f  c e r ta in  tox ic  su b stan ces  (e th io n in e , alcohol?) on th e  
pan creas  [1]. C erta in  in v es tig a to rs  ascribe a c a u sa tiv e  role to  p ro te o ly tic  
enzym es p re v a le n tly  o f sp len ic  or p ro s ta tic  o rig in  b e ing  released from  th ese  
o rgans, in  th e  case o f in ju ry  [15]. To su p p o rt th e se  th eo ries, a g rea t n u m b e r  
of an im a l ex p erim en ts  h av e  been perfo rm ed  w hich , how ever, all in v o lv e  
aphysio logic  cond itions an d  m ake b y  th is  fa c t d o u b tfu l th e  e v a lu a tio n  o f 
th e ra p e u tic  in te rv en tio n s .
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T h e  possible role o f b ile -re flu x  has, h o w ev er, p reserved  its  p rev a len ce  
p a r t ic u la r ly  since i t  h as  fo u n d  su p p o rt in  th e  com m on channel th e o ry  p u t 
fo rw a rd  b y  O p ie  [12], a c la im  co nsisten t w ith  th e  observ a tio n  t h a t  acu te  
p a n c r e a t i t i s  is associated  w ith  gallstones in  a p p ro x im a te ly  60 p er c e n t o f  th e
cases.

T h e  re flux  th e o ry  h as  b een  challenged  on th e  g round of v a r io u s  ob
s e rv a tio n s .  Bile does n o t  a c tiv a te  th e  p ro en zy m es of p a n c re a tic  ju ic e . In  
a n im a l  ex perim en ts i t  is possib le  to  perfuse  th e  p ancreas w ith  b ile  w ith o u t 
in d u c in g  p an crea titis  [19, 2 0 ]. N o m assive le th a l p an c rea titis  ensu es a fte r 
th e  in je c t io n  of bile in to  th e  p a n c re a tic  d u c t u n less perfo rm ed  u n d e r  p ressu res  
c o n s id e ra b ly  higher th a n  th e  physio logical one. U n d er such p ressu re  b ilia ry  
c a p illa r ie s  are ru p tu re d  a n d  th is  m echan ical in ju ry  is held  re sponsib le  fo r th e  
in d u c t io n  of p an crea titis . F o rc e d  in jec tion  o f o th e r  substances in to  th e  p a n c re 
a t ic  d u c t  m ay  also lead  to  a c u te  p a n c re a titis . B y  th e  s tu d y  o f th e  p ressu re  
c o n d itio n s  in  the p a n c re a tic  an d  b ilia ry  d u c ta l  system s i t  has b een  show n 
t h a t  th e  secre to ry  p ressu re  o f  th e  p ancreas h ig h ly  exceeds th a t  o f '  b ilia ry  
t re e . M o st o f the  d o u b ts  c a s t  b y  these  f in d in g s on th e  possibilité _ a b ilia ry  
r e f lu x  h a v e  been d ispelled  b y  E l l io t  e t al. [6]. These au th o rs  w ere ab le  to  
in d u c e  m assive le tha l p a n c re a tit is  even u n d e r  n o rm a l pressures w hen  in jec tin g  
in to  t h e  pancrea tic  d u c t p a n c re a tic  ju ice  ad m ix ed  to  bile w hich  h a d  been 
in c u b a te d  a t  37° C fo r 24 h rs . B y  pressure  m easu rem en ts  th e y  h a v e  fu r th e r 
m o re  sh o w n  th a t  th o u g h  th e  pressure in th e  p an c rea tic  d u c ts  h ig h ly  exceeds 
t h a t  o f  th e  b iliary  sy s tem , a n ea rly  to ta l  e q u ilib riu m  of p ressu re  is reach ed  
in  12 to  24 hrs. w hen a com m on  channel h as  b een  form ed.

O n  these g rounds p a n c re a tit is  in d u ced  b y  w ay of th e  b ilia ry  re flu x  
m e c h a n is m  was fe lt to  b e  su itab le  for th e ra p e u tic  ex p erim en ts . W e  have 
a t te m p te d  to  rep roduce  h u m a n  p a th o p h y sio lo g ic  cond itions as c losely  as 
p o ss ib le . Therefore we a v o id ed  in jec tion  o r in fu sio n  of bile in to  th e  p a n c re a tic  
d u c t  a n d  co n cen tra ted  o u r  m eth o d  on rep ro d u c in g  th e  tra n s i to ry  c h a ra c te r  
o f  b i l ia r y  stasis in v o lved  b y  calculous o b s tru c tio n . As th e  e x p e rim e n ts  were 
c a r r ie d  o u t in dogs, w here  th e  m ain  p a n c re a tic  d u c t and  th e  com m on b ile  d u c t 
h a v e  se p a ra te  orifices, we h a d  to  fin d  a dev ice  to  un ite  th e  tw o  sy stem s.

F ro m  the  various m e th o d s  we have se lec ted  th a t  dev ised  b y  H e r m a n n  
a n d  K n o w l e s  [7], w ho a f te r  d u o d en o to m y  co n n ec t th e  com m on d u c t  w ith  
th e  m a in  pancreatic  d u c t b y  a p o ly th en e  tu b e  (F ig . 1). M assive h aem o rrh ag ic  
p a n c re a t i t is  ensued lead in g  to  d e a th  in  90 p e r cen t of th e  an im als  b e tw een  
th e  seco n d  and  n in th  p o s to p e ra tiv e  day . T h e  p e rsisting  p o s to p e ra tiv e  b ilia ry  
s ta s is  caused , how ever, an  increasing  ja u n d ic e  w hich  is n o t on ly  in c o n s is te n t 
w ith  h u m a n  patho logy  b u t  also  a lters  th e  course  o f even ts an d  m akes e v a lu a tio n  
o f  th e ra p e u tic  in te rv e n tio n s  doub tfu l.

Acta Medica Academias Scientiarum Hungaricae 24, 1967



EX PER IM EN TA L B IL E -R E F L U X  PAN CREA TITIS 59

Material and m ethod

M ongrel clogs w eigh ing  betw een 10 and  15 k g  w ere  used. The o p e ra tio n s w ere  carried  
o u t u n d e r  e n d o trach ea l a e th e r  -f- N 20  +  0 2 a n ae sth es ia  in tro d u c ed  by in tra v en o u s  b a rb itu ra te .  
B lood sam ples were ta k e n  p reo p era tiv e ly , im m e d ia te ly  a n d  six hours a f te r  o p e ra t io n  and , 
from  th is  tim e  on, d a ily . T h e  s ta te  of the  an im als w as care fu lly  recorded.

In  th e  f ir s t  series, 12 dogs were su b m itted  to  th e  o rig ina l procedure  o f H e r m a n n  and 
K n o w les  [7] so as to  a sc e r ta in  i ts  consequence a n d  to  s tu d y  th e  ch arac te r  a n d  course  of 
p a n c re a titis  th u s  in d u ced .

F i g . 1. S k e tch  of th e  original m eth o d  o f H erm a nn  and  K n o w les

postoperative days

Fig. 2. S urv ival of anim al» in  th e  f irs t  series

Results

In  th e  p o s to p e ra tiv e  period th e  a n im a ls  w ere in a poor co n d itio n , th e y  
fed a n d  d ra n k  p o o rly  an d  vom ited  often . T w o died  on the  second, one on th e  
th ird , 3 on th e  f if th , one on the  six th , one o n  th e  seven th , one on th e  tw e lfth  
day , 2 an im als w ere k illed  w hen a t th e  p o in t  o f dy ing  on th e  n in th  a n d  th i r 
te e n th  d ay , re sp ec tiv e ly , one anim al su rv iv ed  (F ig . 2). The an im als w h ich  had  
died  w ere au to p sied , th e  pancreas, liver, .and  ga llb ladder were w o rk ed  u p  for

Acta Aiedica Academiae Scientiarum Hungaricae 24, 1967



6 0 J . METZL et al.

h is to lo g ic a l s tu d y . T he a b d o m in a l cav ity  u su a lly  co n ta in ed  free h ae m o rrh a g ic  
f lu id . T h e  pancreas w as sw ollen  and  o ed em ato u s, especially  in  th e  a rea  w h ere  
th e  c a th e te r  h ad  been d ire c te d . Gross h aem o rrh ag es  were p resen t an d  in  som e 
cases th e  g land  con ta ined  c y s ts  w ith  a h ae m o rrh a g ic  co n ten t. The p e r ito n e u m  
a d ja c e n t  to  th e  g land d isp la y e d  foci of f a t  n ecro sis . The bile duc ts  w ere  c o n 
s id e ra b ly  d ila ted .

I t  h a s  to  be n o te d  t h a t  d u r in g  o p e ra tio n  a f t e r  in se r t io n  o f  th e  p o ly v in y l  
c a t h e t e r  th e re  w as in v a r ia b ly  a f lo w  o f p u r e  p a n c r e a t ic  ju ic e  to w a r d  th e  
c o m m o n  d u c t  w h ereas  th e  f lu id  fo u n d  a t  a u to p s y  w a s  c o n s is te n tly  y e llo w ish  
w h ic h  is  in  a g re e m e n t w i th  t h e  f in d in g s  o f  E l l io t  e t  a l. [6 ].

Fig. 3. M icroscopic fin d in g s in  th e  f i r s t  series. H . E .-sta in ing

T h e  m icroscopic signs o f  oedem atous h aem o rrh ag ic  p a n c re a titis  d e 
m o n s tra b le  th ro u g h o u t in c lu d e d  oedem a, gross hyperaem ia , in te r lo b u la r  
h a e m o rrh a g e s , these being  p re v a le n t in th e  m a rg in a l areas, and  leu c o c y tic  
in f i l t r a t io n .  P a ren ch y m al n ecrosis , if  p resen t, w as sligh t. In  th e  in te r lo b u la r  
a n d  a d ja c e n t  fa t tissue necrosis  was d e m o n s tra b le  in  nearly  all of th e  cases 
(F ig s  1, 3). T he liver an d  th e  ga llb ladder show ed  n o  sign ifican t in f la m m a tio n .

B lo o d  sugar an d  N P N  levels rem ain ed  e ssen tia lly  unchanged . S e ru m  
a m y la s e , o rig inally  in  th e  ra n g e  of 32 to  64 W o h lg e m u th  un its , e x c e p tio n a lly  
a t  128 U , w ere found to  exceed  1024 U by  th e  e n d  o f 24 hrs and  re m a in e d  a t  
th is  le v e l to  th e  end. SG O T b e h a v e d  sim ilarly . T h e  values for serum  ca lc iu m  
d e c lin e d , th o se  for serum  b iliru b in  successively  in creased  u n til d e a th , e x c e p t 
in  th e  su rv iv in g  an im al w h ere  th e  c a th e te r  h a d  p resum ab ly  s lip p ed  o u t. 
T he c h a ra c te r is tic  changes o f  th e  serum  am y la se  a n d  serum  b iliru b in  levels 
in  a n im a l  N o. 5 are show n in  F ig . 4.
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O n th e  g rou n d s o f th e  series i t  has b e e n  asce rta in ed  th a t  th e  m e th o d  
u n d e r s tu d y  is su ited  fo r th e  induc tio n  o f le th a l  p an c rea titis . S u s ta in e d  b ilia ry  
s tasis  in v o lv ed  b y  th e  m e th o d  leads, h o w ev er, to  increasing ja u n d ic e  g rea tly  
in te rfe rin g  w ith  a p ro p e r in te rp re ta tio n  o f  th e  p ic tu re . The te c h n iq u e  has 
th e re fo re  been  m odified  to  e lim inate  th is  com p lica tio n .

T h e  f irs t  s tag e  o f th e  in te rv en tio n  does n o t  differ from  th e  o rig in a l p ro 
cedure [7]. A p p ro ach  is b y  m idline a b d o m in a l incision . T he m ain  p a n c re a tic  
d u c t a n d  th e  com m on bile d u c t are iso la ted  a t  th e ir  duodenal o rifices a n d  a 
silk lig a tu re  is p laced  a b o u t them . The accesso ry  pan crea tic  d u c t is lig a ted . 
T he d u o d en u m  is opened  long itu d in a lly . T h e  o rifice  o f th e  m ain  p a n c re a tic  d u c t

Fig. 4. Serum  am ylase an d  b iliru b in  levels

is lo c a te d , one end  o f  th e  po ly th en e  c a th e te r  is su tu re d  in to  it. T he  o th e r  end  
of th e  tu b e  is su tu re d  in to  Y a te r’s p ap illa . T h e  duodenum  is closed (F ig . 1).

T h e  m o d ifica tio n  consists in  fo rm ing  a s terile  ch o lecy sto g as tro s to m y  
a fte r  closure of th e  d u o d en u m . The g a llb lad d e r a n d  th e  an te rio r w a ll o f  th e  
a n tra l  p o rtio n  of th e  s to m ach  are a p p ro x im a te d  and  th e  p o ste rio r  ro w  of 
su tu re s  is p laced  in  a le n g th  o f 2 to  3 cm b y  in te r ru p te d  serom uscu lar s titc h e s . 
T hen  th e  serosal an d  m u scu la r layers a re  sco rch ed  w ith  the  e lec tric  kn ife  
w hereas th e  subm ucosa  a n d  m ucosa are m e re ly  coagu la ted . The g a llb la d d e r  
is t r e a te d  in  th e  sam e m an n er. This organ  is v e ry  th in -w alled  in dogs, g re a t 
care m u s t th ere fo re  be ta k e n  no t to  cause o p en in g  of th e  m ucosa. T h e n  th e  
a n te r io r  row  o f su tu re  of th e  anastom osis is p laced  by  m eans o f in te r ru p te d  
s titch es  (F ig . 5). T he ring  o f anastom osis sh o u ld  be  le ft in ta c t in stead  o f  c ru sh in g  
it  a p a r t  w ith  th e  fingers as is usual in  h u m a n  s terile  in te s tin a l a n as to m o sis . 
S eq u e s tra tio n  o f th e  g a s tric  and  cholecystic  m ucosa  will p re su m ab ly  occu r 
as a consequence o f  th e  coagu la tion  and  th u s  becom e p a te n t w ith in  tw o  or 
th ree  d ay s. T his perio d  will he su ffic ien t fo r  th e  incu b a tio n  of p a n c re a tic  
ju ice  w ith in  th e  b ilia ry  passages and  for th e  p ro d u c tio n  of reflux , w h ile  o b 
s tru c tio n  an d  ja u n d ic e  will be tran s ito ry .
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T h is  procedure h as  b e e n  perform ed in  14 dogs. E leven  an im als d ied , one 
in  th e  1 7 th  hour, 2 on th e  th i r d  day , 3 on th e  fo u r th  day , one on th e  f if th  d a y , 
2 o n  th e  seven th  d ay , one o n  th e  tw e lfth  d a y , one on th e  fo u r te e n th  d a y , 
w h e re a s  3 su rv ived  (F ig . 6).

A u to p sy  revealed  s im ila r  gross and  m icroscop ic  changes in th e  p a n c re a s  
as in  t h e  fo rm er series. T h e  p a n c re a tit is  w as o f  oedem ato u s and  h aem o rrh ag ic

gallbladder

postoperative days

F ig. 6. S u rv iv a l o f anim als in  th e  second  series

c h a r a c te r  w ith  necroses (F ig . 7). F a t  necrosis w as p resen t in  n ea rly  a ll o f  th e  
c a se s . I n  th e  an im al w hich  h a d  died in  th e  1 7 th  h o u r  th e  ch o lecy sto g astro sto m y  
w a s  s t i l l  closed, in  th e  o th e rs  i t  was p a te n t .  T h is  shows th a t  a n as to m o sis  is 
c o m p le te  b y  th e  end  o f tw o  or th ree  d ay s. T h is  is also su p p o rted  b y  th e  b e 
h a v io u r  o f the  serum  b iliru b in  level w hich dec lines from  th e  second o r th ird  
d a y  o n  a n d  was n ev er ab o v e  2.4 m g p er 100 m l. T he b ehav iou r o f se ru m  b ili
r u b in  a n d  am ylase in  a n im a l No. 4 is show n in  F ig . 8. In  order to  g a in  d irec t
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ev idence  of th e  an astom osis hav ing  becom e p a te n t  we re - lap a ro to m ized  one 
of th e  an im als  on th e  th ird  day. The g a llb la d d e r  was filled w ith  76 p e r  cen t 
d ia tr iz o a te  an d  X -ra y s  w ere tak en . T hese  show ed  th e  free p assag e  o f  th e  
c o n tra s t  su b stan ce  from  th e  gallb ladder in to  th e  stom ach  (Fig. 9).

F ig. 7. M icroscopic find ings in th e  seco n d  series. H . E .-sta in in g

F ig . 8. Serum  am y lase  a n d  b ilirub in  levels in  a n im a l No. 4 of the  second  series

A  co n tro l series h as  been set up in  o rd e r to  check the effect o f  th e  m od i
f ic a tio n . F o u r  dogs w ere opera ted  on in  th e  sam e m anner as in  th e  second 
series, e x c e p t for an  im m ed ia te  ch o lecy sto g astric  anastom osis. In  th e se  dogs 
th e  se ru m  b iliru b in  levels rem ained  u n c h a n g e d  and  no jau n d ice  ap p e a re d . 
The dogs w ere sacrificed  betw een  the  f if th  a n d  e ig h th  days. No gross o r m icro 
scopic signs in d ica tiv e  o f p an c rea titis  w ere fo u n d .
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F ig . 9 . F il lin g  of gallb ladder w ith  c o n tra s t  sub stan ce  in  a  dog on 3rd day  a fte r  o p e ra tio n  b y  
th e  m o d if ie d  procedure. Passage  o f  c o n tra s t  sub stan ce  th ro u g h  th e  open ch o lecy sto g astro sto m y

in to  th e  s to m ach

postoperative days

F ig . 10 . S e ru m  bilirubin  level a n d  i ts  sca tte rin g  in  dogs a f te r  th e  original an d  th e  m o d ified
procedure
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Discussion

In d u c tio n  of le th a l p an c rea titis  in  dogs b y  th e  m ethod  of H e r m a n n  and  
K n o w l e s  has been  p erfo rm ed . The gross f in d in g s  were, how ever, less severe 
th a n  th o se  described  b y  H e r m a n n  and  K n o w l e s , p a rticu la rly  th e  nec ro b io tic  
changes w ere less ex ten s iv e . The e x p la n a tio n  m a y  lie in th e  v a ry in g  response 
of m ongrel dogs to  ex p e rim en ta l in ju ry . I n  th e ir  recen t p ap er [8] also  these  
a u th o rs  describe less severe necrobio tic  ch an g es  th a n  in th e ir  fo rm e r paper.

T h e  m od ifica tio n  w as aim ed a t cau s in g  a tem p o ra ry  o b s tru c tio n  and  
a t  av o id in g  p ro tra c te d  jau n d ice . This is n o t  a t ta in e d  if  th e  ch o lecy sto g astric  
an astom osis becom es p a te n t  before th e  seco n d  or th ird  p o s to p e ra tiv e  day . 
I f  th is  h ap p en s  im m ed ia te ly  or sh o rtly  a f te r  o p e ra tio n , th e  bile f in d s  su ffic ien t 
o u tle t in to  th e  s to m ach  and  no reflux  o f a n  in c u b a te d  m ix tu re  o f  b ile  and  
p a n c re a tic  ju ice  in to  th e  p ancreas is possib le. I f  on th e  o th e r h a n d  th e  a n a s to 
m osis fa iled  to  open , th e  m odifica tion  w o u ld  h av e  no a d v a n ta g e  o v er the  
o rig inal m e th o d , in  o th e r  w ords, i t  w ould  in d u ce  p an crea titis  b u t  w ith  p e r
s is te n t ja u n d ic e . T he fa c t th a t  p a ten cy  o f th e  anastom osis is a t ta in e d  betw een  
th e  second an d  th ird  d ays was concluded  u p o n  from  various c ircu m stan ces . 
The se ru m  b iliru b in  level was increased  in  a ll o f th e  anim als b e tw e e n  the  
second an d  th ird  d ay s  w hich  is incom patib le  w ith  an  early  p a ten cy  o f th e  a n a s to 
m osis, in  w hich case em p ty in g  of bile w ou ld  h a v e  been ad eq u a te . D ecline of 
the  se rum  b iliru b in  level a fte r th e  second or th ird  day  in d ic a te d  th a t  the 
an astom osis h ad  becom e p a te n t. T he d ifference  in  th e  b ehav iou r o f  th e  serum  
b iliru b in  level in  th e  o rig inal and  m odified  m e th o d s  is rep resen ted  in  F ig . 10.

T he a u to p sy  fin d in g s also in d ica ted  t h a t  th e  anastom osis h a d  been 
opened  up  in  tw o or th re e  days. In  an  a n im a l w hich h ad  died 16 h rs  a fte r  
o p e ra tio n  th e  an asto m o sis  was closed w h ereas  in  all those w hich  h a d  died 
a fte r  th e  th ird  d a y , i t  w as in v a riab ly  p a te n t .

R e -la p a ro to m y  an d  X -ray s p erfo rm ed  in  a dog on th e  th ird  p o s to p e ra 
tive d a y  also fu rn ish ed  p ro o f of a fu n c tio n in g  anastom osis.

T he m odified  p rocedure  is su ited  fo r  th e  induction  of e x p e rim e n ta l 
p a n c re a titis  and  lends itse lf  to  th e ra p e u tic  s tu d ie s .
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NEUERE ANSCHAUUNGEN BEZÜGLICH 
DER DIAGNOSE UND DER THERAPIE 

DES PLASMOZYTOMS
V on

A . P a t a k f a l v i  und R . B a c k h a u s z

I . M E D IZIN ISC H E K L IN IK  (D IR E K T O R : PROF. DR. I . B A R T A ) D E R  M EDIZINISCHEN U N IV E R S IT Ä T , PÉCS 
U N D  IM PFSTO FFERZEU N G U N G S- U ND FO RSCH U N G SIN STITU T »HUM AN« (D IR EK TO R : D R . G . V E R E S ),

B U D A PEST

(E ingegangen am  19. J u l i  1966)

A n h a n d  de r an am n estisch en  D a te n  sow ie  de r K nochenm ark-, S e rum eiw eiß - 
u n d  H a rn b e fu n d e  bei 17 K ran k en  m it P la sm o z y to m  w erden die d iag n o s tisc h e n  K r ite 
rien , d ie U n te rsuchungsergebn isse  der A n tik ö rp e r-  S y n th ese  u n d  die th e ra p e u tis c h e n  Mög
lich k e iten  e rö r te r t.  I n  A n b e trac h t dessen, d a ß  d ie  Im m u n e lek tro p h o rese  in  f a s t  100%  
der F ä lle  ein positiv es R e su lta t  e rgab, w ird  d ie  B e d e u tu n g  dieser M ethode in  a ty p isc h e n  
u n d  o ly g o sy m p to m a tisch en  Fällen  b e to n t. D as P lasm o zy to m  m elde t s ich  h ä u fig  im  
B ild  des A n tik ö rp erm an g e lsy n d ro m s. D ie sch w ere  S tö rung  der A n tik ö rp e rsy n th e se  
k o n n te  in  f a s t  sä m tlich e n  Fällen  nachgew iesen  w erd en . D urch p ro p h y la k tisc h e  V er
abfo lgung  v o n  G am m aglobu lin  w aren g u te  E rg eb n isse  zu erzielen.

D ie V erv o llk o m m n u n g  der d iag n o stisch en  u n d  th e rap eu tisch en  M öglich
k e iten  h a t te  zu r F o lge , d aß  das P la sm o z y to m  w ieder im  V o rd e rg ru n d  des 
In te re sse s  s te h t. D ie E n tw ick lu n g  der E iw e iß fo rsch u n g , die k lin ische  A n w en 
du n g  d e r Im m u n e lek tro p h o re se  än d e rten  d ie k lassische  A uffassung u n d  e rm ö g 
lich ten  te ils  die frü h e  D iagnostiz ierung  d e r a ty p isc h e n  und  o ly g o sy m p to m a ti
schen F ä lle , te ils  die rech tze itig e  A n w endung  d e r  en tsp rechenden  B e h a n d lu n g .

D ie F rü h d iag n o se  des P lasm ozy tom s e rsc h w e rt außer den  n ic h t  se lten  
a ty p isch en , ir re fü h re n d en  B eschw erden au c h  d e r  U m stan d , daß  zw ischen  dem  
B eginn  d er E rk ra n k u n g  u n d  dem  A u ftre te n  d e r  S ym ptom e oft eine b e t r ä c h t
liche Z eit v e rg e h t. D ie D iagnostiz ierung  is t  a u c h  d an n  schw ierig, w en n  sich 
a n h a n d  d er A nam nese  d er V erdach t des P la sm o zy to m s erh eb t, d a  d a s  vo ll
en tw ick e lte  S y n d ro m  — P la sm aze llv e rm eh ru n g  im  K nochenm ark , o s te o ly ti
sche R a re fa k tio n , O steoporose, H y p e rp ro te in ä m ie , V erm ehrung d e r  G lobu lin  
fra k tio n , u n d  P a ra p ro te in u r ie  — n u r se lte n  v o rk o m m t.

A n h an d  d er e ingehenden  A nalyse d e r  an am n estisch en  D a te n  sow ie d er 
k lin ischen , L a b o ra to riu m s- und  R ö n tg e n b e fu n d e  in  17 P la sm o zy to m fä llen  
w ollen w ir a u f  die M öglichkeit und  N o tw e n d ig k e it d er F rühd iagnose  h inw eisen .

D er A nam nese  is t  eine w esentliche B e d e u tu n g  beizum essen. D ie  B e
schw erden  sind  zw ar h ä u fig  n ich t c h a ra k te ris tis c h , das gem einsam e A u ftre te n  
m ehrere r S y m p to m e k a n n  aber die D ia g n o s tiz ie ru n g  erle ich tern . I n  T ab e lle  I 
haben  w ir die in  den  versch iedenen  F ä llen  b e o b a c h te te n  In itia lsy m p to m e  bzw . 
jene B eschw erden  zu sam m engefaß t, die v o r  d e r  D iagnostiz ierung  des K ra n k -

5 * Acta Medica Academiae Scientiarum Hungaricae 24 , 1967



63 Л. PA TAK FALVI und R. BACKH A USZ

Tabelle I

K rankenm aterial

N r., N am e , 
A lte r ( J  ahre) Anamnese

Blut-
körper-

chen-
senkung-
(ml/St)

K nochenm arkpunk tat R öntgenbefund

1. J .  M . 55,
<J

K nochenschm erzen 110 P lasm azellen  -f~ 
R etik u lu m ze llen

osteolytische R a re - 
fak tion

2. A. T . K .
64, <?

K nochenschm erzen 130 P lasm azellen  -j- 
R e tik u lu m zellen

negativ

3. M. A . 69,
?

L ungenen tzündung  
(zweimal), K n o ch en 

schm erzen

160 zahlreiche P la sm a 
zellen

osteolytische R a re - 
fak tion

4. J .  L . 57,
$

K opfschm erzen 45 m äßige V erm eh ru n g  
de r P la sm azellen

osteoly tische R a re - 
fak tion

5. A. K . 52,
9

V erw irrthe it,
K nochenschm erzen ,
W irbelkom pression

150 zahlreiche P la sm a 
zellen

osteoly tische R a re - 
fak tion

6. G y . B . 37,
9

K nochenschm erzen 120 m äßige V erm eh ru n g  
de r P lasm azellen

osteolytische R a re - 
fak tion

7. J .  G. 55,
Í

B eschleunigte B lu t
k ö rperchensenkung

142 zahlreiche P la sm a- 
zellen

osteoly tische R a re - 
fak tion

8. J .  S ch . 60,
9

K nochen- u n d  
G elenkschm erzen

35 zah lre iche  P la sm a 
zellen

osteoly tische R a re - 
fak tion

9. M. Cs. 60,
<5

14mal L u n g en en t
zündung

80 zah lre iche  P la sm a 
zellen

geringe O steoporose

10. J .B .  65 ,
9

6m al L u n g en en t
zündung, b e sch leu 
nigte B lu tk ö rp e r
chensenkung

115 zahlreiche P la sm a 
zellen

negativ

11. G y.M . 58,
Í

4m al L u n g en en t
zündung, b esch leu 
nigte B lu tk ö rp e r
chensenkung

40 P lasm azellen  (10% ) O steoporose

12. K . D . 60,
9

4m al L u n g en en t
zündung, 5m al 
Sinusitis

140 zah lre iche  P la sm a 
zellen

negativ

13. I . Sz. 55,
9

Ischias-Syndrom 24 n eg ativ osteoly tische R a re - 
fak tion

14. K . R . 57,
9

K nochenschm erzen 140 zahlreiche P la sm a 
zellen

osteoly tische R a re - 
fak tion

15. S. M . 67,
<?

B eschleunigte B lu t- 
k ö rperschensenkung

160 m äßige V erm eh ru n g  
de r P lasm azellen

Osteoporose

16. J .  G . 56, 28mal L u n g en en t
zündung

145 zahlreiche P la sm a 
zellen

Osteoporose

17. J .  F . 63,
<?

K nochenschm erzen 5 zahlreiche P la sm a 
zellen

osteo ly tische R a re - 
fak tio n
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heitsb ildes eine ä rz tlich e  B eh an d lu n g  in d iz ie rten . Am h äu fig s ten  k a m e n  die 
w o h lb ek an n ten  G e len k se rk ran k u n g en  n ach ah m en d en  K n o ch en sch m erzen , W ir
b e lk o m pressionssym ptom e u n d  R ip p e n f ra k tu r  vor. Die in  der zw eiten  G ruppe  
d e r P a tie n te n  als In itia lsy m p to m e  V orgefundenen  versch iedenen  A tem w egs
in fek tio n en  (häu fige  B ronch itis , rez id iv ie ren d e  L u n g en en tzü n d u n g , S inusitis) 
le n k te n  den V e rd a c h t eher a u f e inen  p u lm o n a len  P rozeß  bzw . —• falls auch 
an d ere  V erän d eru n g en  zu b e o b a c h te n  w aren  — a u f eine K o lla g e n k ra n k h e it. 
D ie U rsache d e r häufigen  In fe k tio n e n  is t die s ta rk  v e rm in d e rte  A n tik ö rp e r
sy n th ese . W ir h a lte n  die B e to n u n g  d ieser E rsch e in u n g  auch desh a lb  fü r  w ich
tig , weil es in d e r P rax is  k au m  b e k a n n t is t, d aß  das P lasm o zy to m  au ch  infolge 
A n tik ö rp e rm an g e l a u f tre te n  k a n n . W ie d a ra u f  unsere U n te rsu c h u n g e n  hin- 
w eisen, k o m m t die schw ere S tö ru n g  d er A n tik ö rp e rsy n th ese  z u m e is t bei 
P lasm o zy to m  v o r. In  unsere  K lin ik  w u rd en  zw ecks K lä ru n g  d e r U rsach e  der 
s ta rk  g este igerten  B lu tk ö rp e rch en sen k u n g  m ehrere  P a tie n te n  eingew iesen. 
E in e  ex trem  hohe B lu tk ö rp e rch en sen k u n g  k a n n  auch allein a u f  P la sm o zy to m  
hinw eisen . Die G e s ta ltu n g  der B lu tk ö rp e rch en sen k u n g sw erte  k a n n  a b e r  v e r
sch ieden tlich  sein . Im  G egensatz  zu r frü h e ren  A uffassung, n a c h  d e r no rm ale  
B lu tk ö rp e rch en sen k u n g sw erte  das P la sm o zy to m  ausschließen , e n td e c k te  m an 
in  d en  le tz ten  J a h re n  das m ik ro m o lek u lä re  bzw . B ence Jo n essch e  P la sm o 
zy to m , bei dem  n o rm ale  oder m äß ig  geste ig erte  B lu tk ö rp e rch en sen k u n g sw erte  
v o rzu fin d en  sind . A u f die B esp rech u n g  des m ik rom oleku lä ren  P la sm o zy to m s 
w ollen w ir noch  zu rü ck k eh ren .

U nser im  fo lgenden  d a rg es te llte r  F a ll v e ran sch au lich t die d iag n o stisch en  
S chw ierigkeiten , die sich bei im  B ild  des A n tik ö rp e rm an g e lsy n d ro m s ersch e i
n e n d e n  P lasm o zy to m  ergeben.

Fall 1. M. Cs. (T ab . I, Fall Nr. 9). D er 6 0 jäh rige  P a tie n t  w urde zw ecks K lä ru n g  der 
g este igerten  B lu tsen k u n g  O kto b er 1964 an  unse re  K lin ik  aufgenom m en. L a u t de r A n am n ese  
w u rd e  P a tie n t  in den vergangenen  10 J a h re n  w egen m eh rm als  rezid iv ie ren d er L u n g e n e n tz ü n 
d u n g  in m ehreren  K ra n k en h ä u se rn  b e h an d e lt, b ronchoskop isch  w ar jed o ch  ke ine  lo k a le  V er
än d e ru n g  nachzuw eisen ; an h an d  dieser A ngaben  erhob  sich  der V erd ach t a u f  ein  m it P a ra - 
p ro te in äm ie  e inhergehendes A n tik ö rp erm an g e lsy n d ro m . W ichtigere  L a b o ra to riu m sb e fu n d e : 
B lu tk ö rp e rch en sen k u n g : 80 m m /S t, S e ru in -G esam teiw eiß : 6,98 g % , P ap ie re le k tro p h o re se : 
50% ige  G am m aglobu linverm ehrung . K n o c h e n m a rk p u n k ta t:  ch a rak te ris tisch es  P la sm o zy to m . 
D ie Zellen sind g rö ß ten te ils  kleine, reife P lasm azellen . A u f den Schädel- u n d  W irb e la u fn a h m e n  
sin d  keine  osteo ly tisch e  H erde ersich tlich . Im m u n e lek tro p h o rese : M y elo m -P ro te in -V erm eh - 
ru n g  y-T yps, s ta rk  v e rm in d erte s  /L -A -G lobulin , M angel des /?2-M -G lobulins. (A b b . 1.) A n tik ö r- 
p e r tite rb e s tiin m u n g  w urde  4m al d u rc h g efü h rt: D ie e rs te  U n te rsu ch u n g  ergab  a u ß e ro rd e n tlich  
n ied rige  W erte , a n läß lich  der le tz te n  2 B estim m u n g en  w ar der A n tik ö rp e r ti te r  p ra k tisc h  
n ic h t m eß b ar (T ab. II) .

Im  Z u sam m en h an g  m it d iesem  F a ll w ollen  w ir die im L au fe  von  10 
J a h re n  m ehrm als rezid iv ierende L u n g e n e n tz ü n d u n g , das F eh len  e in e r  lokalen  
L u n g en v e rän d eru n g  und  die auch  in  e n tzü n d u n g sfre ien  P erio d en  b esteh en d e  
geste igerte  B lu tk ö rp e rch en sen k u n g  h e rv o rh eb en . Die S y m p to m ato lo g ie  h ie lten  
w ir fü r  ein sich zu P a ra p ro te in ä m ie  gesellendes A n tik ö rp e rm an g e lsy n d ro m , 
als G ru n d k ra n k h e it kam  in e rs te r R eihe  P lasm o zy to m  in F rage . F a lls  die B lu t-
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Tabelle II

Immunbiologische A ngaben

A ntikörper
N orm ale T ite r

w erte 27. Nov. 1964 28. J a n . 1965 24. März. 1965 13. O kt. 1965

A n ti A  B lu tg ru p p e ; 44 _ _ _ _
A B  A n ti В 21 — — — —

S tap h y lo co ccu s a-
A n tito x in 0,93 I. E . 0,125 I. E . 0,125 I. E . 0,015 I. E . 0,156 I. E .

S. ty p h i ,  O-Agglutinin 14 - 8 + - 4 +

S. T y p h i Y i-A gglutinin 6 - — — —

Sh. f le x n e ri
1-A g g lu tin in 25 4 +  + 4 +  + 4 + —

Sh. f lex n e ri,
2 -A gg lu tin in 8 4 + + 4 +  + — —

Sh. f lex n e ri,
3-A g g lu tin in 38 4 + 8 + 4 + 4 +  +

Sh. son n e i, A gglutinin 7 - - — —

E . coli, 026
A g g lu tin in 16 — — — —

E . co li, 055
A g g lu tin in 8 — — — —

E . coli, 086
A g g lu tin in 7 — — — —

E . coli, 0111
A g g lu tin in 8 16 +  +  +  + 4 + —

S enkung  n ach  H e ilu n g  d e r  L u n g e n e n tz ü n d u n g  s ta rk  gesteigert b le ib t, m uß  
a u c h  die M öglichkeit des P lasm o zy to m s e rw ogen  w erden .

D es w eiteren  w o llen  w ir  die bei u n se ren  K ra n k e n  gestellten  p o sitiv en  
bzw . fa lsch  n e g a tiv e n  D iagnosen  b e k a n n tg e b e n  u n d  p ro zen tu a l b ew erten ; 
d iese  D a te n  w id ersp ieg e ln  d en  U m stan d , im  w elchem  M aße die e inzelnen  
S y m p to m e  fü r  das P la sm o z y to m  c h a ra k te ris tisch  sind .

Im  K n o c h e n m a rk p u n k ta t  w ar in  d e r M eh rzah l der Fälle  hochgrad ige  
P la sm aze llv e rm eh ru n g  v o rz u fin d e n . In  e in igen  F ä lle n  k o n n te  jedoch  a ty p isch e  
P la sm aze llw u ch e ru n g  b e o b a c h te t w erden : die Zellen  w aren  g rö ß ten te ils
R e tik u lu m ze llen ; m a n c h m a l kam en  — info lge d e r  herd fö rm igen  In f i l t ra t io n  
des K n o ch en m ark s  — n e g a tiv e  F eh ld iagnosen  v o r  (T ab . I). In  diesen F ä llen  
s in d  die m it der BABTELHEiMERSchen N ad e l d u rch g e fü h rte  K nochenb iopsie
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u n d  die histo logische U n te rsu c h u n g  des K n o ch en m ark s in d iz ie rt [1 ]; le tz tere  
U n te rsu ch u n g  e rm ö g lich t die E rk en n u n g  d er herd fö rm igen  W u c h e ru n g  des 
K n o ch en m ark s. I n  e inem  T eil u nsere r F älle  lag  led ig lich  eine m äß ig e  P lasm a
ze llverm ehrung  v o r. In  d er, ein  großes M ateria l b ea rb e ite n d en  S ta t is t ik  von 
G r o s s  u n d  B o c k  [2] sow ie S c h e u r l e n  [3] b e tru g  die P ro z e n tz a h l d e r fehler
h a f t  d iag n o stiz ie rten  n e g a tiv e n  F älle  2 7 % .  E in e r  fe h le rh a ften  positiven 
D iagnose k ann  die bei ch ro n isch er E n tz ü n d u n g , K o llagennekrose , K arzinom  
oder L y m p h g ran u lo m a to se  b eo b ach te te  re a k tiv e  P lasm aze llv e rm eh ru n g  zu
g ru n d e  liegen [4, 5].

Abb. 1. 1J. =  /J2-A -P ara  p ro te in  f-y -g lobu lin

F a ll 2. F ra u  I .  Sz. (T ab . I ,  N r. 13.) D ie 5 2 jäh rige  P a tie n tin  w u rd e  J a n u a r  1966 m it 
W irb e lk o m p ressio n ssy m p to m en  in  die N crvenk lin ik  e in gelie fert; v o ra n g eh e n d  w urde  sie 1 
J a h r  h in d u rch  w egen N eu ralg ie  b e h an d e lt, v o r 1/2 J a h r  l i t t  sie an  L u n g en e n tz ü n d u n g . In  
u n se re  K lin ik  w urde  sie zw ecks K lä ru n g  der m u ltip lex en  o s teo ly tisch en  O steo p o ro se  einge
w iesen. A n hand  de r a n g e fü h rte n  anam n estisch en  D a ten  erhob  sich  de r V e rd a c h t a u f  P lasm o
z y to m  bzw . T u m o rm e ta s ta se . L ab o ra to riu m sb e fu n d e : B lu tk ö rp e rch e n se n k u n g : 24 m m /1 St., 
Serum -G esam teiw eiß : 6,98 g % , P ap iere lek tro p h o rese : A lb u m in  4 1 % , G lo b u lin : a l 3 % , a 2 
1 8 % , ß  7 % , y  31% . H a rn : E iw eiß  + •  B e n c e —JoN ESsches E iw eiß  n e g a tiv . K n o ch en m ark 
p u n k ta t  (S ternum - u n d  K ris ta p u n k tio n ) :  n o rm aler B efu n d , stellenw eise m äß ig e  P lasm azell
v e rm eh ru n g . S ch äd elau fn ah m e: n e g a tiv . Z u sam m en b ru ch  d e r 3. u n d  4. B ru s tw irb e l, an  den 
W irb e ln , R ippen , S c h u lte rb lä tte rn , am  H u m eru s sowie a m  S itz- u n d  S ch am b ein  ausgedehn te  
o steo ly tisch e  R a re fak tio n . Im m u n e lek tro p h o rese : P a ra p ro te in b o g e n  v o n  Л -M o bilitä t und  
d e fiz ien te r A n tig en itä t. V e rm in d e rte s  G am m aglobulin . E tw as  v e rm in d erte s  /?2-A-G lobuIin. 
ß 2- M -G lobulin feh lt (A bb. 2). In  diesem  F all, in  dem  der K n o c h en m a rk b e fu n d  n ich t 
c h a ra k te ris tisch  w ar, w u rd e  d ie  D iagnose teils d u rch  den  o s teo ly tisch en  G ew ebsschw und, 
te ils  d u rc h  die Im m u n e lek tro p h o re se  gesichert.

D ie R ö n tg e n u n te rsu c h u n g  wies zum eist a u f  ty p isch e  V erän d eru n g en . 
I n  e in igen  F ä llen  fie l ab e r n e b s t au sg ed eh n ten  R a re fa k tio n e n  die Schädel
a u fn a h m e  n e g a tiv  aus. M anchm al w ar led ig lich  m äß ige  O steo p o ro se  zu be
o b a c h te n , einige U n te rsu c h u n g e n  ergaben  sogar vo llkom m en  n e g a tiv e  B efunde. 
D ie K n o c h e n v e rä n d e ru n g e n  e rgaben  — die o steo ly tisch en  A u flö su n g en  und  
d ie  O steoporose in b eg riffen  — in  e tw a  70%  d er F ä lle  ein  positives E rg eb n is  [6]. 
W ic h tig  is t die L o k a lisa tio n  u n d  H äu fig k e it d e r o steo ly tisch en  A uflösungen . 
I n  d ieser B eziehung  s in d  die E rgebn isse  von  G ü t h e r t  u n d  M ita rb . [7] leh r
h a f t ;  g en an n te  V erfasse r fan d e n  an läß lich  d e r S ek tion  von  49 M yelom fällen  
an  d en  v e rsch iedenen  K n o ch en  osteo ly tische  R a re fa k tio n e n : die d e r  H äufig 
k e it en tsp rech en d e  V erte ilu n g  v e ran sch au lich t T abelle  I I I .
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Tabelle III

Osteolytische Rarefaktion in 49 obduzierten  
Plasm ozytom -Fallen

Stelle de r Rarefaktion Zahl der Fälle

S te rn u m 45

F em u r 41

H u m eru s 34

R ip p en 33

S ch äd elk n o ch en 23

U n te ra rm 13

U n te rsch en k e lk n o ch en 9

A uffallenderw eise k o m m e n  S ch äd e lk n o ch en v erän d eru n g en  v e rh ä ltn is 
m ä ß ig  se lten  vor, w oraus fo lg t, d aß  ein v o llkom m en  n e g a tiv e r  S chäde lbefund  
die M ög lichkeit des P la sm o z y to m s  n ich t au ssch ließ t. F a ir l a y  u n d  M ita rb . [8] 
b e o b a c h te te n  in  einem  F a l l  a u c h  O steosklerose. A nsch ließend  sei b e to n t, daß  
a u c h  K arz in o m m e ta s ta sen , M akrog lobu linäm ie  u n d  in  e in igen  se lten en  F ä llen  
eo sin o p h ile s  K n o ch en g ran u lo m  m u ltip le  H erde  v e ru rsa c h e n  k ö n n en , so daß  
d iese  a lle in stehend  n ic h t v o n  p a th o g n o stisch em  W e rt sind.

D ie  P a ra p ro te in v e rm e h ru n g  v e ru rsach te  H y p e rp ro te in ä m ie  n u r  bei der 
H ä lf te  d e r  Fälle (Tab. IV ). D ie  P ap ie re lek tro p h o rese  w ar b e re its  c h a ra k te r is ti
sc h e r; e ine  bedeu tende G lo b u lin v erm eh ru n g  w ar h ä u fig e r  a u f dem  G eb ie t des 
G am m ag lo b u lin s , se lten e r a u f  d em  des B e tag lo b u lin s  v o rzu fin d en  (T ab . IV). 
E s  i s t  je d o c h  b e k a n n t, d a ß  d e r  norm ale e lek tro p h o re tisch e  B efu n d  die P a ra - 
p ro te in ä m ie  n ich t a u ssc h lie ß t u n d , daß au f M yelom  u n d  M akrog lobu linäm ie 
c h a ra k te ris tisc h e  p a p ie re lek tro p h o re tisch e  E rg eb n isse  auch  bei d y sp ro te in - 
ä m isc h e n  E rk ran k u n g en  (z. B . Z irrhose) V orkom m en [9].

D ie  im m u n e lek tro p h o re tisch e  U n te rsu ch u n g  e rgab  fa s t in  säm tlich en  
F ä lle n  e in  der D iagnose e n tsp rech en d es  R e su lta t. I n  diesem  Z u sam m en h an g  
e r h e b t  sich  die F rage , ob n ach w eisb ares  M yelo m p ro te in  u n d  M akroglobulin  
s te ts  M yelom  bzw. M ak ro g lo b u lin äm ie  b e d e u te n . S y m p to m a tisch e  P ara - 
p ro te in ä m ie  w urde n ä m lic h  in  zahlreichen K ra n k h e itsb ild e rn  b e o b a c h te t, 
ih re  B e d e u tu n g  ist jed o ch  g e rin g e r, als das v o n  e in igen  V erfassern  v e rm u te t 
w u rd e . I n  unserem  35 F ä lle  um fassenden  h äm a to lo g isch en  M ate ria l w aren 
in  1 F a l l  sogenannte id io p a th isc h e  /3a-A -P a rap ro te in äm ie  u n d  in  je  1 F a ll 
sy m p to m a tisc h e  P a ra p ro te in ä m ie  ß%-A- u n d  ß 3-M -T yps v o rzu fin d en . Die 
a n g e fü h r te n  D aten  sp re c h e n  d a fü r , daß in  o ly g o sy m p to m a tisch en  F ä llen  
d as  zuverlässig ste  d iag n o s tisch e  M ittel — n e b s t  d e r K n o c h e n m a rk u n te r
su c h u n g  — die Im m u n e le k tro p h o re se  ist.

P a ra p ro te in u rie  w a r  in  x/3 d er Fälle zu b e o b a c h te n . N ach  den  L i te ra tu r 
a n g a b e n  b e trä g t die H ä u f ig k e it  dieser E rsch e in u n g  8 —87 %  [10]; die E rk lä -
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Tabelle IV

Eiweißangaben des Gesamtmaterials

N r., Name, Alter 
( J  ahre)

Se-Geeamtei-
w eiß(g% )

Papierelektrophorese
(%)

Inimunelektro-
phorese

Bence—J  ones- 
sches Eiweiß

1. J .  M. 55

3

12,6 A.: 7,6

G.: 9,5 2,6 

1,4 79,6

— p o sitiv

2. Л .Т .  K . 64

3

9,75 A.: 16,9

G.: 1,8 73,9 

5,0 2,4

n e g a tiv

3. A. M. 69

9

12,2 A.: 31,6

G.: 9.4 5,3 

10,5 44.0

p o sitiv

4. J .  L . 57

9
7,63 A.: 45,0

G.: 4,2 22,0 

22,0 28,0
—

n e g a tiv

5. A. K . 52

9

9,00 A.: 8,4

G.: 1,2 2,7 

1,5 86,2

p o sitiv

6. Gy. B . 37

9

10,00 A.: 19,8

G.: 1,8 6,0 

7,3 65,1

n e g a tiv

7. J .  G. 55

3

10,92 A.: 23,5

G.: 4,0 67,3 

5,2

- n e g a tiv

8. J .  Sch. 6«

9
7,04 A.: 18,0

G.: 7,0 7,0 

7,0 61,0

I"G n e g a tiv

9. M. Cs. 60

3

6,98 A.: 33,0

G.: 4,0 7,0 

6,0 50.0

I gG n e g a tiv

10. J .  B. 65

9
9,06 A.: 41,0

G.: 2,0 8,0 

4,0 45,0

IgG n e g a tiv

11. Gy. K . 58

3

8,50 A.: 36,0

G.: 5,7 7,7 

7,0 43,6

IgG n e g a tiv
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Fortsetzsung der T abelle IV

N r .t N am e, Alter 
(Jah re )

Se-Gesamtei- Papierelektrophorese
weiß (g% ) (% )

Immunelektro
phorese

Bence—Jonee- 
sches Eiweiß

12. K .  D . 60

?

7,04 A.: 25,0

G.: 10,0 20,0 

20,0 25,0

IgA p o sitiv

13. I .  Sz . 55

Î

6,98 A.: 41,0

G.: 3,0 7,0 

1,8 48,2

IgG n e g a tiv

14. J .  R . 57

?

8,10 A.: 20,0

G.: 3,0 5,0 

7,0 65,0

IgD n e g a tiv

15. S . M. 67

â

7,60 A.: 36 0

G.: 5,0 28,0 

11,0 20,0

IgA p o sitiv

16. J .  G . 56

d

7,23 A.: 27,0

G.: 8,8 13,4 

12,6 37,9

IgG n e g a tiv

17. J .  F .  63

?

6,0 A .: 63,0

G.: 5,0 12,0 

10,0 10,0

0 p o s itiv

A .: A lb u m in  
G .: G lo b u lin

r u n g  d ie se r  u n te rsch ied lich en  D a ten  is t e in e rse its  das w ah rh aftig  u n te rs c h ie d 
lic h e  V orkom m en  der P a ra p ro te in u r ie , a n d e rse its  d er U m stan d , d aß  im  a llg e 
m e in e n  n u r  eine einfache K o ch p ro b e  d u rc h g e fü h r t  w ird , die in  e tw a  60 — 70 %  
d e r  F ä lle  ein positives E rg e b n is  liefert. D as B e n c e —Jonessche E iw eiß  k a n n  
a m  s ic h e rs te n  m it P a p ie r-  u n d  Im m u n e le k tro p h o re se  nachgew iesen w erd en . 
D ie  e lek tro p h o re tisch e  U n te rsu c h u n g  m uß  in  säm tlich en  F ällen  d u rc h g e fü h r t  
w e rd e n , zum al die p a ra p ro te in äm isch e  N ie re  au c h  die g ro ß m o lek u lä ren  E i
w e iß e  d u rc h lä ß t. B en ce— Jo n essch es E iw eiß  w u rd e  zw ar auch  bei M akro- 
g lo b u lin ä m ie  b eo b ach te t, n e b s t  der P a ra p ro te in ä m ie  is t es aber das c h a ra k 
te r is t is c h s te  Zeichen des P lasm o zy to m s.

I n  unserem  F a ll N r. 12 w ar b e d e u te n d e  A lbum inurie  v o rzu fin d en . M it 
d e r  e in fach en  K ochprobe k o n n te  kein  B en ce  — Jo n e s-P ro te in  nachgew iesen  
w e rd e n ;  der papier- u n d  im m u n e lek tro p h o re tisch e  B efund  zeig te je d o c h  
B e n c e — Jonessches E iw e iß  u n d  m it d em  S eru m -P a rap ro te in  id en tisch es  
P a r a p r o te in  /?2-A-Typs.
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A n h a n d  des G esagten  e rh e b t sich  die F ra g e  der d iagnostischen  K rite r ie n  
des P lasm o zy to m s. Die D iagnose k a n n  n u r  in  F ä llen  gestellt w erd en , in  denen  
m in d esten s  2 der an g efü h rten  S y m p to m e nachzuw eisen  sind; in  o ly g o sy m p to - 
m a tisch en  F ä llen  w ird  die D iagnose au ß e r d en  zy tom orpho log ischen  V e rä n d e 
ru n g en , in  e rs te r R eihe d u rc h  die Im m u n e lek tro p h o re se  gesichert.

A nsch ließend  w ollen w ir das zw ischen den  P a ra p ro te in e n  u n d  dem  
Im m u n g lo b u lin  b estehende  V erh ä ltn is  u n d  die V erte ilung  der P la sm o z y to m e  
a u f  G ru n d  der A n tig e n s tru k tu r  e rö r te rn  (T ab . V). In  unserem  M a te r ia l k am en  
v o rw iegend  P lasm ozy tom e y -T yps v o r, in  e in e r geringen A n zah l d e r  F ä lle  
w aren  P lasm ozy tom e /?2-A -Typs v o rzu fin d en  (F a ll 11). Selten k a n n  a u c h  ein

*■1

Abb. 2. Jj =  /?2-A -P ara  p ro te in  ß .,-A \-ß 2A  glob. y \ - y  glob.

d em  Ig D -Im m u n g lo b u lin  en tsp rech en d es  M yelom pro te in  nachgew iesen  w erd en  
(F a ll 14). D as B en ce—Jo n essch e  oder m ik rom oleku lä re  P la sm o zy to m  m a c h t 
e tw a  10%  d er G esam tfälle  aus. A n h an d  d er k lin ischen  u n d  L a b o ra to r iu m s 
b efu n d e  k ö n n en  y- u n d  /?2-A -P lasm o zy to m  n ic h t d ifferenziert w e rd e n ; das 
m ik ro m o lek u lä re  P lasm o zy to m  w eist jed o ch  im  V erhältn is  zu den  e rw ä h n te n

Tabelle V

Imm unelektrophoretische A ngaben

Im m unglobulin
Syno
nym Pathologisches Eiweiß M olekulargewicht Sedimentation

E lektrophoretische
W anderung

y -G lobulin IgA. M yelom -G lobulin 160 000 6,6 s . lan g sam es y-  
G lo b u lin

/S2-A -G lobulin IgA. M yelom -G lobulin 160 000 7S, 10S, 14S ß

/?2-M -G lobulin IgM. M akroglobulin 1 000 000 19S, 24S, 32S sch n e lles ß- 
G lo b u lin

IgD

yu Bence — Jo n es 
P ro te in

45 000 2S
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T y p e n  abw eichende E ig e n sc h a fte n  auf, die a n h a n d  der von S c h e u r l e n  [3] 
v e rö ffe n tlic h ten  10 F ä lle  in  Tabelle V I d a rg e s te ll t  s in d  (Tab. V I).

Tabelle VI

D ifferentialdiagnostische Zeichen

Laborbefunde B. J.-Plazm ozytom y -  und /3-A-Plasmozytom

B lu tk ö rp erch en sen k u n g norm al oder 

m äßig erh ö h t
s ta rk  erhöht

Se-G esam teiw eiß norm al oder 

verm indert

e rh ö h t

M. g ra d . fe h lt nachw eisbar

P ap iere lek o tro p h rese Hypogam m a-

globulinämie

H ypergam m aglobulinäm ie

B e n c e — Jo n es P ro te in  im  H a rn obligates Zeichen in  50%  der Fälle  n achw eisbar

B en ce  — Jo n e s  P rote in  

in  S eru m

m eistens nach w eisb ar n e b s t y- und  ß-A -G lobulin  

nachw eisbar

D es w eiteren b e sc h re ib e n  wir einen u n s e re r  F älle  vom  B ence — Jo n es
T y p :

F all. 3. F rau  J .  F . (T ab . I ,  Fall 17.) D ie 6 3 jä h rig e  P a tie n tin  w urde zw ecks K lä ru n g  
d e r  L en d engegendschm erzen  aufgenom m en . V o ran g eh en d  s ta n d  sie wegen O steoporose  u n te r  
B e h an d lu n g . B lu tk ö rp e rch e n se n k u n g . 5 mm/1 S t., E ry th ro z y te n z a h l:  4 100 000, L eu k o z y te n 
zah l: 3 400, qu a lita tiv es B lu tb i ld :  Eosinophil: 2 % , S e g m en t: 3 0 % , L y m p h o zy t: 5 8 % , P la sm a 
zelle: 1 0 % . S eru m -G esam teiw e iß : 6 ,0% . P ap ie re !ek tro p h o re se : A lbum in 6 3 % , G lobulin : 
a i 3 % , ct2 10% , ß 12% , y  1 0 % . H a rn : B ence—Jo n e ssch e s  E iw eiß  positiv . S te rn u m p u n k ta t:  
w esen tlich e  P lasm aze llv e rm eh ru n g . Schädel-, W irb e lsäu le -R ö n tg e n au fn a h m e: au sd rü ck lich e  
O steo p o ro se . R ip p en -S ch u lte rb la ttau fn a h m e : o s te o ly tisc h e  R a re fak tio n . Im m u n e lek tro p h o 
rese : y -G lobulin  e tw as v e rm in d e r t ,  jö2-A -G lobulin n o rm a l, /32-М -G lobulin in  S p u ren , ßi-C - 
G lo b u lin  ve rm eh rt.

D ie E n ts te h u n g  des A n tik ö rp erm an g els  b e i P lasm ozy tom  k a n n  m it dem  
U m s ta n d  e rk lä rt w e rd en , d a ß  sich s ta t t  Im m u n g lo b u lin  P a rap ro te in e  b ilden . 
Z u m  N achw eis des A n tik ö rp e rm an g e ls  e ig n e t sich  die P ap ie re lek tro p h o rese  
n ic h t , das Bild k a n n  e h e r  irre füh rend  sein , d a  tro tz  der m it den G lobu linen  
g em ein sam  w a n d e rn d en , e in e  hohe Spitze e rg e b e n d e n  pathologischen  E iw eiße 
die Im m ung lobu line  v e rm in d e r t  sind oder v o llk o m m en  fehlen. Die D iffe ren 
z ie ru n g  der Im m u n g lo b u lin e  von den M yelom eiw eißen  und  M akrog lobu lin 
p ro te in e n  w ird d u rch  d ie  Im m u n e lek tro p h o re se  erm öglich t. A uf A n tik ö rp e r
m a n g e l w eist das F e h le n  o d e r die starke  V e rm in d e ru n g  von 3 oder 2 Im m u n 
g lo b u lin en  hin. M a n c h m a l k o m m t auch iso lie r te r  Im m u n g lo b u lin m an g e l v o r 
[12]. Z u r U n te rsu ch u n g  d e r  A n tik ö rp e rsy n th ese  d ien en  2 V erfahren : a )  bei der
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ak tiv en  Im m u n is ie ru n g  w ird  nach  V erab fo lgung  v o n  T y p h u s- bzw. D ip h th e r ie -  
A ntigen  der A n tik ö rp e rsp ieg e l bestim m t. D as V erfah ren  is t schw erfällig  u n d  
wegen der h e ftig en  lo ka len  u n d  allgem einen R e a k tio n e n  auch n ich t u n g e fä h r 
lich; b)  beim  in d ire k te n  V erfahren  w erden  hom ologe A n tikö rper gegen  im  
m enschlichen  O rg an ism u s häu fig  v o rk o m m en d e  A ntigene  gem essen [12, 13]. 
Falls die u n te rsu c h te n , erw orbenen  und  I s o a n tik ö rp e r  fehlen oder v o n  n ie d r i
gem  T ite r  s ind , b e s te h t  v e rm in d erte  A n tik ö rp e rp ro d u k tio n . Die A n tik ö rp e r 
b estim m u n g  w u rd e  m it der M ikrom ethode n a c h  T a k a t s y  [14] m it p a ss iv e r  
H äm a g g lu tin a tio n  d u rch g e fü h rt.

D ie U n te rsu c h u n g e n  w urden  bei 11 K ra n k e n  vorgenom m en: M it
A usnahm e 1 F a lle s  Avar in  säm tlichen  F ä llen  eine  scliAvere S tö rung  d e r A n ti
k ö rp ersy n th ese  n achzuw eisen  (Tab. V II) , Avas k lin isch  in  häufigen  A tem w eg s
in fek tionen  zum  A u sd ru ck  kam . In  3 F ä llen  s ta n d e n  jah re lan g  die k lin isch en  
S ym ptom e des A n tik ö rp e rm an g e ls  im  V o rd e rg ru n d , ohne daß  die G ru n d 
k ra n k h e it e rk a n n t geAvesen w äre. Die H ä u f ig k e it  der A tem w egsin fek tionen  
v e ran sch au lich en  fo lgende D a ten : 3 K ran k e  (F a ll N r. 16, 9 und  12) l i t te n  
im  V erlau f von  8, 10 bzw . 6 J a h re n  28-, 14- bzw . 4 m al an  L u n g en en tzü n d u n g , 
in  F a ll 12 k am en  in  d e r A nam nese auch 6 N a se n n eb en h ö h len en tzü n d u n g en  
vor. D ie S ch äd ig u n g  d e r A n tik ö rp e rsy n th ese  v e rb re ite te  sich fast au sn ah m slo s 
a u f alle 3 A n tik ö rp e rty p e n . A uffallend w ar die zw ischen  der Schwere des P ro 
zesses und  d er v e rm in d e rte n  A n tik ö rp e rsy n th ese  nachw eisbare  P a ra l le l i tä t  
(Tab. I I ,  V I I I ) .  V o llkom m ener A n tik ö rp e rm an g e l sp rich t fü r e in en  f o r t 
gesch ritten en  P ro zeß .

D iffe ren tia ld iag n o stisch  kom m en bei P la sm o z y to m  bek an n tlich  rh e u m a 
tische E rk ra n k u n g e n , T u m o r, N ep h ro se-S y n d ro m  usw. in  F rage . S e it die 
K o llag en k ran k h e it allgem ein  b e k a n n t w u rd e , w ird  das P lasm ozy tom  w egen 
der re ichen  S y m p to m ato lo g ie  (beschleunigte B lu tk ö rp e rch en sen k u n g , A n äm ie , 
F ieber, G elenksbeschw erden , N ieren sy m p to m e, Serum eiw eißabA veichungen, 
usw .) n ich t se lten  als eine K o llag en k ran k h e it b e h a n d e lt. 3 unserer P a t ie n te n  
w urden  m it d e r D iagnose einer n ich t d iffe ren z ie rten  K o lla g e n k ra n k h e it 
längere Z eit b e h a n d e lt. In  fraglichen F ä llen  Avird die D iagnose d u rc h  die 
K n o c h e n m a rk p u n k tio n  u n d  die Im m u n e lek tro p h o re se  gesichert.

Schließlich  w ollen  Avir ku rz  über die T h e ra p ie  b e rich ten . Die R ö n tg e n 
b es trah lu n g  is t  n u r  im  F alle  a u ß e ro rd en tlich  schw erer K no ch en sch m erzen  
ind iz ie rt. D ie W irk u n g  e in iger, frü h er a n g e w a n d te r  M edikam ente S tilb a m i
d in , U re th a n , Ö stro g en  is t gering u n d  z u m e is t n u r  pa llia tiv . Z y k lo p h o s- 
p h a in id  u n d  M elp h a lan  sichern  bereits bessere E rg eb n isse  [15, 16]. D ie Z yk lo - 
p h o sp h am id th e rap ie  w ird  m it einer in tra v e n ö se n  S to ß b eh an d lu n g  (10 30
m g/kg K örp erg ew ich t 3 -  12täglich , in sg esam t 10 g) eingeleite t, so d an n  w ird  
als E rh a ltu n g sd o se  p e ro ra l 150—200 m g/T ag  v e ro rd n e t. M elphalan w ird  5 — 6 
W ochen h in d u rc h  v e ra b re ic h t und  zw ar 30 — 50 m g/W oche. Die besten  E rg eb n isse  
Avarén in  F ällen  zu  v e rze ichnen , in denen die Z y k lo p h o sp h am id - bzw .M elphalan -
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Tabelle IV
Angaben der A ntikörper

Antikörper
Normale
Titer
werte

Name, Alter (Jahre), Blutgruppe

J. B. 65
9
A

M. Ce. 60
<?

AB

K. D. 60 
9 
0

K. R. 57
9
0

J. S. 64
9

AB

I.Sz. 55 
9 
0

Gy. M, 58
<J
В

S. M. 67* P. F. 58
<? c?
В В

J. G. 56 

О

J. F 63
9

AB

A n ti A 44 — — — 8 +  +  + — 4 +  +  +  + 8 +  + + + 4 +  +  + 64 +  + 4 + __

A n ti В 21 8 + + — 1 6 + + 4 +  + — 4 + — 8 +  + — 16 + —

S tap h ylococcus
a îfa -A n titox in 0,93iE 0,25 0,015 0,5 0,75 0,5 0,25 0,38 1,0 0,5 9,75 0,68

S. ty p h i, 0 -  
A gglu tin in 14 4 + _ 4H—M —h _ 4 +  + 8 +  4—f- _ 8 +  + 3 2 + 4 + —

S. ty p h i, V i- 
A gglu tin in 6 4 + _ _ _ _ _ _ 4 +  +  + __ —

Sh. f lex n er i, 
1-A gglutin in 25 4 + 4 + _ 4 + 4 + + 4 +  + _ 4 + + + 16 + _ —

Sh. flex n er i, 
2-A gglu tin in 8 4 +  +  +  + 4 + + + + 4 + 4 + +  + _ 4 +  +  +  + 8 + _ —

Sh. flex n er i, 
3-A gglu tin in 38 4 +  +  +  + 4 + 4 +  + 4 + _ _ 8 +  +  + 8 +  + 4 +

•

Sh. sonnei, 
A gglu tin in 7 _ _ _ _ _ 4 + +  +  + 3 2 +  + _ 4 +  +  +

E . clo i 026 
A gglu tin in 16 4 + + 4 +  +  +  + _ 4 + + _ 4 + 8 + + 8 +  +  + 8 + —

E . co li 055  
A gglu tin in 8 4 ± 4 +  +  +  + _ _ _ _ 4 + + 8 +  +  + _ 16 +  +

E . coli 086 
A gglu tin in 7 4 + 4 +  + _ 4 +  +  +  + _ _ 4 + 1 6 + _ —

E . coli 0111
A gglutin in 8 4 + - J 4 +  4- - — - 4 + 16 + — —

oo

>

PA
T

A
K

FA
L

V
I und R

. 
B

A
C

K
H

A
U

SZ
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Tabelle V III

Veränderungen der A nlikörpenverte

Antikörper
Normule Titer- Titerw erte

werte
19. 6. 1965 30. 9. 1965 16. 12. 1965

A n ti A  B lu tg ru p p e : 0 44 64 + 8 +  + 8 +  +
A n ti В 21 8 + — —

Staphy lococcus — A n tito x in 0,93 iE 0,51 0,187 0,38

S. ty p h i,  O-Agglutinin 14 4 + — -

S. ty p h i,  V i-A gglutinin 6 — 4 + —

Sh. f le x n e ri 1-A gglutinin 25 8 +  +  +  + 8 +  + —

Sh. f lex n e ri 2-A gglutinin 8 4 + 4 +  + -

Sh. f le x n e ri 3-Agglutinin 38 8 +  + 4 +  +  + —

Sh. so n n e i, A gglutinin 7 4 +  + 8 +  + —

E . coli 026, A gglutinin 16 4 +  +  + — 4 +

E . coli 055, A gglutinin 8 4 ± - —

E. coli 086, A gglutinin 7 4 ± - —

E . coli 0111, A gglutinin 8 — — —

In it ia lb e h a n d lu n g  m it P red n iso lo n  u n d  an ab o lisch em  H orm on  e rg ä n z t w u rd e . 
D ie T agesdose des P red n iso lo n s b e tru g  10 — 15 m g, die des an ab o lisch en  H o r
m ons 3 x 2 5  m g. In  d er B ek äm p fu n g  der In fe k tio n e n  b e d e u te t die A n w en d u n g  
des y-G lobulins einen  F o r ts c h r i t t .  D ie V erab fo lgung  einer en tsp re c h e n d en  
y-G lobulin-D osis sich e rt 3 —4 W ochen  h in d u rc h  einen  e n tsp rech en d en  A n ti
kö rpersp iege l. W ir v e ro rd n en  un seren  P a tie n te n  m it schw erem  A n tik ö rp e r 
m an g e l m o n atlich  eine y -G lo b u lin -B eh an d lu n g . Die b isherigen  E rg eb n isse  
s ind  v ie lv ersp rech en d , es sch e in t, daß  m it H ilfe  des y-G lobulins, n e b s t  e n t 
sp rech en d e r K o n tro lle , die In fe k tio n e n  fa s t  vo llkom m en  e lim in ie rt w erd en  
k ö n n en .
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ÜBER HYPERTONISCHE KLEINHIRNBLUTUNGEN

Von

G y . P o o r

N EU ROLOG ISCH-PSYCH IA TRISCHE K L IN IK  D E R  M ED IZIN ISC H EN  UNIV ERSITÄ T, PÉCS 

(E ingegangen  a m  19. J u l i  1966)

1. Q uelle der K le in h irn b lu tu n g en  v o n  H y p e rto n ik e rn  scheinen d ie d e n  N u c leu s 
d e n ta tu s  verso rg en d en  Zweige der A rté ria  cereb elli superio r zu sein. D ie  F e s ts te llu n g  
v o n  A . - T h o m a s  (1925), n ach  w elcher im  K le in h irn  de r A rt. nuclei d e n ta t i  d ie  g leiche 
B e d eu tu n g  z u k o m m t wie im  G roßh irn  de r A r té r ia  len ticu lo stria ta , w ird  d u rc h  u n se 
re  F ä lle  b e s tä tig t.

2. D ie h y p e rto n ieb ed in g ten  m asse n h a fte n  B lu tu n g en  erscheinen im  K le in h irn  
in  zwei V orm en , u . zw. in  einer m assiv  z e rs tö re n d e n  u n d  in  einer die w eiße  S u b s ta n z  
d issez ierenden  »linearen« Form .

3. D ie h isto logischen B efunde e rla u b en  Sch lüsse  a u f  den P a th o m e c h an ism u s  der 
B lu tu n g sen ts te h u n g .

4. In  u n se rem  M ateria l von m assiven  h y p e rto n ieb ed in g ten  K le in h irn b lu tu n g e n  
k o n n te  d ie L okald iagnose sy m p to m a to lo g isch  n ic h t  gestellt w erden.

D ie sp o n ta n e n  K le in h irn b lu tu n g en  w erd en  in  der L ite ra tu r  als S e lte n h e it 
b e h a n d e lt. Ch rast  u n d  N e d b a l  v erfü g en  ü b e r  23, R e y  B e l l e t  ü b e r  20 
S ek tio n sfä lle . D ie e rs te  M itte ilung  ü b e r e in en  d u rch  ch iru rg ischen  E in g riff  
g eh e ilten  F a ll sp o n ta n e r  C e reb e lla rb lu tu n g  s ta m m t von K rön  u n d  M intz  
(1927).  10 J a h re  sp ä te r  leg te  T o r k i l d s e n  se in en  F a ll vor. W ohl d e r  E n tw ic k 
lu n g  d e r  R adiologie u n d  d er ch iru rg ischen  T e c h n ik  is t es zu v e rd a n k e n , d aß  
d a n a c h  die L ite ra tu r  der cerebellaren  B lu tu n g e n  schnell w uchs. 1947  b e r ic h 
te te n  L e  B e a u  u n d  F e l d  ü b e r 2, 1948 S irxs u n d  B e ller  über 1, 1950  F e r e y  
ü b e r 3 , 1959 A r s e n i  u n d  O p r e s c u  ü b e r 6 , 1960  P e ba tsc h e n k o  ü b e r  4 , in  
dem selben  J a h r  M cK isso ck , R ic h a r d so n  u n d  W a lsh  über 23 F älle .

D ie A ngaben  bezüglich  des V erh ä ltn isses  zu r G esam tzahl d e r  H irn 
b lu tu n g e n  sin d  seh r versch ieden  (bei Ch a r c o t  9, bei S c h r ö d e r  1,8 , bei 
W it t e  5,4, bei Ch r a s t  u n d  N e d b a l  6,4, be i R e y  B e l l e t  10, bei A r s e n i  u n d  
O p r e s c u  17,1% ). D as S ek tio n sm ate ria l u n se re r  K lin ik  aus den J a h r e n  1954 — 
65 e n th ä l t  14 m assive sp o n tan e  C ereb e lla rb lu tu n g en , eine Z ahl, d ie  5 ,0 1 %  
sä m tlic h e r  o b d u z ie rte r  h y p e rto n ie b e d in g te r  G eh irn b lu tu n g en  e n ts p r ic h t.

I n  allen  14 F ä llen  h an d e lte  es sich u m  eine isolierte C e reb e lla rb lu tu n g . 
S te ts  w a r  d er v o rd e re  obere Teil u n d  die U m g e b u n g  des Nucl. d e n ta tu s  d u rc h  
den  B lu te rg u ß  geschäd ig t. H ieraus ließ  sich  sch ließ en , daß die B lu tu n g  au s  d er 
den N ucleus d e n ta tu s  verso rgenden  A rt. n u c le i d e n ta ti, einem  A s t d e r  A rt. 
cerebelli su p erio r, ausging. Säm tliche  F ä lle  s te llen  m ith in  p rim äre  D e n ta tu m -  
b lu tu n g e n  d a r. D ie B lu tu n g  b rach  n a c h  S ch äd ig u n g  eines m ehr o d e r w en ig er
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a u sg e d e h n te n  D e n ta tu m a b sc h n itts  in  die M a rk su b ç tan z  ein, in  der sie sich 
v o n  d e r  L o k a lisa tio n  ih re r  U rsp rungsste lle  a b h ä n g ig  verschieden v e rh ie lt.

W ir k o n n te n  fe s ts te llen , daß  die m assiv e  C erebellarb lu tung  in  zwei 
c h a ra k te ris tisch e n  F o rm e n  a u f tr i t t  (A bb. 1). B ei der ersten  F o rm  is t  die 
M a rk su b s ta n z  d er H em isp h ä re  in  g roßer A u sd e h n u n g  schw er g esch äd ig t. 
Bei d e r zw eiten  w ird  die w eiße S ubstanz  »linear« d issez iert. Zehn u n se re r  F älle  
g e h ö rten  dem  e rs ten  T y p  an . D ieser w ird  a u ß e r  d er schweren P a re n c h y m 
z e rs tö ru n g  d u rch  Ü berg re ifen  au f die G egenseite  u n d  durch E in b ru ch  in  die

Abb. 1. Z w ei T y p en  de r K le in h irn b lu tu n g en . O ben: m ass iv  zerstö render T y p , u n te n :  disse-
zierender »linearer« T y p

L iq u o rrä u m e  c h a ra k te ris ie r t. D er E in b ru c h  e rfo lg te  in 6 Fällen  in  d en  IY . 
V e n trik e l, d er in  zw eien d ieser Fälle  gänz lich  m it  B lu t ausgefü llt w ar. I n  2 
F ä llen  d ra n g  die B lu tu n g  an  d er O berfläche des K le in h irn s  in den su b a rach n o i-  
dealen  R a u m  h in e in , w ä h re n d  in  2 F ä llen  e in  D u rch b ru ch  sow ohl in  den  
V e n trik e l als auch  in  den  su b arach n o id ealen  R a u m  erfolgte. In  allen  u n se re n  
F ä lle n  v e rd rä n g te  d e r B lu te rg u ß  den V erm is z u r Gegenseite. E s w a r  u ns 
je d e sm a l m öglich , den  ex p an siv en  C h a rak te r  d e r  B lu tu n g  in  der E in k le m m u n g  
der T o n sillen  zu e rk en n en , die au f der Seite d e r  B lu tu n g  in tensiver w ar. I n  den 
F ä llen  v o n  T y p  1 b re ite te  sich  der B lu te rg u ß  im  V erm is superior in  v e rsc h ie d e 
n e r A u sd eh n u n g  a u f  die G egenseite aus (A bb . 2).

D ie m assiv  z e rs tö ren d e  A usb re itu n g  (T y p  1) w ird  b eg ü n stig t be i A u s
g a n g sp u n k t d er B lu tu n g  im  orodorsalen  T eil des N ucleus d en ta tu s . I n  so lchen  
F ä llen  s tö ß t  die B lu tu n g , nachdem  sie d en  N u c leu s d en ta tu s  d u rc h b ro c h e n  
h a t , im  F a se rsy s te m  d e r F ib ra e  sem icircu lares e x te rn a e  au f einen V erh ä ltn is 
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m äß ig  großen  W id erstan d , da diese se n k re c h t a u f  die E x p a n s io n sric h tu n g  
d e r B lu tu n g  verlau fen . J e  n ach d em , ob die B lu tu n g  m edial o d e r la te ra l  be
g in n t, b r ic h t sie d an n  in  den V en trik e l oder in  den  su b arach n o id ealen  R a u m  ein.

W enn  die B lu tu n g  vom  H ilus des N ucleus d e n ta tu s  ausgeh t, k a n n  sie v en 
t r a l  u n d  k a u d a l zw ischen die p ara lle l v e rlau fen d e  sub lobu läre  F a se ru n g  u n d  die 
F ib ra e  sem icircu lares ex te rn ae  e in d rin g en  u n d  sich zwischen ih n en  in  lineare r 
F o rm  T yp  2 fo rtp flan zen . So k a n n  sie ohne s tä rk ere  M assenschäd igung  
u n d  o hne  einen s tä rk e ren  W id e rs tan d  zu  f in d e n , in  den su b arach n o id ea len  
R au m  oder in den IV . V en trike l e inb rechen .

Abb. 2. В. I. 65 J a h re  a lt. <J. H y p e rto n ie  se it d re i J a h re n  b e k an n t. Ic tu s  von  P ro d ro m e n  ein
g e le ite t. B ei der E in lieferung  bew ußtlos. R R : 220/140 m m H g. Spastische Z eichen  b e iderse its . 
L iq u o r b lu tig . In  24 S tu n d en  ex itu s. — D er B lu te rg ru ß  b re ite t  sich durch  den  V erm is  superio r

a u f  d ie G egenseite  aus

W elche der zwei B lu tu n g s ty p en  sich a u sb ild e t, lä ß t sich a b e r keinesw egs 
d u rch  die m echanischen  F a k to re n  e rk lä re n , d e ren  B edeu tung  zw ar aus dem  
m orpho log ischen  B ild unzw eife lhaft h e rv o rg e h t. Es w äre u n r ic h tig , den 
k o m p liz ie rten  patho log ischen  V organg , d e r sich  bei dem  A u ftre te n  u n d  der 
A u sb re itu n g  einer B lu tu n g  in  d er H irn su b s ta n z  vollz ieh t, a u f  eine so v e re in 
fa c h te  W eise e rk lä ren  zu wollen. D ies sowie d e r M assenun tersch ied  zw ischen 
den  zwei B lu tu n g s ty p en  e rfo rd e rte , d aß  w ir u ns m it dem  E n ts te h u n g sm e c h a 
n ism u s d e r  B lu tu n g  eingehender befassen .

Histologisch s te llten  w ir an  den G efäßen  der K le in h irn su b s ta n z  in 
5 F ä llen  eine fe ttig e  E n ta r tu n g  der M edia fe st. In  4 dieser F älle  e rw iesen  sich 
auch  die p ia len  G efäße in  gleicher W eise v e rä n d e r t . In  2 F ä llen  fa n d e n  wir 
eine F ib ro se  d er k leinen G efäße, in  einem  F a ll eine ausgesprochene I n t im a 
p ro life ra tio n , in  2 F ällen  eine E k ta s ie  d er P iag efäß e . Im  allgem einen  b e s ta n d
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also e in e  schw ere E rk ra n k u n g  d er A rterio len . D ie G efäßw andnekrose , die w ir 
h a u p tsä c h lic h  im  m assiv en  B lu te rg u ß , ab er a u c h  in  den k leineren  akzesso
risch en  B lu tu n g en  d e r  R a n d te ile  fanden, is t als se k u n d ä re  V erän d eru n g  au f
zu fa sse n ; sie k o m m t info lge d e r schädigenden  W irk u n g  des B lu tes zu s ta n d e . 
G e fäß m iß b ild u n g en  w aren  in  keinem  F a ll m it  S icherhe it e rk en n b ar. W ir 
h a b e n  u n se re  Fälle  se rien m äß ig  n ic h t b e a rb e ite t; in  ke in em  der E in z e lp rä p a ra te  
w a r e ine  G e fä ß ru p tu r  w ah rzu n eh m en .

Abb. 3. Z usam m enfließen  v o n  B lu tu n g sh erd en  im  la te ra le n  u n d  v en tra len  A b sc h n itt  des 
N u c leu s d e n ta tu s  u n d  v e n tra l  davon  (P ic k w o r t h s  B enzidin-M ethode). 4 X

D  as S tu d iu m  des B lu te rg u sses  und  se iner U m g eb u n g  unserer F ä lle  v o n  
T y p  2 e rg ab  besonders w e rtv o lle  A ufschlüsse. In  d e n  v ie r  Fällen  dieses dissezie- 
re n d e n  »linearen« T y p u s  w a r  d er B lu terguß  n ic h t  hom ogen; m ik ro sk o p isch  
ließ en  sich  in ihm  v o n  in ta k te n  S u b stan z te ilen  u m grenzte  k leine, ru n d e  
B lu tu n g sh e rd e  e rk en n en . Solche befanden  sich fe rn e r  n ic h t n u r am  A u ß e n ra n d  
des B lu te rg u sses , so n d e rn  a u c h  w eiter e n tfe rn t (A b b . 3); in  einem  F a ll w aren  
sie im  V erso rgungsgeb ie t d e r  fü r  die B lu tu n g  v e ra n tw o rtlic h en  A rt. cerebelli 
su p e rio r  sow ohl in  d e r w eißen  S ubstanz als a u c h  in  der R inde v o rh a n d e n . 
E in e n  F a ll  dieses T y p s  u n te rsu c h te n  w ir in  PiCKWOBTHschen B en z id in 
p r ä p a r a te n ;  w ir sah en  re ich lichere  K ap illa ren ze ich n u n g  der U m gebung  d er 
B lu tu n g  sowie B lu ta u s tr i t t  au s  den K ap illa ren , d e re n  L agerung  im  N ucleus 
d e n ta tu s  dem  ra d iä re n  V e rla u f  der kleinen G efäße  e n tsp rach  (A bb. 3 u n d  4). 
D as h isto log ische  B ild  u n te r s tü tz t  also die A n n a h m e , daß  die d issez ierende 
»lineare« B lu tu n g sfo rm  d u rc h  Z usam m enfließen  v o n  D iap ed eseb lu tu n g en
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e n ts te h t . Die D iapedesen  d ü rf te n  bei e in e r  n ic h t n äh e r e rk lä r te n  G efäßkrise  
an  den  pathologisch  v e rä n d e r te n  G efäßen  erfolgen.

D iese E rgebn isse  d e r h isto log ischen  U n te rsu c h u n g  lassen es u n s  m öglich 
erscheinen , daß  d er T y p  d e r sp o n ta n e n  K le in h irn b lu tu n g  in  e r s te r  Linie 
d u rch  ih re  E n ts te h u n g s a r t  b ed in g t ist. D a m it soll keinesw egs g e sa g t w erden , 
d aß  die zwei B lu tu n g s ty p e n  d ire k t von  zw ei versch iedenen  E n ts te h u n g s a r te n  
h e rrü h re n , daß  also d er m assiv  ze rs tö ren d e  T y p  1 a u f G rund  e in e r  R u p tu r  
u n d  die dissezierende lin ea re  F o rm  per d iap éd esim  zustan d e  k o m m e. U nsere

Abb. 4. B lu ta u s tr i t t  u m  ra d iä r  v e rlau fen d e  K a p illa re n  im  N ucleus d e n ta tu s  ( P ic k w o r t h s
B enzid in-M ethode). 64 X

B efunde bek räftig en  jed en fa lls  die A nnahm e d e r  E n ts te h u n g  von  a u sg e d e h n te n  
B lu tu n g en  per d iapedesim . D iese E n ts teh u n g sw eise  is t fü r den  d issez ie ren d en  
lin ea ren  T yp  am  w ah rsch e in lich sten . Sie e rsc h e in t uns auch fü r  d ie  E rk lä ru n g  
des m assiv  zers tö ren d en  B lu tu n g s ty p s  geeig n e t; w ir m einen je d o c h , d aß  bei 
d iesem  T yp  die g efäßw andschäd igende  W irk u n g  des B lu tergusses a u c h  größere 
G efäße b e tr iff t u n d  diese als sekundäre  B lu tu n g sq u e llen  in  F ra g e  k o m m en . 
D a  aus ihnen  die B lu tu n g  u n te r  höherem  D ru c k  erfo lg t, e n ts te h t e in  m ass iv e re r 
E rg u ß  m it b e to n te r  S u b stan zze rs tö ru n g .

In  einem  F a ll sah en  w ir eine G e fä ß v a rie tä t, u. zw. die b e id e rse itig e  
V erdoppelung  der A rt. cerebelli superior. Sie is t die häufigste  V a r ie tä t  dieses 
k o n s ta n te s te n  K le in h irn g efäß es ; St o p fo r d  fan d  sie in  10 — 1 2 %  a u f  einer 
Seite , in  3%  beiderse its. In  unserem  F a ll e n tsp ra n g  die A rt. c e reb ri p o s te rio r 
be id erse its  aus d er C aro tis in te rn a . D en A rt. com m unican tes p o s te rio re s  e n t
sp rach en  dünne Zweige, die die A rt. cereb ri posterio res m it d er A r té r ia  basi-
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la r is  v e rb a n d e n . In  10 F ä lle n  befanden  sich A th e ro m e  im  T eilungsw inkel der 
A r t .  b a s ila ris , und  die b a s a le n  Gefäße w aren  m e h r  oder w eniger sk le ro tisch .

B ei allen unseren  K ra n k e n  w ar der sy s to lisch e  Blutdruck h ö h e r  als 
200 m m H g .

U nsere  P a tie n te n  w a re n  alle in fo r tg e sc h ritte n em  Alter. Ihr D u rc h sc h n itts 
a l te r  b e tru g  65,4 J a h re .

W as die klinische E ntw icklung  b e tr iff t, so t r a t  la u t  A ngaben d e r A nge
h ö rig e n  in  6 Fällen ohne jeg lich e  vo rangehende S y m p to m e nach  p lö tz lichem  
V e r lu s t  des B ew ußtseins t ie fe s  K om a ein. In  7 F ä lle n  gingen dem  K o m a m e h r
s tü n d ig  Schw indelgefühl, S ch w eißausb ruch , B re c h re iz , E rb rech en , S chm erzen  
im  H in te rk o p f  voraus. I n  e in em  Fall w urde  d e r  I c tu s  von p ro d ro m alen  B e
sc h w e rd e n  e ingeleite t; so w o h l das A llgem einbefinden  als auch d er B e w u ß t
s e in sz u s ta n d  besserten  s ich , u n d  erst 27 T ag e  s p ä te r  fü h rte  die K re is la u f
in su ffiz ien z  bei einer in te rk u r re n te n  K ra n k h e it  zu m  Tode. In  den  6 F ä llen , 
in  d e n e n  das K ra n k h e itsb ild  m it p lö tzlichem  K o m a  begann , t r a t  d e r T od 
sch o n  n a c h  w enigen S tu n d e n  ein , n u r ein e inz iger P a t ie n t  leb te  noch  24 S tu n 
d en . I n  den  übrigen, m it P ro d ro m e n  b eg in n en d en  F ä llen  ste llte  sich  d e r  T od  
e b e n fa lls  rasch ein, k e in e r  d e r  K ranken  ü b e r le b te  2 x 2 4  S tu n d en  (zw ischen 
6 u n d  46  S tunden).

I n  8 Fällen  fa n d e n  w ir  doppelseitige sp a s tisc h e  Symptome, be i allen  
d ie sen  w aren  die B lu tu n g e n  vom  m assiv z e rs tö re n d e n  T yp . Zu d iesem  T y p  
g e h ö r te  die B lu tung  in  e in em  F a ll, in dem  A ta x ie  a lle r v ier E x tre m itä te n  fe s t
g e s te ll t  w erden k o n n te . B ei 5 K ranken  b e s ta n d e n  spastische  S ym p to m e h a lb 
se itig . E in e  befried igende P rü fu n g  au f ce reb e lla re  S ym ptom e k o n n te n  wir 
in fo lg e  des sch lechten  A llgem einbefindens u n d  B ew u ß tse in szu stan d es  u n se re r  
K ra n k e n  n ich t au sfü h ren . B e i allen 11 P a t ie n te n ,  bei denen eine L u m b a l
p u n k t io n  vorgenom m en w u rd e , w ar der L iq u o r  b lu tig . Am A u g en h in te rg ru n d  
b e s ta n d  in  keinem  d er F ä lle  eine S tauung.

In fo lge  des fo u d ro y a n te n  Ablaufes u n d  des bedenk lichen  Z u s ta n d e s  
— in  4 F ä llen  w ar die u n m itte lb a re  T odesu rsache  e in  sich rasch en tw icke lndes 
L u n g e n ö d e m  — k o n n te  k e in e  lokale D iagnose g e s te llt  w erden, u n d  so k a m  es 
b e i k e in e m  unserer F ä lle  z u  einem  ch iru rg isch en  E ingriff. In  K e n n tn is  des 
p a th o lo g isch en  B efundes k a n n  auch keiner u n se re r  F älle  als ch iru rg isch  lö sb a r 
b e t r a c h te t  w erden. I n  d e n  erfolgreich c h iru rg isc h  b eh an d e lten  F ä lle n  der 
L i t e r a tu r  scheint die B lu tu n g  n ich t in  die L iq u o rrä u m e  d u rch g eb ro ch en  zu 
se in ; d e r  K ra n k h e itsv e r la u f  w a r n ich t fu lm in a n t u n d  der E in g riff w u rd e  au f 
G ru n d  d er D iagnose K le in h irn g esch w u lst v o rg en o m m en .
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ABNÜTZUNG DES GEBISSES 
DES FOSSILEN UND REZENTEN MENSCHEN 

UND DIE BEDEUTUNG DES KAUENS 
IN DER STOMATOLOGISCHEN PROPHYLAXE

Von

D . S c h r a n z

STOMATOLOGISCHE K L IN IK  D E R  M E D IZ IN ISC H E N  UNIV ERSITÄ T, PÉCS

(Eingegangen am  19. J u li 1966)

Aus der Untersuchung der Gebisse lä ß t sich schließen, daß die fossilen  und 
rezenten M enschen kräftig kauten, ihre Zähne beinahe frei von Karies b lieb en  und, 
fa lls sie ihre Zähne nicht durch zu kräftiges K auen überlasteten, auch ihr Zahnbett 
gesund blieb. Die heutzutage sehr verbreiteten  Zahnfäule und Zahnbetterkrankungen  
sind m eistens Folge unrichtiger, unnatürlicher Ernährung. Zur Vorbeugung sollen die 
K inder vom  Säuglingsalter an das richtige K auen gewöhnt werden.

D as ausgiebige, k rä ftig e  K au en  is t ä u ß e rs t  w ich tig , um  das G eb iß  gesund 
u n d  fu n k tio n sfä h ig  zu e rh a lten , u n d  d a d u rc h  den  V erlust der Z ä h n e  au fzu 
sch ieben  [2]. M an d a rf  ab er bei w eitem  n ic h t  d enken , daß diese F e s ts te llu n g  
fü r  alle Z e iten  u n d  fü r  jedes In d iv id u u m  g ü ltig  is t. Im  folgenden w e rd e n  die 
v e rsch ied en en  T y p en  der du rch  K a u e n  v e ru rsa c h te n  A b n ü tzu n g  d e r  Z ähne 
an g efan g en  von  den ä lte s ten  m enschlichen  F u n d e n  in  chronologischer R e ih en 
folge b is zu r G egenw art darg este llt. In  d iesem  Z usam m enhang  w ird  a u c h  au f 
die B e d e u tu n g  des K au en s fü r die V e rh ü tu n g  d e r Z a h n k ran k h e iten  h ingew iesen .

Untersuchungsm aterial und Ergebnisse

D as M ateria l, w elches u n te rsu c h t w u rd e , s ta m m t aus den  a n th ro p o lo 
gischen M useen in  B u d ap est, Pécs, W ien  u n d  aus m ehreren  d e u tsc h e n  S am m 
lungen . D e r ä lte s te  fossile m enschliche F u n d  m it Z äh n en  ist b e k a n n tlic h  d e r U n 
te rk ie fe r  von  Heidelberg [8]. E r i s t  n ah ezu  eine  h albe  Million J a h re  a l t ,  s ta m m t 
also v o m  A nfang  d er E isze it (A bb. l . a  u n d  l .b ) .  A m  stä rk s ten  a b g e n ü tz t  sind 
die Schneide- u n d  E ckzähne . A u sg ep räg te  A b n ü tz u n g  is t an  d en  1. P r ä 
m o laren  zu  sehen . U n te r  den M olaren is t am  1. der Z ahnschm elz  v o n  der 
K au o b e rfläch e  g rö ß ten te ils  ab g ew etz t, am  zw eiten  erschein t eine A b n ü tz u n g  
d er H ö ck e r, u n d  an  den  W eishe itszähnen  s ind  n u r  sog. S ch m elzsch liff-F ace tten  
s ic h tb a r . D er K o p fb iß  is t ausg ep räg t.

D e r  in  Ehringsdorf bei Weimar g e fundene  K iefer eines ä lte re n  M enschen  
is t e tw a  150 ta u se n d  J a h re  a lt, s ta m m t also au s dem  P a läo lith ik u m  u n d  g eh ö rt 
zum  N e a n d e r ta lty p  (1, 6; A bb. 2). D ie S ch n e id ek an ten  bzw. die K a u o b e r
fläche  a lle r Z ähne sind so s ta rk  a b g e n ü tz t, d a ß  das D en tin  au f g ro ß en  F läch en
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fre i lieg t. A ußer h o ch g rad ig e r A brasion is t  e ine  ausgepräg te  A tro p h ie  des 
A lv eo la rfo rtsa tze s  e rk e n n b a r , was au f eine a k tiv e  A bw ehr des Z a h n b e tte s  
gegen  e in  zu k rä ftig es  K a u e n  h in d eu te t. Im  g le ich en  Sinne ist die A u sk rem p u n g  
des A lv eo la rran d es in  d er M olargegend (A bb . 3) zu  w erten . A uch  h ie r  fa n d  
K o p fb iß  s ta t t .

D e r  in  der N äh e  v o n  Z agreb  gefundene K ra p in a -I  K iefer eines e rw ach se 
n en  M enschen  ist e tw a  120 ta u se n d  Ja h re  a lt , s ta m m t also ebenfalls au s  dem  
P a lä o lith ik u m  u n d  g e h ö rt au ch  zum  N e a n d e r ta l ty p  (4; A bb. 4). H ie r  sind  
b e so n d e rs  die Schneide- u n d  E ckzähne s ta rk  a b g e n ü tz t. A brasion  d e r M ahl
z ä h n e  is t  w esen tlich  gerin g er, n u r  die H ö ck e r d e r  1. M olaren s ind  m erk lich  
ab g esch liffen . A uch  h ie r  h a t  sich schon K o p fb iß  ausgebildet.

D e r  bei Subalyuk im  Bükkgebirge (U n g a rn )  gefundene K ie fe r e iner 
e rw ach sen en  F ra u  is t  e tw a  60 tau sen d  J a h re  a l t ,  s ta m m t also vom  E n d e  des 
P a lä o lith ik u m s  u n d  g e h ö rt ebenfalls zum  N e a n d e r ta l ty p  (Abb. 5). H ie r  sind  
b e so n d e rs  die S chneide- u n d  E ckzähne u n d  d ie  O berfläche des 1. M olars 
a b g e n ü tz t .  D as D e n tin  lieg t frei. K opfb iß  is t  a u c h  h ier beinahe au sg eb ild e t.

D ie b isher g e sch ild e rten  F u n d e  gehören  zu  fossilen , d. h. au sg es to rb en en  
M en sch en ty p en . In  d en  fo lgenden  Fällen h a n d e lt  es sich um  rezen te  F u n d e , die 
also v o n  den A hnen  des m o d ern en  M enschen s tam m en .

Z u  den ä lte s te n  T y p e n  dieser A rt g e h ö rt d e r  im  B onner M useum  au f
b e w a h r te  m änn liche  S ch äd e l aus Oberkassel, d e r  e tw a  50 tau sen d  J a h re  a lt is t 
u n d  d a h e r  aus dem  M eso lith ikum  s tam m t. A lle Z ähne  des U n te rk ie fe rs  sind  
s ta r k  abgeschliffen  (A bb. 6), so daß n u r  d e r R a n d  des Schm elzes e rh a lte n  
b lieb , u n d  das D e n tin  a u f  d e r O berfläche ü b e ra ll  fre i liegt. K opfb iß .

D e r  in  der Ofnethöhle in  B ayern  g e fu n d en e  m ännliche S chädel N r. 18 
is t 40 b is 50 ta u se n d  J a h re  a lt, s tam m t also eb en fa lls  aus dem  M eso lith ik u m . 
D ie A b ras io n  der u n te re n  Z ähne  erin n ert an  d en  F u n d  von H eidelberg  (A bb . 7): 
die F ro n tz ä h n e  u n d  die e rs te n  M olaren sin d  s e h r  s ta rk  abgeschliffen.

D e r  in  Henzing  (N iederösterreich ) g e fu n d en e  Schädel eines e rw ach sen en  
M an n es is t 15 bis 20 ta u s e n d  J a h re  alt, s ta m m t also  aus dem  N eo lith ik u m . Alle 
Z ä h n e  des O berk iefers s in d  s ta rk  abgesch liffen , am  stä rk s ten  d er 1. M olar 
(A bb . 8). H ier is t d e r K o p fb iß  weniger a u sg e p rä g t.

D e r in  Lengyel (K o m ita t  T olna, U n g a rn ) gefundene Schädel e ines E r 
w ach sen en  is t e tw a  4500 J a h r e  a lt, s ta m m t also  au s  dem  Ä n eo lith ikum  (S te in - 
K u p fe rz e it;  A bb. 9). Ä h n lich  wie beim  F u n d  v o n  H enzing  sind h ie r die Z ähne  
ü b e ra ll  be inahe  g le ichm äß ig  s ta rk  abgeschliffen . D er K opfb iß  is t au sg e p rä g t. 
A m  H a ls  des 2. M olars e rsch e in t oberhalb d e r  W u rze lb ifu rk a tio n  eine c h a ra k 
te r is tis c h e  Z em en tkaries .

D e r in  Zengővárkony (K o m ita t B a ra n y a , U ngarn ) gefundene S chäde l 
e ines E rw ach sen en  is t  eben fa lls  etw a 4500 J a h r e  a lt, s tam m t also au s dem  
Ä n eo lith ik u m . Die A bsch le ifu n g  der M olaren re ic h t  bis zum  Z ahnhals (A b b .10).

Im  O berk iefer eines ä lte re n  E rw achsenen  au s  der Zeit der Awaren  (7. bis
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Abb. l /а . D ie  rech tsseitigen  F ro n tz äh n e  u n d  
p räm o la ren  des H eidelberger U n te rk ie fers : ca. 

500 000 J a h re  a lt

Abb. 1/b. D ie rech tsseitigen  M olaren  des H eidel
berger U n terk iefers: ca. 500 000 J a h re  alt

Abb. 2. Z ähne des E h rin g sd o rfe r  
E rw ac h se n e n -U n te rk ie fe rs : ca.

150 000 J a h re  a lt

Abb. 3. Z ähne des E hringsdorfer E rw ach sen en -U n te r- Abb. 4. Z ähne des K rap in a-1  U n te r
kiefers m it d eu tlich e r A uskrem pung  des A lveo larran- k iefers: ca. 120 000 J a h r e  a lt

des: ca. 150 000 J a h re  all
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Abb. 5. Z ähne des in  Subalyuk  g e fu n d en en  Abb. 6. Z ähne des O berkasse ler m än n lich en  
w eiblichen U n te rk ie fers : ca. 60 000 J a h r e  a lt U n te rk ie fers : ca. 50 000 J a h r e  a lt

Abb. 7. Z ähne des O fnet-18 m än n lich en  U n 
terk iefe rs: ca. 40 — 50 000 J a h re  a lt

Abb. 8. Z ähne des H en zinger E rw ac h -  
senen-O berk iefers: ca. 15 — 20 000 

J a h re  a lt

Abb. () .  Z ähne des in Z en gővárkony  ge fu n 
denen  E rw achsenen  m it Z em en t-K aries  des 
u n te ren  rech ten  zw eiten M olars: ca. 4 500 
J a h re  alt (aus S c h r a n z , Z. M orph. A n th ro p . 

52, 347 (1962))

Abb. 10. Z ähne des in Z en g ő v á rk o n y  gefunde
nen E rw achsen en -U n terk iefe rs  m it Schw und 
des k nöchernen  Z ah n b e tte s : ca. 4 500 Ja h re  alt 
(aus S ch ran z , Z. M orph. A n th ro p . 52, 347 

(1962))





Abb. 11. Z ähne eines O berk iefers aus der A w a
re n z e it  m it offenen P u lp ah ö h len  infolge A b ra 
sion. 7. bis 9. J a h rh u n d e r t  (au s B a lo gh , К ., 
M o ln á r , L ., S chranz , D ., H u szá r , Gy .: Ge- 
ro s to m ato lo g ie . V erlag der U ng. A kadem ie 

der W issen sch aften , B u d a p es t 1962)

Abb. 12. Z ähne eines E rw ach sen en -U n terk ie- 
fers aus dem  10. J a h r h u n d e r t

Abb. 13. Z ähne des U n te rk ie fe rs  eines ca. 
1jährigen K indes aus T iszap o lg ár: ca. 4 500 

Ja h re  a lt

Abb. 14. Z ähne des U n te rk ie fe rs  eines 
18 19jährigen M annes au s  H alim lm - 

Cseres: 11 12. J a h r h u n d e r t

Abb. 15. Die p ro x im ale  E p i
ph y se  des O h erarm k n o ch en s 

desselben F u n d es

Abb. 16. Z ähne e iner 7 4 jäh rig en  Z igeu
nerin  (aus B alo gh , к . ,  Mo ln á r , L., 
S ch ran z , 1).. H u szá r , G y .: G e ro sto m ato 
logie. Verlag der U ng. A k ad em ie  der W is

senschaften , B u d a p e s t  1962)
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A B N Ü T Z U N G  D E S  G E B I S S E S <J1

9. J a h rh u n d e r t)  — ebenfalls e in  F u n d  aus T ra n sd a n u b ie n  — sind  d e r  E ck zah n  
u n d  die beiden  P räm o la ren  so s ta rk  abgeschliffen , d aß  die sich zu rü ck z ieh en d e  
P u lp ah ö h le  offen liegt (A bb. 11).

D er aus dem 10. Jahrhundert (Zeit der L an d n ah m e  d u rch  d ie  U ngarn) 
s tam m en d e , in  T ra n sd a n u b ie n  (U ngarn) gefundene K iefer eines E rw ach sen en  
zeigt ü b era ll g leichm äßig  u n d  s ta rk  a b ra d ie rte  Z ähne  (A bb. 12). K opfb iß .

A us den A bb ildungen  g e h t hervo r, d aß  abgesehen von  e in e r  einzigen 
A usnahm e — kariöse Z ähne  n ic h t gefunden  w u rd en . H ingegen k o m m t Z er
s tö ru n g  des knöchernen  Z a h n b e tte s  auch bei sehr au sg e p rä g te r  A brasion  
v o r [10]. So bew eisen die F u n d e  aus der p räh is to risch en  u n d  h is to risch en  Z eit, 
daß  n ic h t n u r  d er fossile M ensch , sondern  au ch  die frü h es ten  A hn en  des rezen 
ten  M enschen ih re  Z ähne seh r s ta rk  in  A n sp ru ch  nah m en , u n d  d aß  bei ihnen  
sich m it d er Z eit der K o p fb iß  ausb ild e te . Die A brasio n  w ar in  den  d a rg es te llten  
F ä llen  n ic h t ü bera ll gleich s ta rk  ausg ep räg t, w as d ad u rch  e rk lä r t  w erd en  k an n , 
daß  das A lte r u n d  die L e b e n su m stä n d e  d ieser M enschen w ah rsch e in lich  sehr 
versch ieden  w aren.

D ie B eziehung der A bsch le ifung  der Z ähne  zum  L eb en sa lte r  lä ß t  sich 
fü r den fossilen M enschen n ic h t  p rü fen . F u n d e  v o n  A hnen  des re z e n te n  M en
schen, an  denen  es m öglich w a r , das Lebensalter m it a n n ä h e rn d e r G en au ig k e it 
zu b estim m en , zeigen eine au sg ep räg te  A bsch le ifung  bere its  in  g an z  ju n g en  
J a h re n . Schon B roca  [3] fa n d  die Z ähne e iner aus e iner ä g y p tisch en  P y ram id e  
s tam m en d en  35 jährigen  männlichen M um ie  so s ta rk  abgeschliffen , als ob sie 
einem  G reis gehörten . In  m e in em  U n te rsu ch u n g sm a te ria l b e f in d e t sich ein 
e tw a 4500 J a h re  a lte r, also au s dem  A neolithikum  stammender K iefer aus Tisza- 
polgár (U n g arn ); er g eh ö rte  e inem  schätzungsw eise  4 J a h re  a lte n  K inde. 
D ie K a n te n  d er S chne idezähne  sowie die S p itzen  d er E ck zäh n e  s in d  abge
schliffen, u n d  das D en tin  lieg t fre i (A bb. 13). A uch  h ier is t der B iß ty p  K opfb iß . 
A ufsch luß re ich  w ar fe rn er die U n te rsu ch u n g  des S k e le tts  eines E rw ach sen en  
aus dem  11. b is 12. J a h rh u n d e r t ,  gefunden  in  Halimba-Cseres (K o m ita t 
V eszprém , U ngarn ). Die u n te re n  1. M olaren s ind  s ta rk  abgesch liffen ; aber 
auch an  den  S ch n e id ek an ten  d e r F ro n tz ä h n e  is t  das D en tin  s ic h tb a r . Die 
A nsätze  von  K o pfb iß  sin d  zu  erk en n en  (A bb. 14). Aus dem  G rad  d er V er
k n ö ch eru n g  am  prox im alen  E n d e  des O berarm k n o ch en s des S k e le tts  ko n n te  
das L eb en sa lte r  — tro tz  d er z iem lich  au sg ep räg ten  A brasion  a u f  höch sten s 
18 bis 19 J a h re  g esch ä tz t w e rd en  (9; A bb. 15).

B esprechung

W äh ren d  die Z ah n ab sch le ifu n g  des u n te r  z iv ilis ierten  U m stä n d e n  leben 
den m odernen  M enschen n u r  geringe G rade e rre ic h t, is t sie au ch  h eu te  bei 
M enschen, die u n te r  n ich tz iv ilis ie r ten  U m stä n d e n  leben , ebenso  s ta rk  u n d  der 
folgenm äßige K o pfb iß  ebenso  h äu fig  wie beim  M enschen d er U rz e it, wie das
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z. B . d a s  G ebiß einer 74 J a h r e  a lte n  Z igeunerin  ze ig t (A bb. 16). D iese M enschen, 
w ie a u c h  unsere V o rfah ren , w idm en  dem  E ssen , dem  K au en  v iel Z e it [5]. Sie 
v e rz e h re n  n u r wenig o d er k e in e rle i ra ffin ie rte , d e n a tu r ie r te  N a h ru n g  u n d  essen 
la n g e  u n d  kauen  k rä ftig . Z ä h e  N ah ru n g  ab er sch le if t die Z ähne w ä h re n d  der 
M ah lbew egung  ab [7]; d ies f ü h r t  zu r m uld igen  A u sh ö h lu n g  des D e n tin s  (heli- 
k o id e  A brasion), w enn d e r  Z ahnschm elz schon abgeschliffen  ist.

A bgesehen von  w en ig en  A usnahm en  is t d e r  z iv ilisierte  M ensch un fäh ig , 
d ie se lb e  A rt von N a h ru n g  d a u e rn d  u n d  in  d e rse lb en  W eise zu  k a u e n , wie es 
d e r  U rm en sch  ta t ,  oder w ie es u n te r  n a tü r lic h e n , sog. p rim itiv en  U m stän d en  
le b e n d e  M enschen noch  h e u te  tu n . D er M ensch d e r V erg an g en h e it h a t te  au s
g ieb ig  zu  kauen , um  seine e in fach ere , n a tü rlic h e re , faserigere, h ä r te re  N a h ru n g  
zu m  S ch lucken  v o rz u b e re iten .

D as E n tg eg en g ese tz te  g ilt fü r die gegenw ärtige  E rn äh ru n g sw eise .
D ie  In te n s itä t  des K a u e n s  m uß ab er m it dem  E n tw ic k lu n g sg ra d  des 

Z a h n b e tte s  im  E in k la n g  se in . E s kam  auch  be i u n se ren  V o rfah ren  v o r, daß 
sie ih re  Z ähne du rch  K a u e n  ü b e rla s te ten  u n d  d ies, obw ohl sie ein  gesundes 
Z a h n b e t t  besaßen, zu  P a ro d o n to p a th ie n  fü h r te . B eim  z iv ilis ierten  M ensch 
k o m m t es le ich t zu e in er Ü b e rla s tu n g  der Z äh n e , d a  das Z a h n b e tt  infolge der 
v o m  A n fan g  an u n g e e ig n e te n  E rn ä h ru n g sa r t d en  A n fo rd eru n g en  m eistens 
n ic h t  gew achsen ist. E in e  P ro p h y la x e  soll m ith in  a u f  die genügende E n tw ic k 
lu n g  des Z ahn b ettes  h in w irk e n . D ies k an n  n u r  e r re ic h t w erden , w enn  das K ind  
v o n  A n fan g  an  zum  »K auendessen«  erzogen w ird . W ich tig  h ie rfü r  is t  das 
S ä u g e n  an  der M u tte rb ru s t o der, w enn dieses n ic h t  m öglich is t, das F ü tte rn  
m it  d em  Löffel schon  im  S äug lingsa lte r. U n te r  so lchen B ed in g u n g en  w ird 
n ic h t  n u r  das G ebiß zum  K a u e n  geeignet u n d  k rä f tig , sondern  g ew ö h n t sich 
d as  K in d  n ich t an  den  S c h n u lle r  u n d  an  das F in g e rlu tsc h e n . H ie rd u rc h  w ird 
z u g le ic h  die E n ts te h u n g  v o n  Z ahnanom alien  v e rh ü te t .
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DIE MODERNE ANSCHAUUNG 
DER ENDODONTIE IM SPIEGEL 

KLINISCHER UND EXPERIMENTELLER 
UNTERSUCHUNGEN

V on

J .  U j

STOMATOLOGISCHE K L IN IK  (D IR E K T O R : P R O F . D R. D. SCHRANZ) D ER M ED IZIN ISC H EN  U N IV ER SITÄ T,
PÉCS

(E in g eg an g en  am  19. J u l i  1966)

A n h an d  von  L ite ra tu ra n g a b e n  u n d  e igenen  U n te rsu ch u n g en  w erd en  d ie  neuesten  
Forschungsergebn isse  b ezüg lich  der B eh an d lu n g  der e rk ra n k ten  P u lp a  u n d  de r F ragen  
d e r d irek ten  P u lp e n ü b e rk a p p u n g  e rö rte r t.

In  der e rs ten  U n te rsu ch u n g sse rie  w u rd e  die d irek te  W irk u n g  d e r  N eom ycin- 
C h lo ram p h en ico l-K o m b in a tio n  a u f  d ie P u lp a  d e r Z ähne von Ju g e n d lic h e n  a u f  G rund 
k lin isch er B eo b ach tu n g en  u n d  h isto log ischer V erfah ren  analy siert.

In  der zw eiten  Serie w u rd en  die E rg eb n isse  der d irek ten  P u lp e n ü b e rk a p p u n g , 
w obei das an g ew and te  C A (O H )2 m itte ls  K o m pression  aufgetragen  w u rd e , k lin isch  und  
rön tgeno log isch  b ew erte t.

D ie w ich tigste  A ufgabe d er sich m it d er K arieshe ilung  b efassen d en  
E n d o d o n tie  is t die B eh eb u n g  des S chm erzes u n d  das L e b e n d e rh a lte n  der 
P u lp a . D er m oderne Z a h n a rz t, d er diesen A nfo rderungen  n a c h k o m m e n  will, 
m u ß  a n s ta t t  Z ah n en tfe rn u n g  u n d  W u rze lb eh an d lu n g  sich m it d e r B e h a n d lu n g  
d e r  e rk ra n k te n  P u lp a  u n d  d er V o rbeugung  d e r  P u lp a v e rä n d e ru n g en  befassen . 
D iese A uffassung  spiegeln zah lre iche  M itte ilu n g en  der z e itg e m ä ß en  z a h n 
ä rz tlic h e n  L ite ra tu r , in  den en  te ils ü b e r die bei den v e rsch ied en en  P u lp en - 
ü b e rk a p p u n g sv e rfah re n  gew onnenen  E rfa h ru n g e n  b e rich te t w ird , te ils  jene  
T en d en z  zum  A usdruck  k o m m t, d aß  im  In te re sse  d er R e ttu n g  d e r Z ä h n e  u n d  
d e r W ied erh e rs te llu n g  d er F u n k tio n s fä h ig k e it u n d  B esch w erd e fre ih e it die 
S te ig e ru n g  der A b w ehrfäh igke it d er P u lp a  a n zu streb en  ist.

W äh ren d  die B eh an d lu n g  eines sch m erzen d en  kariö sen  Z a h n e s  frü h e r 
m it d em  B egriff der W u rze lb eh an d lu n g  id e n tisc h  w ar, w urde se it E in fü h ru n g  
d e r E n d o d o n tie  die B e d e u tu n g  d e r P u lp a b e h a n d lu n g  e rk a n n t, u n d  som it 
s te h t  z u r Z eit die B eh an d lu n g  d er Caries p ro fu n d a  im  M itte lp u n k t des I n 
te resses.

D as E rh a lte n  d er k a riö sen  Z ähne  s te llte  — vornehm lich  w egen  d e r m it 
d er K aries  v e rb u n d en en  S chm erzen  — schon  in  d er F rü h p h ase  d e r  Z a h n h e il
k u n d e  ein schw ieriges P ro b lem  d a r. W issen sch aftlich  befaß te  m a n  s ich  m it der 
F ra g e  se it d er ersten  H ä lfte  des 19. J a h rh u n d e r ts , als noch  die A u ffassu n g  
h e rrsc h te , d aß  die en tzü n d lich e  oder e x p o n ie rte  P u lp a  n ich t m e h r erfo lg re ich  
b e h a n d e lt  w erden k an n .
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A n h a n d  der E rg eb n isse  d e r m odernen  B io logie  h a t  sich eine neue A n 
sc h a u u n g  en tw ickelt, d e re n  H a u p tz ie le  die V ita le rh a ltu n g  der P u lp a , die V o r
b e u g u n g  der P u lp a e rk ra n k u n g e n  bzw. die H e ilu n g  d e r bere its  e rk ra n k te n  
P u lp a  sind .

A ls R esu lta t d e r v ie lfä ltig e n  U n te rsu ch u n g en  s teh en  zur B eh an d lu n g  
d e r  C aries p ro funda u n d  d e r  P u lp itis  g eg en w ärtig  fo lgende th e ra p e u tisc h e  
V e rfa h re n  zur V erfügung .

1. Indirekte Pulpenüberkappung

D ie F rage, ob im  In te re s s e  der V erm eidung  d e r E x p o n ie ru n g  d er P u lp a  
d as  k a riö se  D entin  in  d e r  U m g eb u n g  der K a v i tä t  be lassen  w erden soll oder 
n ic h t ,  b ild e te  u n te r  d en  A n h ä n g e rn  der in d ire k te n  P u lp en ü b e rk a p p u n g  das 
T h e m a  zahlreicher D isk u ss io n en .

D ie U n te rsu ch u n g en  v o n  K r auss  [22], B e s i c  [5], R e h b e r g  [34], 
B o n s a c k  [6], P l a t h n e r  [3 0 ], R e b e l  [33], S c h u g - K ö s t e r s  [36], H a t t y a s i  
[12] u n d  vielen an d eren  V erfa sse rn  ergaben, d aß  d ie  B ak te riu m flo ra  des k a r iö 
sen  D en tin s  u n te r  d e r  g u t  schließenden F ü llu n g  zu g ru n d e  geht bzw . sich 
z a h le n m ä ß ig  v e rm in d e rt; e in ige  V erfasser b e r ic h te te n  sogar ü b er F ä lle , in 
d e n e n  das kariöse Z a h n b e in  s te ril w urde. G le ichze itig  m it dieser m ik ro b io lo 
g isch en  E rscheinung  k o m m t die K ariesp rog ression  zu m  S tills tan d , u n d  auch  
d ie  D en tin su b s tan z  v e r d ic h te r t  sich.

L a u t  K o t h e  [20]  e n t s te h t  diese günstige L ag e  infolge von  A u stro ck n u n g  
u n d  e rn e u te r  K a lk a b la g e ru n g , ab er auch die B e d e u tu n g  der ak tiv en  A b w eh r
fä h ig k e i t  der P u lp a  is t  n ic h t  zu  u n te rsch ä tzen .

P l a t h n e r  [31] u n d  L ö r i n c z y  [25] b e h a u p te te n , d aß  das kariöse D e n tin  
in  d e r  K a v itä t  zu rü ck g e la ssen  w erden k an n  u n d  a u c h  n ic h t b eh an d e lt w erd en  
m u ß , d a  der h erm etische  V ersch lu ß  das Z u g ru n d eg eh en  d er B ak te rien  u n d  die 
H ä r tu n g  des erw eich ten  D e n tin s  sichert. W e se n tlic h  is t  der vo llkom m en h e r
m e tisc h e  V erschluß in  R ic h tu n g  der M undhöhle, d a  die B ak te rien  hei M angel 
e in es  en tsp rech en d en  N ä h rb o d e n s  unzw eife lhaft z u g ru n d e  gehen.

A ndere V erfasser v e r t r a te n  dagegen die A n s ic h t, d aß  falls das B elassen  
des kariö sen  D entins im  In te re s se  der V e rm e id u n g  d e r P u lp aerö ffn u n g  e rfo r
d e r lic h  is t, das kariöse  D e n t in  b ehande lt bzw . d e s in fiz ie rt w erden m uß , d a  das 
Z a h n b e in  über keine au sre ich en d e  se lb s ts tän d ig e  A bw eh rfäh ig k e it v e rfü g t.

D ie A nhänger d e r  D e n tin d es in fek tio n  b e h a n d e lte n  das erw eich te , in fi
z ie r te  D en tin  m it v e rsc h ie d e n e n  M itte ln : v o re r s t  k a m e n  K arbo l, S u b lim a t, 
K re o so t, T hym ol, S i lb e rn i t r a t ,  F o rm ald eh y d , X y lo l u n d  Chloroform  zu r A n
w e n d u n g , sp ä te r w u rd en  Z inkoxydeugeno l u n d  K a lz iu m h y d ro x y d  v e rw e n d e t; 
n e u e s te n s  w urden u n te r  d iese  M edikam ente a u c h  die A n tib io tik a  u n d  die 
K o rtik o s te ro id e  au fg en o m m en . Die A n w en d u n g  d ieser M itte l s ich e rte  die 
H e ilu n g  der P u lp a  n ic h t  in  zuverlässiger W eise, im  Z u sam m enhang  m it  der
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in d ire k te n  Ü b erk ap p u n g  s te llte  es sich sogar h e rau s , daß  in m an ch en  F ä llen  
die v o ran g eh en d  an g ew an d ten  M itte l die P u lp a  u n d  das Z ahgew ebe g esch ä
d ig t h ab e n . Die A nw endung  e iw eiß fä llender M itte l h a tte  m a n c h m a l die 
S te ig e ru n g  der P ro teo ly sen e ig u n g  d er Z a h n su h s ta n z  zur Folge.

D ie D osierung  der obigen M itte l is t eben fa lls  p rob lem atisch . D ie g ü n stig e  
W irk u n g  des C a(O H )2, d er A n tib io tik a  u n d  d er K o rtik o ste ro id e  a u f  die P u lp a  
h ab e n  zah lreiche U n te rsu ch u n g en  bew iesen; die E rfah ru n g en  u n te r s tü tz te n  
so m it die A nnahm e, d aß  diese M itte l in  den  D en tin k an ä lch en  re so rb ie r t 
w erd en . U nsere m ikrobio logischen  in  v itro  E x p e rim en te , in d en en  die R e
so rp tio n sfä h ig k e it des in ta k te n  u n d  kariö sen  D en tin s  in bezug  a u f  einige 
A n tib io tik a  (N eom ycin , C h lo ram phen ico l, B ac itrac in , P o ly m y x in -B ) u n te r 
su c h t w u rd e , ergaben  ähn liche  R e su lta te  [40]; in  vivo k an n  a b e r  die re so r
b ie r te  M enge des b e tre ffen d en  A n tib io tik u m s unm öglich  b e s tim m t w erden .

D ie d irek te  P u lp e n ü b e rk a p p u n g  is t d em n ach  n u r in F ä llen  an g eze ig t, 
in  d en en  die V ita li tä t  d er P u lp a  m it S ich erh e it festzuste llen  is t u n d  a n h a n d  
d er k lin isch en  u n d  an am n estisch en  D a te n  angenom m en w erden  k a n n , d aß  
in  d e r  P u lp a  keine irrev e rs ib len , d. h. th e ra p e u tis c h  u n b ee in flu ß b a ren  V er
ä n d e ru n g e n  vorliegen.

2. Direkte Überkappung und Vitalamputation

D ie T ren n u n g  bzw. die se p a ra te  B esp rech u n g  dieser beiden  B egriffe  is t 
e ig en tlich  n ich t b eg rü n d e t, da  beide V erfah ren  zu r B ehand lung  d er e rö ffn e ten  
K a v i tä t  d ienen . Im  w esen tlichen  h a n d e lt es sich n u r  um  einen s tu fen m äß ig en  
U n te rsc h ie d  u n d  die F rag e , w elche d er be id en  M ethoden zur A n w en d u n g  
k o m m t, en tsch e id e t lediglich der a k u te  Z u s ta n d  d er P u lpa .

D ie E rö ffn u n g  der P u lp e n k a m m e r ä n d e r t  den  geschlossenen, g e sc h ü tz te n  
Z u s ta n d  d er P u lp a  u n d  s te llt  zw ischen d er M undhöh le  und  den P u lp en g ew eb en  
eine V erb in d u n g  her. Die neue  L age e n ts te h t  en tw ed er wegen eines k a riö sen  
P rozesses oder zufällig , im  L aufe d er P rä p a r ie ru n g  des D en tin s. B ei d e r B e
h a n d lu n g  d er D en tin su b s ta n z  m it d er F rä se  w erden  zah lreiche Z a h n b e in 
k a n ä lc h e n  d u rch g esch n itten ; da die in ta k te n  Z ah n b e in k an ä lch en  d u rc h  die 
D e n tin fib rille n  m it den  O d o n to b lastze llen  in  u n m itte lb a re r  V e rb in d u n g  sin d , 
s te h t  infolge d er V erle tzu n g  der e inzelnen  Z ah n b e in k an ä lch en  d e r W eg zu r 
P u lp a  offen . A n h an d  d ieser E rw äg u n g  w urde  die expo n ierte  D e n tin o b e rflä ch e  
D e n tin w u n d e  gen an n t. Diese D en tin w u n d e  re iz t das P ulpengew ebe u n d  fü h r t  
zu r Z e rs tö ru n g  der O don tob lastze llen . Die E rö ffn u n g  der P u lp ah ö h le  h a t  noch  
schw erere  G ew ebsschädigungen  zu r Folge.

W ie  zah lreiche h isto log ische U n te rsu c h u n g e n  d a ra u f  h ingew iesen h a b e n , 
en tw ick e ln  sich in der gesch äd ig ten , e rö ffn e ten , u n b eh an d e lten  P u lp a  e n t 
z ü n d lich e , n ek ro tische  P rozesse, die sch ließ lich  unverm eid lich  zu r Z e rs tö ru n g  
des P u lpengew ebes füh ren . W ird  ab e r die g e sch ü tz te , geschlossene L age d e r
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P u lp a  m it einem  S c h u tz v e rb a n d  w ied erh e rg es te llt, b eg in n t die R eg en e ra tio n , 
d . h . d ie  re p a ra tiv e  D e n tin b ild u n g , die den  V ersch lu ß  der P u lp e n k a m m e r zu r 
F o lg e  h a t .  D as d ire k te  Ü b e rk a p p u n g sv e rfah re n  b e ru h t  ebenfalls a u f  d e r 
F ä h ig k e it  der P u lp a , d u rc h  B ild u n g  einer n eu e n  H a r ts u b s ta n z  die P e rfo ra tio n s 
ö ffn u n g  zu  versch ließen  u n d  so das P u lpengew ebe  d en  äußeren  R eizen  gegen
ü b e r  zu  verte id igen .

D ie au f diesem  G e b ie t tä tig e n  F o rsch e r h ie lte n  dem nach  die K lä ru n g  
je n e r  F a k to re n  fü r  w ich tig , die diese ak tiv e  A b w eh rfu n k tio n  der P u lp a  — in  
g ü n s tig e r  oder u n g ü n s tig e r  R ic h tu n g  — zu  b ee in flu ssen  verm ögen.

Z u r  B eh an d lu n g  d e r P u lp a  h a t  sich d as  v o n  H e r m a n n  1920 em pfoh lene  
C a (O H )2 am  b esten  b e w ä h r t.  D em  C a-Ion w ird  b e im  In g an g se tzen  d e r  n eu en  
D e n tin b ild u n g  eine en tsch e id en d e  Rolle be igem essen . D ie ersten  h isto log ischen  
U n te rsu c h u n g e n  an  d e r  m it  versch iedenen  C a -P rä p a ra te n  b ed eck ten  P u lp a  
e x p o n ie r te r  Z ähne w u rd e n  v o n  H e s s  und  M ita rb . [14] d u rch g efü h rt.

N euestens w aren  d u rc h  die gem einsam e A n w en d u n g  von  C a(O H )2 u n d  
K o rtik o s te ro id e  bzw . B re itb a n d a n tib io tik a  n o c h  b essere  R esu lta te  zu  erzielen .

I n  vo rliegender A rb e it  w ollen w ir ü b e r  u n se re , im  B ereich d e r d ire k te n  
P u lp e n ü b e rk a p p u n g  d u rc h g e fü h rte n  U n te rsu c h u n g e n  berich ten .

A nläß lich  der U n te rsu c h u n g e n  su ch ten  w ir 2 H au p tp ro b lem e  zu k lä re n :
1. d irek te  W irk u n g  des N eom ycin -C hloram phen ico ls au f die P u lp a  im  

S p iege l k lin ischer u n d  h isto lo g isch er U n te rsu c h u n g e n ,
2. k linische F o lgen  d e r d irek ten  P u lp e n ü b e rk a p p u n g , bei der das C a(O H )2 

m itte ls  K om pression  a u fg e tra g en  w urde.

1. Direkte W irkung des Neomycin-Chloramphenicols a u f die Pulpa

I n  einer v o ra n g e h e n d e n  M itte ilung  h a b e n  w ir ü b e r  unsere, im  Z u sa m m e n 
h a n g  m it der Caries p ro fu n d a  d u rch g e fü h rten  U n te rsu ch u n g en  sow ie ü b e r  die 
h e i d e r  B eh an d lu n g  d e r P u lp a e rk ra n k u n g e n  gew onnenen  E rfah ru n g en  b e r ic h te t  
[40]. A n h an d  der E rw ä g u n g , daß  w äh ren d  be i k a riö sen  Z ähnen  d e r k aries- 
b e d in g te  chronische R eiz  d en  A b w eh rm ech an ism u s d er P u lp a  in  G an g  se tz t 
u n d  d ie in  diesem  Z u s ta n d  an g ew an d te  B e h a n d lu n g  die sich im  A b w e h rz u s ta n d  
b e fin d lic h e  P u lp a  b e tr if f t ,  bei in ta k te n  Z ä h n e n  d e r A bw ehrm echan ism us d er 
P u lp a  dagegen n ic h t m o b ilis ie rt w ird  — n a h m e n  w ir an, daß  die P u lp a 
re a k tio n e n  der in ta k te n  u n d  kariösen  Z ähne  u n te rsch ied lich  sind.

Im  Laufe d er U n te rsu c h u n g e n  w aren  m it d e r  N eo m y cin -C h lo ram phen i
co l-K o m b in a tio n  sow ohl in  v itro  als auch  k lin isc h  g u te  R esu lta te  zu  erzielen . 
B is zu  diesem  Z e itp u n k t w urde  aber die N eom ycin -C h lo ram p h en ico l-K o m b i- 
n a t io n  n u r  zwecks in d ire k te r  Ü b e rk ap p u n g  v o n  k a riö sen  Z ähnen  — d. h . in  
F ä lle n , in  denen d e r A b w ehrm echan ism us d e r  P u lp a  bere its  m o b ilis ie rt 
w a r  — ang ew an d t. D e m n a c h  blieben die F ra g e n  zu  k lä ren : 1. w elche k lin i
sc h e n  S ym ptom e die N eo m y cin -C h lo ram p h en ico l-K o m b in a tio n  be i in ta k te n
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m ensch lichen  Z äh n en  h e rv o rru ft, falls es be i d e r d irek ten  Ü b e rk a p p u n g  u n 
m it te lb a r  a u f  die P u lp a  gestrichen  w ird , u n d  2. w elche A rt v o n  G ew eb sv er
ä n d e ru n g e n  in  d er P u lp a  en ts teh en .

D ie U n te rsu ch u n g en  w urden  an  6 in ta k te n , wegen K ie fe ro rth o p ä d ie  zu 
e x tra h ie ren d e n , o b eren -v o rd eren  P rä m o la re n  d u rch g efü h rt. Z w ecks A us
sch ließ u n g  einer ev en tu e llen  la te n te n  K aries  w u rd en  die Zähne rö n tg en o lo g isch  
u n te rs u c h t . In  L idokain -A n ästh esie  w urde  v o re rs t  in  der zen tra len  F u rc h e  der 
K a u flä c h e  eine k leine K a v itä t  geb ildet, so d a n n  w urde  nach B ep in se lu n g  der 
O b erfläch e  m it J o d , die P u lp en k am m er m it e in e r K ugelfräse (N r. 5) e rö ffne t. 
N a ch d em  die b lu te n d e  P u lp en w u n d e  m it N eo m y cin -C h lo ram p h en ico l-P u lv er 
b e s tre u t  w urde , fo lg te die V ersch ließung  des Z ah n es m it einer d ü n n e n  Z e m e n t
lö su n g  ohne K om pression . Zw ecks K o n tro lle  w u rd e  derselbe E in g riff  an  einem  
Z ah n  ohne A nw endung  d er A n tib io tik a  d u rc h g e fü h rt. Die K in d er w u rd e n  au f
g e fo rd e rt, sich im  F alle  des geringsten  S chm erzes so fo rt zu m elden . A m  3. T ag  
w u rd e n  säm tlich e  K in d e r k o n tro llie rt u n d  am  5. T ag  w urden die Z ä h n e  e x t r a 
h ie r t. B ei der K o n tro lle  u n d  u n m itte lb a r  v o r  d e r  E x tra k tio n  b e fra g te n  w ir die 
K in d e r  bezüglich  e tw aiger B eschw erden , a u ß e rd e m  w urden die p a th o lo g isch en  
S y m p to m e  (R eak tio n  a u f  th e rm isch en  u n d  e lek trisch en  Reiz bzw . B ek lopfen) 
d e r b e h a n d e lte n  Z ähne k lin isch  u n te rsu c h t.

D ie e x tra h ie r te n  Z ähne w urden  in  1 0 % ig e r Form alin lösung  f ix ie r t  und  
n a c h  D ek alz in ie ru n g  in  P a raffin -Z e llo id in  e in g e b e tte t; die 8 — 10 ц  d icken  
S c h n itte  w urden  m it H ä in a to x y lin -E o sin  g e fä rb t.

Ergebnisse

D ie U n te rsu chungsergebn isse  v e ra n sc h a u lic h t Tabelle I. A n läß lich  der 
am  3. u n d  5. T ag  d u rch g e fü h rten  K o n tro llu n te rsu c h u n g  w aren  säm tlich e  
P a tie n te n  beschw erdefre i u n d  gaben an , d a ß  sich  selbst nach A b k lin g en  der 
A n ästh es ie  keine S po n tan sch m erzen  m e ld e ten . 2 K inder (i"all 4 u n d  6) 
k la g te n  ü b er eine in  den e rs ten  T agen  n a c h  d e r B ehand lung  e m p fu n d en e  
K ä lte -E m p fin d lic h k e it, in  1 d ieser F älle  (F a ll 6) lag  außerdem  b e im  K au en  
D ru ck em p fin d lich k e it vor.

A u f therm ische  bzw . e lek trische  R eize re a g ie rten  2 von 6 Z ä h n e n  vo ll
k o m m en  no rm al (F a ll 1, 2). Zwei Z ähne (F a ll 3, 5) reag ierten  a u f  K ä lte -R e iz  
le b h a fte r , a u f  th e rm isch en  Reiz dagegen n o rm a l, w eitere 2 Z ähne (F a ll 4 , 6) 
re a g ie rten  a u f  th erm isch en  Reiz n ich t u n d  a u f  e lek trischen  R eiz  u n sich er. 
B eim  B eklopfen  erw ies sich 1 Z ahn  in m ildem  u n d  2 Zähne in  g e s te ig e rtem  
M aße als em pfind lich  (F all. 3, 4, 6).
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Histologische Untersuchung

A n d er Stelle des E in g riffs  t r a t  sch arf a b g e g re n z t ein koagu liertes, n e k ro 
tisc h e s  G ew ebskong lom era t in  E rsch e in u n g , in  d em  die norm ale S t r u k tu r  
e n tw e d e r  n ic h t oder n u r  k a u m  zu e rkennen  w ar. A p ik a l von diesem  G ebilde 
w ar a n  d e r  G renze d e r n e k tro tisc h e n  und  d e r d is ta l  liegenden  in ta k te n  S c h ic h t 
eine le u k o z y tä re  R e a k tio n  e rs ich tlich  (A bb. 1).

A u f  2 P rä p a ra te n  (N r. 4 u n d  6) b e fa n d  sich  im  K ronen te il d e r  P u lp a  
im  Z u sam m en h an g  m it dem  e rw äh n ten  n e k ro tisc h e n 'G e b ie t eine A b szeß h ö h le ; 
das P u lp en g ew eb e  d e r K ro n en p u lp e  w ar ö d e m a tö s  u n d  en th ie lt E ite rz e lle n  
in  d issem in ie rte r  oder g ru p p e n a rtig e r  A n o rd n u n g . D iagnose: P u lp itis  p u ru le n ta  
to ta l is  (A bb . 2, 3, 4).

A u f  4 P rä p a ra te n  (N r. 1, 2, 3, 5) w aren  in  d e r  N ähe der E in g riffss te lle  
k le in e  u m sch rieb en e  A b szeß h ö h len  m it e n tz ü n d lic h e r  U m gebung e rs ich tlich  
(A bb. 5). I n  F ä llen , in  d en en  die A bszeßhöhle in  d e r  N ähe der D e n tin su b s ta n z  
lag , g in g  au ch  die O d o n to b la s t-S u b s ta n z  z u g ru n d e . D as in ap ikaler R ic h tu n g  
lieg en d e  P u lpengew ebe  w ar — von  k leineren  S u ffu sio n en  und  ein igen e rw e ite r-

Tabelle I

Untersuchungsergebnisse

Klinische Sym ptom e Histologischer Befund

Nr.
R eaktion  auf

K älte W ärm e Beklopfen
elektrischen

Reiz
K ronenpu lpa W urzelpulpa

l . n o rm a l norm al no rm al norm al P u lp itis  p u ru 
le n ta  partialis

gesund

2. n o rm a l n orm al no rm al n orm al P u lp itis  p u ru 
le n ta  partialis

gesund

3. le ic h t
em p find lich

n orm al le ic h t
em pfindlich

norm al P u lp itis  p u ru 
le n ta  partialis

e rw e ite rte  
G efäße, an so n 
s te n  n o rm al

4. ke ine
R e a k tio n

keine
R e ak tio n

em pfind lich v e rm in d e rt P u lp itis  p u ru 
le n ta  to ta lis

P u lp itis  p u ru 
le n ta

5. g e s te ig e rt n o rm al no rm al geste ig ert P u lp itis  p u ru 
le n ta  partialis 
c ircum scrip ta

e rw eite rte  
G efäße m it 
k le in en  S u ffu 
sionen

6. k e in e
R e a k tio n

g este ig e rt em p fin d lich v e rm in d e r t P u lp itis  p u ru 
len ta

P u lp itis  p u ru 
le n ta
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te n , m it B lu t gefü llten  G efäßen abgesehen — in ta k t .  D iagnose: P u lp itis  p u ru - 
le n ta  p a r tia lis  c ircu m scrip ta  (A bb. 6).

Abb. 3 Abb. 4

Besprechung

Bei d e r B ew ertu n g  der U n tersu ch u n g serg eb n isse  fiel es au f, d a ß  die 
Z ähne n ach  d e r E rö ffn u n g  der P u lp a  p ra k tis c h  beschw erdefrei w a re n ; noch  
au ffa llen d er w ar diese T a tsach e  im  B esitz  d e r  a u f  schwere V erä n d e ru n g en  
h inw eisenden  h isto log ischen  B efunde. U n te r  den  klin ischen S y m p to m e n
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erw ies sich  in  bezug a u f  d ie pa tho log ische  V e rä n d e ru n g  der P u lp a  bzw . die 
S ch w ere  des Prozesses die a u f  B eklopfen des Z a h n e s  gegebene R e a k tio n  fü r  
das z u v e rläß lich s te  Z eichen, obw ohl in  ein igen F ä lle n  auch  diese U n te rsu c h u n g  
ir r e fü h re n d  negative E rg eb n isse  ergab . D ieser U m s ta n d  m ah n t bei d e r  B ew er
tu n g  d e r  R esu lta te  d er P u lp e n ü b e rk a p p u n g  z u r V orsich t, da, wie au s dem  
G e s a g te n  h e rv e rg eh t, in  m a n c h e n  F ällen  n e b s t k lin isch er B eschw erdefre ihe it 
s c h w e re  G ew ebsschäd igungen  vorliegen  k ö n n en .

Abb. 5 Abb. 6

2. Direkte Pulpenüberkappung mit C a(O H )%-Kompression

U b e r  ih re , bei d er A n w en d u n g  von C a(O H )a gew onnenen E rfa h ru n g e n  
h a b e n  FIa t t y a s i  [12], L ö r i n c z y  [25] u n d  R i t l o p  [35] b e rich te t. E in ig e  
F o rs c h e r  fü h rte n  zwecks F e s ts te llu n g  der g e e ig n e ts ten  M ethode V erg le ichs
u n te rsu c h u n g e n  durch  [30, 18, 10]. H ie rau f b e ru h t  die h eu te  bere its  a llgem ein  
a n e rk a n n te  A uffassung, d aß  d ie  geeignetsten  M itte l zur P u lp e n ü b e rk a p p u n g  
die C a (O H )2-P rä p a ra te  u n d  n eu esten s  das H y d ro c o rtiso n  und  die A n tib io tik a  
s in d .

D ie  speziellen K re is lau fv e rh ä ltn isse  d e r P u lp a , vornehm lich  a b e r  d er 
U m s ta n d , daß  zu den in  e in e r versch lossenen  K n o ch en k ap se l liegenden P u lp e n 
g ew eb en  die B lu tgefäße  d u rc h  eine enge E in g an g sö ffn u n g  v e rlau fen , e rk lä 
re n , d a ß  b e re its  eine v o rü b e rg eh en d e  H y p eräm ie  schw ere G ew ebsschäd igungen  
u n d  S ch m erzen  zu v e ru rsa c h e n  verm ag. Im  K e n n tn is  dieser a n a to m isc h e n  
V e rh ä ltn isse  v e rtre te n  s ä m tlic h e  F o rscher die A uffassung , daß die K o m p re s 
s ion  d e r  P u lp a  bzw. th e ra p e u tis c h e  M aßnahm en , d ie  die S teigerung  des D ru c k s  
in  d e r  P u lp a  herbeifüh ren , w om öglichst zu v e rm e id e n  sind, da der Ü b e rd ru c k
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d as em pfind liche  P u lpengew ebe sch äd ig t. I n  den sich m it den  F ra g e n  der 
P u lp a b e h a n d lu n g  befassenden  M itte ilungen  w u rd e  dem nach  w ied e rh o lt und 
au sd rü ck lich  d a ra u f  h ingew iesen, d aß  die M ed ik am en te  a u f  die P u lp a  ohne 
K om pressio n  a n g e b ra c h t w erden m üssen , u n d  auch  bei der V ersch ließ u n g  der 
P e rfo ra tio n sö ffn u n g  jeg liche K om pression  zu  verm eiden  ist.

K a l n in s  [16, 17] b e rich te te  u n te r  d en  e rs te n  ü b e r seine an  e x p o n ie rte n  
m ensch lichen  Z äh n en  m it K om pression  d u rc h g e fü h rte n  B e h a n d lu n g e n . E r 
w a n d te  das V erfah ren  v o re rs t an  gesunden  m ensch lichen  Z ähnen , so d a n n  1959 
an  H u n d ezäh n en  u n d  1962 an  m ensch lichen  M ilchzähnen an . D ie R e su lta te  
g e s ta lte te n  sich sow ohl im  k lin ischen  S inn  als auch  histo log isch  v o rte ilh a f t.

Untersuchungsmelhode

D en A nlaß  zu r U n te rsu ch u n g  gab  die B eo b ach tu n g  von  2 F ä llen  im  
J a h r e  1961, in  denen  an läß lich  der d ire k te n  P u lp e n ü b e rk a p p u n g  zufällig  
K o m p ressio n  a n g ew an d t w urde. Sobald  die E rg eb n isse  von  K a l n i n s  [16, 17] 
b e k a n n t w u rd en , w a n d te n  w ir die B e h a n d lu n g  v o re rs t n u r  v e re in z e lt, seit 
1965 jed o ch  p ro g ram m g em äß  an.

Unser Verfahren unterscheidet sich vom  ursprünglichen KALNiNSschen 
Verfahren nur darin, daß das C a(O H )2 n ich t m it einem pH -herabsetzendcn  
M ittel, sondern zwecks Erleichterung der R öntgenuntersuchung — m it 
D iatrizoat versetzt wurde.

Die U n te rsu ch u n g en  w urden  teils an  g esu n d en , teils an k a riö sen  Z ähnen  
d u rc h g e fü h rt; fo rtg e sc h ritte n e  bzw. m it N ekrose  einhergehende P u lp a e n tz ü n 
d u n g en  w urden  jed o ch  fü r  ungeeignet b e tr a c h te t .  Im  F alle  e in er P u lp itis ,  bei 
d e r die B eschw erden  se it m ehreren  T agen  b e s ta n d e n , ab er angenom m en  w erden  
k o n n te , daß  sich die irreversib le  E n tz ü n d u n g  d e r P u lp en k ro n e  n och  n ic h t au f 
die Z ahnw urzel a u sb re ite te , w urde  n ach  A m p u ta tio n  d er P u lp a  h e im  E in g an g  
des W u rze lk an als  die C a(O H )2 -f- D ia tr iz o a t-K o m p ress io n sb eh a n d lu n g  d u rc h 
g e fü h rt.

M ethod ik : N ach  F es ts te llu n g  d er D iagnose  w urde die P u lp e n k a m m e r 
in  L id o k a in -A n ästh esie  von  der K au fläch e  h e r m it einem  K u g e lb o h re r  (N r. 5) 
e rö ffn e t; bei K aries w urde  v o re rs t das k ariö se  D en tin  e n tfe rn t, so d a n n  w urde 
die P u lp a  in  der u n m itte lb a re n  N ähe d e r K a v i tä t  eröffnet. N ach  B lu ts tillu n g  
m it H 20 2 w urde  a u f  die O berfläche d e r P u lp en w u n d e  m it D ia tr iz o a t d ich t 
g em isch tes C a(O H )2 m it einem  W a tte b a u sc h  au fg ed rü ck t. D er Ü b e rf lu ß  w urde 
e n tfe rn t  u n d  eine Z em en t-G ru n d fü llu n g  sow ie eine endgü ltige  A m algam - 
iü llu n g  v e rfe rtig t. V or u n d  nach  der B e h a n d lu n g  sowie an läß lich  d e r K o n tro ll-  
u n te rsu c h u n g  w urden  von  den Z ähnen  R ö n tg e n a u fn a h m e n  v e rfe r tig t.
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/
Ergebnisse

In s g e s a m t w urden  27 Z äh n e  b eh an d e lt. 4 d ieser Z ähne (N r. 3, 7, 15, 
16) w u rd e n  1 4 W ochen n a c h  B eend igung  d er B eh an d lu n g  wegen o r th o d o n 
t is c h e r  In d ik a tio n  e n tfe rn t u n d  histo logisch  b e a rb e ite t . 1 P a tie n t  (N r. 22). 
m e ld e te  s ich  n u r  am  e rs te n  T a g  n ach  dem  E in g r if f  in  beschw erdefre iem  Z u
s ta n d  u n d  ersch ien  se itdem  z u r  K o n tro llu n te rsu c h u n g  n ic h t — so daß  led ig lich  
22 Z ä h n e  b ew erte t w erden  k o n n te n . Im  L aufe  d e r 1 — 17m onatigen  (d u rc h 
s c h n it t l ic h  5% m onatigen ) B eo b ach tu n g sze it e rw iesen  sich m it A u sn ah m e  
1 F a lle s  (N r. 19), in  dem  n a c h  5 M onaten  die V i ta l i tä t  des beschw erdefre ien  
Z a h n e s  u n s ic h e r w ar, die P u lp e n  der Z ähne m it  S icherheit fü r  leben sfäh ig . 
3 P a t i e n te n  b e rich te ten  ü b e r  u n m itte lb a r  n a c h  d e r B eh an d lu n g  a u fg e tre ten e , 
m ild e , v o rü b e rg eh en d e  S ch m erzen ; in  1 F a ll (N r. 26) m eldete  sich der S chm erz  
a u c h  in  d e r  ersten  p o s to p e ra tiv e n  W oche. 1 P a t ie n t  (N r. 20) b e k la g te  sich  
10 T a g e  n a c h  der B eh a n d lu n g  ü b e r K ä lte - u n d  W ärm eem p fin d lich k e it u n d  
ü b e r  s ta r k e  Schm erzen b e im  K au en . D a fe s tz u s te lle n  w ar, d aß  sich  in  d er 
d is ta le n  F u rc h e  der K au flä c h e  eine s teck n ad e lk o p fg ro ß e  K aries b e f in d e t, in  
d e r s ich  d a s  kariöse D en tin  b is  zu r P u lp a  e rs tre c k t, w urde  n ach  E n tfe rn u n g  d er 
k a r iö se n  T eile  die C a(O H )2-K o m p ress io n sb eh an d lu n g  auch  an  d ieser S telle  
d u rc h g e fü h r t .  Am d a rau ffo lg en d en  T ag  w ar d e r P a t ie n t  beschw erdefre i. D ie 
ü b r ig e n  Z äh n e  sind seit d e r  B eh an d lu n g  u n d  au ch  gegenw ärtig  k lin isch  b e 
sc h w e rd e fre i, au f phy sik a lisch e  Reize reag ie ren  sie n o rm a l, au ß erd em  v e ru rs a 
ch en  w e d e r  B eklopfen n och  n o rm a le  K a u tä t ig k e it  irgendw elche B esch w erd en  
(T ab . I I ) .

B e i d e r  B ew ertung  d e r R ö n tg e n a u fn a h m e n  k o n n te  festg este llt w erd en , 
d a ß  in  e in ig en  F ällen  — b eso n d e rs  bei Ju g e n d lic h e n  (F all 7, 16, A bb. 7, 8) — 
b e re its  in  d e r ersten  W oche eine ausg ep räg te  se k u n d ä re  D e n tin b ild u n g  e in 
s e tz te . I n  d e r M ehrzahl d e r F ä lle  en tw icke lte  sich  die rön tgeno log isch  n a c h 
w e isb a re  re p a ra tiv e  D e n tin b ild u n g  im  2 .—3. M o n a t. U nsere P a tie n te n  w aren  
v o rw ie g e n d  jü n g e r als 30 J a h r e ;  eine A u sn ah m e b ild e t ein 58 jäh rig er P a t ie n t ,  
bei d e m  n a c h  der am  7. Z a h n  d u rch g e fü h rten  P u lp a b e h a n d lu n g  die re g e n e ra 
tiv e  D e n tin b ild u n g  ebenfa lls b e o b a c h te t w erd en  k o n n te  (F all 10, A bb . 9, 10). 
P e r ia p ik a le  R a re fak tio n  k o n n te n  w ir rö n tg en o lo g isch  in  keinem  F a ll nach - 
w e isen . I n  1 Fall (N r. 27), in  dem  vor d er B e h a n d lu n g  der K ro n e n p u lp a  eine 
c h ro n isc h e  P u lp itis  d ia g n o s tiz ie r t w urde , t r a t  a u f  d er pe riap ik a len  R ö n tg e n 
a u fn a h m e  K alkm angel in  E rsc h e in u n g . G le ichze itig  wies auch  die sich  beim  
B e k lo p fe n  m eldende E m p fin d lic h k e it d a ra u f  h in , d aß  sich im  ap ik a len  P e r i
o d o n tiu m  eine K re is lau fs tö ru n g  en tw icke lt h a t .  D ie C a(O H )2 K o m p ress io n s
b e h a n d lu n g  bew irk te  die B esch w erd efre ih e it des Z ahnes, n ach  3 M o n a ten  
b ild e te  s ich  in der P u lp e n k a m m e r  re p a ra tiv e s  D e n tin , das die P e rfo ra tio n s 
s te lle  v e rsch lo ß . A uf d er K o n tro llrö n tg e n a u fn a h m e  w ar der p e riap ik a le  K a lk 
m a n g e l b e re its  n ich t m e h r zu  erkennen , d er Z a h n  reag ie rte  n o rm al a u f  p h y s i
k a lis c h e  R eize und  erw ies s ich  beim  B eklopfen  fü r  unem pfind lich .
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Tabelle II

D irekte P ulpenkappung m it C a (O II)  ̂ -Kom pression  
A ngaben  der beh an d e lten  K ran k en

Nr. Name
A lter

(Jahre) Klinische Diagnose
Behänd-

lung
Beobachtungs

zeit
Dutum  und Ergebnis 
der letzten Kontrolle

l . Dr. 
L. V.

26 Caries p rofunda 8| p 5 M onate 15.8.: sym ptom - u n d  
beschw erdefrei

2. É . V. 13 P u lp itis  partia lis  |6 p 3 M onate 16,6.: sym ptom - u n d  
beschw erdefrei

3. F . S. 18 Caries m edia  |5 p 1 M onat E x tra k tio n , 17.1.: sy m 
ptom - und  beschw erde
frei

4. I. S. 20 P u lp itis  a cu ta  7| p 4 M onate 21.6.: sym ptom - u n d  b e 
schw erdefrei

5. I. S. 20 P u lp itis  a cu ta  6| p 4 M onate 21.6.: sym ptom - u n d  
beschw erdefrei

6. Zs. N. 26 P u lp itis  chronica 
4 |, Caries p ro 
fu n d a  5|

p 3 M onate 11.6.: sym ptom - u n d  
beschw erdefrei

7. в. K. 14 n o rm ale r Z ahn 5| p 14 M onate E x tra k tio n , 25.5.: sy m 
ptom - und  beschw erde
frei

8. M. G. 17 P u lp itis  a c u ta  |7 A 5 M o n a te 2.5.: sy m p to m - u n d  
beschw erdefrei

9. S. N. 33 P u lp itis  a cu ta  4| p 6 m o n a te 10.7.: sy m p to m - u n d  
boschw erdefre i

10. D r.
F . M.

58 P u lp itis  acu ta  |7 A 12 M onate 2.7.: sym ptom - u n d  be 
schw erdefrei

11. I. S. 22 P u lp itis  a cu ta  |5 A 5 M onate 1.7.: sym ptom - u n d  b e 
schw erdefrei

12. I. S. 22 P u lp itis  a cu ta  |6 P 5 M onate 1.7.: sym ptom - u n d  be 
schw erdefrei

13. Â. Sz. 27 P u lp itis  chronica 
6|

P 5 M onate 1.7.: sym ptom - u n d  be 
schw erdefrei

14. Zs. A. 22 P u lp itis  a cu ta  8| P 3 M onate 28.6.: sym ptom - u n d  
beschw erdefrei

15. É. Cs. 22 n o rm aler Z ahn 5| P 1 M onat E x tra k tio n , 23.4.: 
sym ptom - u n d  be 
schw erdefrei
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Fortsetzung der Tabelle II

N r. Name
Alter

(Jahre) Klinische Diagnose
Behänd-

Jung
Beobachtungs

zeit
D atum  und  Ergebnis 
der le tzten  K ontrolle

16. J .  Gy. 15 n o rm ale r Z ah n  4| p 3 W ochen E x tra k tio n , 8.6.: E m p 
fin d lich k e it a u f  K ä lte  
u n d  B eklopfen

17. M. H . 19 P u lp itis  a c u ta  |6 p 4 M onate 8.3.: sy m p to m - u n d  b e 
schw erdefrei

18. M. K . 26 P u lp itis  a c u ta  6| p 4 M onate 8.3.: sy m p to m - u n d  be 
schw erdefre i

19: D r.
Z . K .

49 P u lp itis  a c u ta  |8 p 5 M onate 1.7.: sy m p to m - u n d  b e 
schw erdefre i, V ita l i tä t  ?

20. S. K . 19 P u lp itis  a c u ta  |7 p 2 W ochen 18.4.: W ärm e- u n d  
K ä lteem p fin d lich k e it, 
neuere  C aries am  selben 
Z ahn

21. B . L. 18 P u lp itis  a c u ta  |6 A 17 M onate 8.6.: sy m p to m - u n d  b e 
schw erdefre i

22. I .  L. 11 P u lp itis  a c u ta  6| A - der K ra n k e  m eld e te  sich 
n ich t

23. Zs. U. 21 Caries p ro fu n d a  |8 P 6 M onate 1.7.: sy m p to m - u n d  b e 
schw erdefre i

24. J .  H . 30 P u lp itis  a c u ta  |7 P 2 M onate 1.7.: sy m p to m - u n d  b e 
schw erdefre i

25. D r.
S .T .

50 P u lp itis  a c u ta  7| P 2 M onate 8.7.: sy m p to m - u n d  b e 
schw erdefre i

26. E . N . 19 P u lp itis  ch ro n ica  7| P 7 M onate 1.7.: sy m p to m - u n d  b e 
schw erdefre i

27. J .  W . 24 P u lp itis  a c u ta  [7 P 8 W ochen 5.7.: sy m p to m - u n d  b e 
schw erdefrei

A b k ü rz u n g ; P  =  d irek te  P u lp e n k ap p u n g  m it K om pression  
A  =  d irek te  A m p u ta tio n  m it K om pression

D ie  R esu lta te  fü h rte n  z u r  F e s ts te llu n g , d aß  säm tliche  b e h a n d e lte n  Z ähne 
b in n e n  k u rz e r  Z eit vo llk o m m en  b eschw erdefre i w urden  u n d  a u f  p h y sik a lisch e  
R e ize  in  n o rm ale r W eise re a g ie r ten .

D ie  histo logische B e a rb e itu n g  d e r e x tra h ie r te n  Z ähne is t  im  G ange.

Acta Medica Academiae Scicntiarum Hungaricae 24, 1967



D I E  M O D E R N E  A N S C H A U U N G  D E R  E N D O D O N T I E 105

Acta Medica Academiae Scicntiarum Hungaricae 24 ,  1907

Abb. 9Abb. 8Abb. 7

Abb. 10 Abb. 11

Abb. 13Abb. 12



106 j .  Ú J

Besprechung

D a  die B e o b a c h tu n g sz e it k u rz  u n d  die A n z a h l d er b e h an d e lten  Z ähne  
g e rin g  is t , au ß erd em  die h isto log ischen  B e fu n d e  n och  n ich t zu r V erfü g u n g  
s te h e n  — k ö nnen  aus u n se re n  U n te rsu ch u n g en  k e in e  allgem einen F o lg e ru n g en  
gezo g en  w erden . Die e in fach e  B eschre ibung  d e r B eh an d lu n g serg eb n isse  sp r ic h t 
a b e r  eben fa lls  fü r  die B ra u c h b a rk e it  des V e rfa h ren s .

1. Im  L aufe d er U n te rsu c h u n g e n  w u rd en  22 m ehrw urzlige, an  P u lp itis  
e rk r a n k te  Z ähne b e h a n d e lt ,  die m an bei d e r  ü b lich en  Z a h n s ta tio n sp ra x is  
e x t r a h ie r t  h ä tte . N ach  d e r d u rc h sc h n ittlic h  5 % m o n a tig e n  B e o b a c h tu n g sz e it 
w a r  fe s tzu s te llen , d aß  k e in e r d er Zähne B esch w erd en  v e ru rsach te  u n d  die E x 
t r a k t io n  sich  e rü b rig te .

2. I n  21 von  22 F ä lle n  k o n n te  die L e b e n sfä h ig k e it der P u lp a  m it S ic h e r
h e it  fe s tg e s te llt  w erd en ; in  1 F a ll w ar die V i ta l i t ä t  der P u lp a  u n sich e r, d er 
Z a h n  v e ru rsa c h te  ab e r k e in e  B eschw erden.

3. A u f den im  D u rc h s c h n itt  nach  5 ]/2 M o n a te n  v e rfe rtig ten  R ö n tg e n 
a u fn a h m e n  w aren  k eine  a u f  P u lp an ek ro se  h in w e isen d e  Zeichen zu b e o b a c h te n .

4 . W ie d a ra u f  die R ö n tg en b e fu n d e  h in w eisen , begann  bei den  P a tie n te n  
u n te r  30 J a h re n  die re p a ra t iv e  D en tin b ild u n g  in  au ffa llend  k u rze r Z e it. B ei 
e in e m  58 jäh rigen  P a t ie n te n  w ar 1 J a h r  n a c h  d e r  K om pressions-C a(O H )2- 
B e h a n d lu n g  der B eg inn  d e r  R e izd en tin b ild u n g  w ah rzu n eh m en .

5. I n  bezug a u f  die w irtsch a ftlich en  B ez ieh u n g en  des V erfah ren s  sei 
d a r a u f  hingew iesen, d aß  d ie  B eh an d lu n g  in  e in e r  S itzung  d u rc h g e fü h rt w er
d e n  k a n n  u n d  die Z äh n e  g e re t te t  w erden k ö n n e n , u n d  sich som it d er Z a h n e r
s a tz  e rü b rig t.

A n h a n d  des G esag ten  e rlau b en  w ir u n s  d ie  B eh au p tu n g , d aß  zw ecks 
E r h a l tu n g  der m eh rw u rz lig en  Z ähne die m it C a (O H )2 D ia tr iz o a t d u rc h g e fü h rte  
K o m p re ss io n s -P u lp e n ü b e rk a p p u n g  im  F a lle  e n tsp re c h e n d e r  In d ik a tio n  u n d  
g e n a u e r  D iagnose eine gee igne te  u n d  em p feh len sw erte  M ethode d a rs te ll t .

Acta M e die a Academiae Scientiarum Hungaricae 24, 1967
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L’EFFET DE L’HYPOTENSION ARTÉFICIELLE 
SUR LE DÉBIT CÉRÉBRAL CHEZ L’HOMME

P a r

J .  S z á n t ó , F . G a l l y a s  e t  F . K é k e s i

C LIN IQ U E DES M ALADIES N ER V EU SE S ET M EN TA LES DE L 'U N IV ER SITÉ D E  PÉCS

(R eçu  le 29 ju il le t  1966)

N ous avons exam iné  l’effe t de l ’ab a issem en t de la tension a r té r ie lle , p ro d u it  pa r 
a d m in is tra tio n  de tr im é ta p h a n  (A rfo n ad e), su r  la  c ircu la tion  céréb ra le , c h ez  16 su je ts 
p ré se n ta n t  de d ifféren tes a ffec tions n eu ro log iques.

N ous avons p u  c o n s ta te r  que  la  v ite sse  c ircu la to ire  cérébrale a  d im in u é  d a n s  to u t 
nos cas sous l ’action  de l ’h y p o ten s io n  arté fic ie lle . Le déb it cérébral n ’a c h a n g é  guère  sous 
l ’effe t d ’un  ab a issem en t m odéré  de  la  ten s io n  a rté rie lle , m ais il a  f o r te m e n t  d im inué 
en cas des chu tes im p o r ta n te s  de la ten s io n  a rté rie lle .

N ous n ’avons p as tro u v é  de co rré la tio n s  régulières en tre  les c h a n g e m e n ts  du  lit 
v a scu la ire  cérébral e t ceux  de la  ten s io n  a rté rie lle .

B ien  que  les tr a v a u x  p h y sio log iques m odernes aien t m is en  évidence 
q u ’il n ’ex is te  pas de co rré la tio n s é tro ite s  e n tre  les flu c tu a tio n s  de  la  tension  
a rté rie lle  systém iq u e  e t le d é b it san g u in  d u  cerveau  (voir: H ä g g e n d a l  e t 
J o h a n s s o n , 1965), on considère  g é n é ra le m en t com m e décisive l ’im p o rta n c e  
des ch u te s  de la  tension  a rté rie lle  d an s le dé term in ism e des a c c id e n ts  isché
m iques c é réb rau x  (voir: Z ü l c h , 1961). I l  e s t v ra i, cep en d an t, q u e  les obser
v a tio n s  les p lus récen tes n ’o n t pas é té  cap ab le s  de corroborer la  v a lid i té  de la 
co n cep tio n  selon laquelle  c’es t l ’ab a isse m e n t de la  tension  a r té r ie lle  q u i jo u e 
r a i t ,  d an s  la  m ajo rité  des cas d ’arté rio sc lé ro se , le rôle le p lus im p o r ta n t  dans 
l’év o lu tio n  des ram ollissem en ts c é réb rau x . C’e s t ainsi, p. e. q u e  C a s t a i g n e , 
L h e r m i t t e  e t  G a u t i e r  (1965) o n t fa it  re m a rq u e r  que «l’ex is ten ce  de  p e r tu r 
b a tio n s  fonctionnelles re s te  une  n o tio n  essen tie llem en t th é o riq u e ; o n  ne  l ’ob
serve q u ’ex cep tio n e llem en t d ans la  réa lité» . D e plus, chez 27 su je ts  p ré s e n ta n t 
des crises ischém iques tra n s ito ire s  K e n d e l l  e t  M a r s h a l  (1963) n ’o n t  ob ten u  
que  d an s  u n  seul cas l’a p p a ritio n  de la  sém iologie spon tanée  en  d im in u a n t 
la  te n s io n  arté rie lle  à 42 p. 100 des chiffres in itia u x . P arm is 234 m a la d e s  a y a n t 
une encépha lom alac ie , vérifiée  p a r  l’a u to p s ie , B a l a j t h y  (1964) a t r o u v é  dans 
36,9 p . 100 de cas une ten s io n  a rté rie lle  de 200 m m H g e t d an s  40 p . 100 des 
su je ts  des chiffres de 170 à 200 m m H g , ta n d is  que dans 20 p . 100 de son 
m a té rie l la  tension  a rté rie lle  é ta i t  n o rm a le . Ce qui est to u te fo is  re m a r
q u ab le , c’es t q u ’il a pu  c o n s ta te r  une  d ifférence  en tre  les cas m a la c iq u e s  et 
h ém o rrag iq u es . P a rm i les dern ie rs  (103 cas, égalem ent vérifiés) il n ’y av a it 
q u e  chez 7 p. 100 une ten s io n  a rté rie lle  n o rm ale .
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L es divergences des co n cep tio n s et l ’in té r ê t  d u  p roblèm e, ta n t  d u  p o in t 
de  v u e  théo rique  que p r a t iq u e ,  nous ont in c ité  à  re p re n d re  l’étude ex p é rim en 
ta le  d e  l ’effet de l’h y p o te n s io n  su r la c ircu la tio n  cé ré b ra le  chez l’hom m e.

Méthodes

N o tre  trava il repose su r  l ’o b se rv a tio n  des ch an g e m e n ts  de  la  c ircu la tion  cérébrale  chez 
16 in d iv id u s  souffrant de d if fé re n te s  m aladies du sy s tèm e  n e rv e u x . L a m éthode d ’é tu d e  de  la  
c irc u la t io n  cérébrale u tilisée  e s t  c e lle  de N y lin  (1960) e t m o d ifié e  p a r  nous-m êm es (Ga lly a s  e t 
Sz á n t ó , 1965a). Nous en r é su m o n s  b rièvem ent le p r in c ip e : o n  in jec te  des globules ro u g es 
o b te n u e s  d u  m alade ex am in é , m a rq u é e s  pa r isotope P 32, d a n s  l ’a r tè re  caro tide  in te rn e  d ’u n  
c ô té . O n  p re n d  chaque seco n d e , lo rs  d ’une période de 32 sec o n d es , des échantillons de san g  du  
b u lb e  d es  veines jugu la ires in te r n e s  à  l ’aide d’un a p p a re illa g e  au to m a tiq u e . On d é te rm in e  la  
r a d io a c t iv i té  des échan tillons d o n t  la  connaissance p e rm e t d e  c o n s tru ire  des courbes de d ilu tio n . 
O n  r é p è te  les mesures en i n je c ta n t  des globules rouges m a rq u é e s  d an s l’artè re  caro tide  in te rn e  
d e  l ’a u t r e  côté.

N o u s avons dé te rm in é  d ’a b o r d  le déb it, le tem p s de  t ra v e rs é e  m oyen e t le l it  v a sc u la ire  
d u  c e rv e a u  chez les m alad es m o d é ré m e n t narcotisés p a r  d u  tr ic h lo ré th y lèn e , a d m in is tré  p a r  
v o ie  in tra tra c h é a le , alors q u e  la  te n s io n  artérielle n ’a  p a s  é té  m odifiée. Selon nos p ro p res  
e x p é rie n c e s  cet anesthésique  se u l, à  doses m odestes, n ’in f lu e n c e  pas la tension  a rté rie lle . 
A p rè s  a v o ir  term iné les m esu res , n o u s  avons d im inué la  te n s io n  arté rie lle  en in je c ta n t d u  tr i-  
m é th a p h a n  e t nous avons d é te rm in é  de nouveau le d é b it ,  la  v ite sse  circula to ire  e t le l i t  v a s 
c u la ire  d u  cerveau.

Résultats

L e T ableau  I  n o u s  m o n tre  les valeurs in i t ia le s  de la  tension  a rté rie lle  
m o y e n n e ,*  celles du  d é b it ,  d u  tem ps de tra v e rsé e  e t  d u  lit vasculaire d an s  le 
c e rv e a u  ainsi que les c h iffre s  ob tenus p e n d a n t q u e  la  tension  artérie lle  a é té  
d im in u é . L a Fig. 1 p ré s e n te  les pourcentages d es  changem en ts des v a le u rs  
é tu d ié e s  en fonction d u  p o u rc e n ta g e  de l’a b a is se m e n t de la  tension  a rté rie lle  
m o y e n n e . Le tem ps de t r a v e r s é e  m oyen (F ig . l a )  au g m en te  d ’abord  m o d é ré 
m e n t ,  a lors que la  te n s io n  a rté rie lle  d im inue de  20  ou  de 30 p. 100, m ais  il 
d e v ie n t  de plus en p lus lo n g  lo rs  de l’ab a issem en t p lu s  prononcée de la  ten s io n  
a r té r ie l le . C’est ainsi q u e  n o u s  avons observé u n e  au g m en ta tio n  double  ou 
t r ip le  d u  tem ps de tra v e rs é e  lo rs  d ’une chu te  de la  te n s io n  artérielle  de 50 p . 100 
o u  de  70 p. 100, re sp e c tiv e m e n t. On a pu c o n s ta te r  des différences ind iv idue lles 
im p o r ta n te s .  C’est a lors q u e  l ’abaissem ent de la  te n s io n  artérie lle  de 64 p . 100 
n ’a  p ro d u it  q u ’une a u g m e n ta t io n  de 65 p. 100 d u  te m p s  de traversée  chez le 
m a la d e  3 e t la v itesse c irc u la to ire  a dim inué de m ê m e  degré chez le m a lad e  1, 
q u o iq u e  chez lui la  te n s io n  a rté rie lle  n ’a baissé q u e  de 30 p. 100.

L e débit sanguin  c é ré b ra l  a changé d an s  t o u t  nos cas sous l ’e ffe t de 
l’h y p o te n s io n  (Fig. lb ) .  L es  chiffres des c h a n g e m e n ts  ob tenus chez 4 m a lad es 
se t r o u v e n t  dans les lim ite s  des possibilités d ’e r r e u r  de no tre  tech n iq u e  sous

* L ’expression « tension  a r té r ie l le  moyenne» signifie  d a n s  ce trav a il la va leu r m o y en n e  
o b te n u e  en  ad d itio n n an t la  m o it ié  de la d ifférence e n tr e  la  tension  d ias to liq u e  e t 
s y s to l iq u e  à la valeur d ia s to l iq u e .
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Tableau I

Sujets
exami-

Tension artérielle 
moyenne Tension artérielle 

m m H g

D ébit to ta l du 
cerveau

Temps de traversée 
moyen

L it vasculaire du 
cerveau

nés
mmHg p. 100 ml/min p. 100 sec p. 100 ml p. 100

1. 115,0 100 140/90 1140 100 6,5 100 122 100
80,0 70 9 0 /7 0 1220 107 10,5 161 207 170
40,0 35 5 0 /3 0 750 66 17,6 276 2 2 0 180

2. 77,5 100 9 0 /65 1420 100 5,3 100 126 100
40,0 52 5 0 /3 0 1130 80 10,0 189 188 149

3. 132,5 100 155/110 620 100 5,7 100 59 100
47,5 36 55 /40 390 63 9,2 161 60 102

4. 112,5 100 130/95 1000 100 7,1 100 118 100
50,0 44 6 0 /40 720 72 13,0 183 156 132

5. 85,0 100 105/65 920 100 6,7 100 103 100

55,0 65 65/45 460 50 9,6 143 74 72

6. 117,5 100 145/90 1510 100 5,2 100 131 100

52,5 45 6 5 /4 0 700 47 8,8 169 99 76
67,5 58 85 /80 960 64 6,2 119 103 79

7. 92,5 100 110/75 1170 100 7,9 100 154 100
67,5 73 80/55 870 74 10,5 133 152 99
57,5 62 70/45 820 70 1 1 ,1 141 150 97

8 . 85,0 100 100/70 720 100 12,1 100 145 100
67,5 80 75/60 620 86 13,9 115 144 99

9. 95,0 100 110/80 820 100 8,8 100 120 100

75,0 79 9 0 /60 910 111 9,0 102 136 113
60,0 63 70/50 990 121 11,2 127 185 154

10. 90,0 100 110/70 1140 100 7,0 100 133 100
55,0 61 65/45 800 70 12,8 183 170 128
67,5 75 80/55 1130 99 10,3 147 194 146

11 . 100,0 100 115/85 860 100 5,8 100 83 100
50,0 50 6 0 /4 0 395 46 15,3 264 101 122

75,0 75 90/60 725 84 7,3 126 88 106

12. 95,0 100 110/80 1950 100 6,2 100 203 100

65,0 68 80/50 1780 91 8,1 131 240 118

13. 132,5 100 160/105 1340 100 6,8 100 152 100

87,5 68 105/70 1300 97 9,3 137 202 133

14. 97,5 100 105/90 750 100 14,3 100 179 100

75,0 77 90/60 570 76 16,0 112 152 85

15. 112,5 100 135/90 740 100 9,4 100 116 100

80,0 71 90/70 550 74 12,4 132 114 98

16. 75,0 100 80/50 470 100 14,4 100 113 100

55,0 74 65 /45 410 87 15,3 106 102 90
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l ’a c tio n  d ’une chu te  de la  te n s io n  artérie lle  de 25 ou de 34 p. 100. Chez un  
m a la d e  le déb it a a u g m e n té  de 11 e t de 21 p . 100 a lo rs que la  ten s io n  a rté rie lle  
m o y e n n e  a dim inué de 21 e t  de 37 p . 100, re sp e c tiv e m e n t. L ’ab a issem en t de la 
te n s io n  artérie lle  a e n g en d ré  la  d im inu tion  d u  d é b it  dans les au tre s  cas. Lors 
d ’u n e  d im in u tio n  de la  te n s io n  artérie lle  de m o ins de 30 p. 100 (6 cas) le d éb it 
a d im in u é  de moins de 26 p . 100. N ous avons o b se rv é  une  d im in u tio n  de d éb it 
d e  50 p . 100 de la  v a le u r  in itia le  lors d ’u n e  c h u te  ex trêm em en t prononcée

Tension artérielle moyenne

(d e  65 p . 100) de la  te n s io n  artérie lle, m ais la  red u c tio n  du  d éb it é ta i t  du  
m ê m e  degré dans u n  a u tr e  cas sous l’effe t d ’u n  ab a issem en t de la  ten sio n  
a r té r ie lle  de 30 p. 100. Q u a n t au x  co rré la tions e n tre  les chan g em en ts  de la  
p re ss io n  artérielle  e t ceu x  d u  d éb it cérébral, les d ifférences ind iv iduelles son t 
a lo rs  tr è s  frap p an tes . U ne a u g m en ta tio n  de 25 p . 100 du  d éb it (cas 9) m ais 
é g a le m e n t une d im in u tio n  de 50 p. 100 de celui-ci (cas 5) p eu v en t se d éve lopper 
so u s l ’e ffe t d ’une c h u te  de la  tension  a rté rie lle  m oyenne de 40 p. 100. Les 
v a le u rs  d u  p ourcen tage  de la  d im inu tion  du  d é b it sous l’ac tion  de l’ab a issem en t 
d e  la  ten s io n  artérie lle  so n t in férieures à celles de l ’au g m en ta tio n  du  te m p s  de 
tra v e rs é e  produ ite  p a r  le m êm e changem en t de la  ten sio n  artérie lle .

N o u s n ’avons tro u v é  aucune co rré la tio n  e n tre  les m od ifica tions de la 
te n s io n  artérielle  e t celles d u  l i t  vasculaire c é ré b ra l (F ig . le ) . In d é p e n d a m m e n t 
d u  d eg ré  de l’ab a issem en t de  la  tension  a rté rie lle  (de 20 à 70 p. 100) u n e  d i
m in u t io n  (de 20 à 30 p . 100) m ais aussi u n e  a u g m e n ta tio n  (de 70 à 80 p . 100) 
d u  l i t  vascu la ire  p e u v e n t se produ ire .

L es courbes de d ilu tio n  se déplacent v e rs  les tem p s prolongés sous l’effet
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de l’h y p o ten sio n  (F ig . 2). L e d é p la c e m en t des d ifféren ts p o in ts  des courbes 
n ’est to u t  de m êm e pas id e n tiq u e  l’u n  à l’au tre . Le tem p s de  l ’a p p a ritio n  
n ’es t que  p eu  changé, celui de la c o n c e n tra tio n  m axim um  es t a l té ré  de façon 
p lu s  im p o r ta n te  ta n d is  que celui de la  d isp a ritio n  est fo rtem en t m o d ifié . D ans

5 de nos cas le d ép lacem en t des co u rb es de d ilu tion  des d e u x  h ém isphères 
n ’é ta ie n t pas id en tiq u es  lo rs de l’ab a isse m e n t de la  tension  a r té r ie lle . C’est 
p o u r  c e tte  ra ison  que nous avons p u  c o n s ta te r  une différence e n t r e  le tem ps 
de tra v e rsé e  m oyen  de l’une des h ém isp h ères  e t  celui de l’a u tre  d a n s  la  période 
de l’h y p o ten sio n . D ans les cas où u n e  d ifférence en tre  les d e u x  h ém isphères 
e x is ta i t  d é jà  a v a n t l ’ab a issem en t de la  ten s io n  artérielle  elle e s t  devenue 
encore p lu s  m arq u ée  lo rs de l’h y p o te n s io n  (F ig . 2). On a o b se rv é , d a n s  deux 
cas, d eu x  m ax im um s d ’une des courbes de d ilu tio n  (Fig. 3).
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Discussion

B e r n s m e i e r  e t al. o n t  observé  la réd u c tio n  im p o r ta n te  du déb it cé réb ra l 
a p rè s  in jec tio n  de l’a z o m e th o n iu m  chez l’h o m m e , si la  tension  a rté rie lle  a 
d im in u é  au-dessous de 90 — 100 m m H g. E n  u t i l i s a n t  de l’hex am é th o n iu m , 
F i n n e r t y  e t al. on t t ro u v é  ég a lem en t une d im in u tio n  d u  flu x  sanguin  cé ré b ra l 
chez  des individus n o n  n a rc o tis é s . P a r  contre , H e y c k  a p u  co n sta te r l ’a u g m e n 
ta t io n  d u  débit c é réb ra l p e n d a n t  l’h y p o ten sio n  p ro d u ite  p ar l’H y d erg in e . 
T o u te fo is  G o t t s t e in  n ’a p a s  é té  en m esure d e  c o rro b o re r les ré su lta ts  de 
H e y c k . H a f k e n s c h i e l  e t  a l. n ’on t trouvé de c h a n g e m e n ts  ni du d éb it n i de la  
co n so m m atio n  d’oxygène d u  cerveau  lors d ’un e  ré d u c tio n  de la  ten sio n  a r té 
rie lle  m oyenne à 17 p . 100 d es  chiffres in itia u x .

L ’hypo tension  a in f lu e n c é  la  c ircu lation  c é ré b ra le  dans to u s de nos cas. 
L e te m p s  de traversée  d u  c e rv e a u  a augm enté , a u tr e m e n t  d it la  v itesse  c ircu 
la to ire  s’est ra len tie  p a ra llè le m e n t à la d im in u tio n  de la  tension  a rté rie lle  
(F ig . l a ) .  Le débit e s t r e s té  in ch an g é  dans les l im ite s  des possibilités d ’e r re u r  
de n o tr e  m éthode, dan s 4 c a s , il a dim inué, s a u f  1 seu l cas, dans tous les a u tre s . 
Si l ’ab a issem en t de la  te n s io n  artérielle a p ro g re ssé , la  réduction  d u  d é b it 
c é ré b ra l a continué à d im in u e r  (F ig. lb ) . O n p e u t  a lo rs  co n sta te r des c o rré la 
tio n s  e n tre  l’hy p o ten sio n  e t  le déb it, en tre  l ’a b a is se m e n t de la  tension  a r té 
rie lle  e t  le tem ps de tr a v e r s é e  d u  cerveau, les c o rré la tio n s  é ta n t q u an d  m êm e 
tr è s  v a riab les . Ce qu i p e u t  s ’exp liquer p a r l ’in te rv e n t io n  des m écanism es qu i 
jo u e n t  u n  rôle dans la  ré g u la t io n  du déb it c é ré b ra l m ais qui ne p e u v e n t p a s
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ê tre  to u jo u rs  éclairés e t con trô lés. Les m écanism es ré g u la te u rs  p e u v e n t m as
q u e r l’ac tion  de l’ab a issem en t de la  ten sio n  artérie lle  e t  co m p en se r, de cette  
façon , l ’influence de l’h y p o ten sio n . C’est ainsi que la  ré d u c tio n  d u  d éb it est 
b eau co u p  m oins im p o r ta n te  que la  d im in u tio n  de la v itesse  c ircu la to ire .

I l  est rem arq u ab le  que  le li t  v ascu la ire  du  cerveau  n ’a a u g m e n té  que 
d an s u n e  p a rtie  des cas; il es t re s té  inchangé  dans d ’a u tre s  e t  il a d im inué 
lég è rem en t chez 4 m alades. D ’ap rès nos o b se rva tions la r é a c tiv ité  des vaisseaux  
c é ré b rau x  cesse d ’ex is te r sous l’effe t des ganglioplégiques qu i d e v ra ie n t p ro 
d u ire  to u jo u rs  une v a so d ila ta tio n . Mais la  capac ité  des v a isseau x  c é réb rau x  de 
c h an g e r leu r calibre est d é te rm in ée , e n tre  a u tre , p a r la ten s io n  in tra c râ n ien n e . 
Chez les m alades d o n t la  ten sio n  in tra c râ n ien n e  est au g m e n té e , une vaso
d ila ta tio n  ne p e u t pas se d év e lopper, ou b ien  elle est m oins p ro n o n cée  q u ’en 
cas n o rm a u x . Si la  p ression  in tra v a sc u la ire  é ta i t  ré d u ite , sous l’ac tio n  d ’une 
d rogue  v a so d ila ta tr ic e  com m e sous celle du  tr im é ta p h a n , m êm e u n e  d im in u 
tio n  du  d éb it p e u t se p ro d u ire .

I l  y  a des co rré la tio n s e n tre  le d éb it, le tem ps de tra v e rsé e  e t le lit vas
cu la ire  d u  cerveau . Le d é b it au g m en te , re s te  inchangé ou b ien  il ne se réd u it 
que  p eu , m algré la  d im in u tio n  de la  v itesse  c ircu la to ire , seu lem en t d an s  des 
cas où le li t  v ascu la ire  aug m en te . Le ra len tissem en t de la  c ircu la tio n  cérébrale 
p ro d u it  une réd u c tio n  im p o r ta n te  du  d éb it dans des cas d an s lesquels le lit 
v a scu la ire  ne change pas ou b ien  il se ré d u it.

Les changem en ts c ircu la to ires  des d eux  hém isphères n ’o n t to n jo u rs  pas 
é té  id en tiq u es  e n tre  eux . D es d ifférences e x is ta ie n t en  cas où l’un  des 
h ém isphères, ou b ien  une p a r tie  de celui-ci, a v a it é té  lésée (G a l l y a s  e t S z á n t ó , 
1965b). O n suppose que la  v itesse  c ircu la to ire  e t le déb it n ’é ta ie n t  pas pareille
m e n t m odifiés dans le tis su  n o rm a l e t pa tho lo g iq u e  p a r  l’ab a isse m e n t de la 
ten s io n  a rtérie lle . C ette  su p p o sitio n  e s t co rroborée p a r la  d ifférence  d u  tem ps 
de tra v e rsé e  m oyen d an s  les d eu x  hém isphères. Le m ax im u m  doub le  p eu t 
s ’ex p liq u e r de la façon  su iv a n te : m êm e dan s l’hém isphère  p a th o lo g iq u em en t 
a lté ré  il reste  du  tis su  n o rm al. Les te rr ito ire s  n o rm au x  e t  p a th o lo g iq u es  on t 
leu r p ro p re  courbe de d ilu tio n , l’ad d itio n  desquelles donne f in a le m e n t une 
cou rbe  un ique  de d ilu tio n . Si la d ifférence en tre  la v itesse c irc u la to ire  d ans les 
p a r tie s  norm ales e t p a th o lo g iq u es, sous l’effet de l’ab a issem en t de la  tension  
a rté rie lle , est g rande, les courbes de d ilu tio n  de ceux-ci se fo n t d iffé rem m en t. 
C’e s t ainsi q u ’à cause du  dép lacem en t d iffé ren t des courbes de d ilu tio n  un 
m ax im u m  double se p ro d u it (M é r e i  e t G a l l y a s ).

N ous nous som m es proposé d ’é tu d ie r  les ch an g em en ts  c ircu la to ires  sous 
l ’effe t des ganglioplégiques. N os o b se rv a tio n s  nous m o n tre n t q u e  l’ab a issem en t 
de la  ten sio n  artérie lle  m oyenne à 33 p. 100 ne m odifie p as  e ssen tie llem en t le 
d é b it cérébral, c’es t-à -d ire  les chan g em en ts  de celui-ci ne su rp a s se n t pas 25 
p. 100 des chiffres in itia u x . L ’h y p o ten sio n  p lus p rononcée  ne  p ro d u it  de 
d im in u tio n  im p o rta n te  du  d éb it cé réb ra l q u ’en cas ou les gang liop lég iques ne
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p e u v e n t  p as  exercer leu r a c t io n  v aso d ila ta trice  celle-ci é ta n t  em pêchée, selon 
n o tr e  su p p o sitio n , p a r u n e  te n s io n  in trac rân ien n e  a u g m en tée . I l  nous p a ra î t  
in d iq u é  de m esurer la  te n s io n  in trac rân ien n e , e t de la  réd u ire  si elle é ta i t  
é lev ée , a v a n t  l ’ab a issem en t a rtific ie lle  de la  ten s io n  a rté rie lle .
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NEUERE GESICHTSPUNKTE 
BEZÜGLICH DER BEHANDLUNG 

DER AKUTEN NIERENINSUFFIZIENZ
Von

J .  P i n t é r , J .  Cs á s z á r , К . M i h a l e c z  und E . W ö l f e r

UROLOGISCHE K L IN IK  (D IR E K T O R : PR O F. DR. F. BALOGH) D E R  M ED IZIN ISCH EN  U N IV E R SIT Ä T , PÉCS 

(E ingegangen  am  2. S ep tem b er 1966)

A n h an d  v o n  e igenen  E rfah ru n g en  u n d  L ite ra tu ran g a b en  w ird  d ie  b esse re  P ro 
gnose der a k u te n  A nurie  de r en tsp rech en d en  P rä v e n tio n  u n d  der V e rv o llk o m m n u n g  der 
kom plexen  a n tiu räm isc h en  T h erap ie  zugeschrieben .

Des w eite ren  w ird  ü b e r  d ie günstige  W irk u n g  der M an n itb e h an d lu n g  in  de r a u f  
d ie D ialyse fo lgenden  po lyurischen  Phase  b e r ic h te t  u n d  d a ra u f  h ingew iesen , d a ß  sich 
zw ecks S tillung  de r im  L aufe  de r H äm o d ia ly se  a u ftre te n d e n  B lu tu n g  e-A m in o k ap ro n - 
säu re  g u t b e w äh rt h a t.

O bw ohl die K u n s tn ie re n b e h a n d lu n g  d e r a k u te n  A nurie  n u r  se it e tw a 
2 J a h rz e h n te n  an g ew an d t w ird , h a t  sich die th e rap eu tisch e  A n sc h a u u n g  au f 
G ru n d  der p a thophysio log ischen , p a th o lo g isch en  und  k lin ischen  F o rsc h u n g s 
ergebnisse in  m an ch er H in s ic h t g eän d e rt. D ie E rw e ite ru n g  d ieser K en n tn isse  
t ru g  dazu  bei, d aß  auch  die T eile rsch e in u n g en , die den  H e ilu n g sp ro zeß  der 
a k u te n  N ieren insuffiz ienz in  u n g ü n s tig e r  R ich tu n g  b ee in flu ssen , g ek lä rt 
w erden  k o n n ten  [12, 13, 14, 18, 20].

D ie E in fü h ru n g  d e r K u n s tn ie re n b e h a n d lu n g  e rw eck te  die H o ffnung , 
d aß  n e b s t en tsp rech en d er B eh an d lu n g  ein  g ro ß er T eil d er a k u t  an u risch en  
K ra n k e n  g e re tte t w erden  k an n . D ie sp ä te re n  E rfa h ru n g e n  e rg a b e n  jed o ch , 
d aß  die techn ischen  P rob lem e d er H äm o d ia ly se  die E rre ich u n g  des e rw ü n sc h 
te n  R e su lta ts  erschw eren . E in  T eil der a n  a k u te r  A nurie le id en d en  P a tie n te n  
v e r t r ä g t  näm lich  die h äm o d ia ly seb ed in g te  k a rd ia le  B e lastu n g  n ic h t. A u ß e r der 
v o rh an d en en  N ierenschäd igung  s te llt die G ru n d k ra n k h e it, O p e ra tio n , U nfa ll, 
Sepsis usw . fü r  den  O rgan ism us ohneh in  eine große B e lastu n g  d a r  u n d  die sich 
d azu  gesellende U räm ie  s e tz t die T ra g fä h ig k e it des H erzens u n d  des G efäß 
sy stem s d e ra rtig  h e rab , d aß  der P a tie n t  so g ar im  F alle  e iner rev e rs ib len  N ie ren 
v e rä n d e ru n g  h äu fig  noch  v o r oder n ach  d e r e rs te n  bzw. zw eiten  K u n s tn ie re n 
b eh an d lu n g  s tirb t. D ie gleiche B ed eu tu n g  is t  d er v e rm in d e rten  W id e rs ta n d s 
fäh ig k e it des O rgan ism us beizum essen , zu m al bei einem  w esen tlich en  T eil der 
a k u te n  anurischen  P a tie n te n  die T od esu rsach e  die u n b ee in flu ß b a re  Sepsis is t. 
D iese Todesfälle sind  noch  p ro b lem a tisch e r als die u räm isch en , d a  d e r  P a tie n t  
h äu fig  in  der po lyu rischen  P h ase  s tirb t ,  d. h. in  e iner P eriode , in  d e r  a n h a n d  
der in  G ang gesetz ten  D iurese b e re its  an zu n eh m en  ist, d aß  d er K ra n k e  g e re tte t  
w erden  kan n .
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I n  diesem  Z u sa m m e n h a n g  wollen wir die N o tw e n d ig k e it der e n tsp re c h e n 
d en  K o n tro llie ru n g  des T a g e sh a rn s  (Menge, spezifisches G ew icht) d er an  den 
v e rsc h ie d e n en  A b te ilu n g en  b e h an d e lten  F ie b e rk ra n k e n  aberm als ausd rü ck lich  
b e to n e n . O bw ohl die W ic h tig k e it dieser M aß n a h m e n  in  den verg an g en en  
J a h r e n  v o n  einer gan zen  R e ih e  von V erfassern  h e rv o rg eh o b en  w urde , fin d en  
s ich  a u c h  h eu te  noch  F ä lle , in  denen die K u n s tn ie re n b e h a n d lu n g  n u r  als 
» u ltim u m  Refugium « in  F ra g e  kom m t.

I n  le tz te r  Zeit h a t  sich  w egen  der v e rb e sse r te n  tech n isch en  A u sfü h ru n g s
w eise  d e r  H äm odialyse sow ie d er A nw endung v o n  n eu en  M ed ikam en ten  die 
A rb e i t  d e r  K u n s tn ie re n s ta tio n  v e rän d e rt [1, 6, 7, 10, 11, 15, 17, 19, 25]. Als 
R e s u l ta t  d er e n tsp rech en d en  P rä v e n tio n  u n d  T h e ra p ie  e rü b rig te  sich in  e inem  
g ro ß e n  T eil u nsere r F ä lle  d ie  K u n s tn ie re n b e h a n d lu n g .

Tabelle I

A ufsch lüsselung  des K rankenm ateria ls

Mannitbehandlung Hämodialys«

geheilt
gestor

ben
insge
samt geheilt

gestor
ben

insge
samt

insge
samt geheilt

gestor
ben

O p e rá t ionsschock 4 7 и l 2 3 14 5 9

T ra u m a tis c h e r  Schock 1 1 2 l 1 2 4 2 2

T ransfusionszw ischenfall — - - — — - 1* - 1

Schw angerschaftstox ikose 4 - 4 — 1 1 5 4 1

H e p a to re n a le s  Syndrom I - 1 — — - 1 1 -

N e p h ro to x in e  (Ä thylen
g ly k o l, O xyzyanat) — — — 2 — 2 2 2 —

S epsis, k rim ineller A bort, _ _ _ 2 _ 2 3* 2 1
a n d e re  U rsachen 1 2 3 1 1 2 5 2 3

A k u te  G lom erulonephritis 1 - 1 — — - 1 1 —

A k u te  A ufflackerung  einer 
c h ro n isch en  N ieren
e rk ra n k u n g 4 1 5 1 1 2 7 5 2

U re te rs te in 8 3 11 — — - 11 8 3

U re te rk o m p ressio n 4 5 9 — — - 9 4 5

Insgesam t 28 19 47 8 6 14 63 36 27

* 2 K ran k e  (krim ineller A b o rt bzw . T ransfusionszw ischenfall) s ta rb en  v o rd e r  H äm odia lyse.
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Die K u n s tn ie re n s ta tio n  u nserer K lin ik  fu n k tio n ie r t  seit N ovem ber 1964. 
D ie V erte ilung  des K ra n k e n m a te ria ls  v e ra n sc h a u lic h t T abelle I . In  d e r e rs ten  
K o lum ne der T abe lle  s ind  die m it der M a n n itth e ra p ie  erzielten  E rg eb n isse  
an g e fü h rt, die zw eite  K o lu m n e s te llt die R e s u lta te  der H äm o d ia ly sen  d a r, 
w äh ren d  in  d e r d r i t te n  K o lum ne die su m m ie rte n  R e su lta te  e rsich tlich  sind .

Die G ru p p ie ru n g  d e r F ä lle  in  der oben  a n g e fü h rte n  W eise sp iegelt die 
v e rä n d e rte  th e ra p e u tisc h e  A uffassung  der K u n s tn ie re n s ta tio n e n . Die M ann it- 
b eh an d lu n g  w u rd e  bei 47 an  a k u te r  A nurie  le id en d en  K ran k en  a n g e w a n d t; 
28 d ieser P a tie n te n  h e ilten . D as gute R e su lta t  k a n n  unseres E ra c h te n s  g rö ß te n 
teils dem  M an n it zugesch rieben  w erden, obw ohl die oligo-anurische P h ase  
w o h lb ek an n tlich  au ch  sp o n ta n  zu heilen v e rm ag . H ierbei sei b e to n t, daß  
m a n n itb e d in g te  K re islau fin su ffiz ienz  bzw . L u n g en ö d em  (ak u te  K re is lau f
insuffizienz) bei ke inem  d e r 19 V ersto rbenen  zu  b eo b ach ten  Avar. Bei 14 K ra n 
ken , bei denen  d u rch  M an n it die D iurese n ic h t  in  G ang  gesetzt w erden k o n n te , 
w urde die H äm o d ia ly se  an g ew an d t; 8 d ieser P a tie n te n  b lieben am  L eben , 
6 sta rb en .

D ie bei d er B e h an d lu n g  der a k u t an u risc h e n  K ra n k e n  gew onnenen  E r 
fah ru n g en  v e ra n la ß te n  u n s , ein  doppeltes Z iel zu  e rs treb en : enge Z u sam m en 
a rb e it m it den  a n d e ren  K lin iken  u n d  K ra n k e n h ä u se rn  und  au sg ed eh n te  
F o rsch u n g sa rb e it zw ecks V orbeugung d er a k u te n  N ieren insuffiz ienz. Des 
w eiteren  w ollen w ir ü b e r  unsere  E rfah ru n g en  b e ric h te n :

D as M an n it h a t  s ich  zw ecks V erh in d eru n g  d e r E n tw ick lu n g  d er a k u te n  
A nurie u n d  in  gew issen F ä llen  auch in d e r  In itia lp h a se  des P rozesses gu t 
b ew äh rt. In  A n b e tra c h t, d aß  seit 1958 ü b e r die M öglichkeiten d er M a n n it
th e rap ie  zah lre iche  M itte ilu n g en  b e ric h te te n  [2, 3, 4, 8, 9, 21, 22, 23, 24, 26], 
wollen w ir v o n  e in er e ingehenden  B esp rech u n g  d ieser F rage  in v o rlieg en d er 
A rb e it absehen .

N ach  u n se ren  b isherigen  E rfah ru n g en  w a r das M annit b esonders bei 
O pera tionsschock , Sepsis, S ch w an g ersch afts to x ik o se  u n d  ak u te  A u fflack eru n g  
d e r ch ron ischen  P y e lo n e p h ritis  w irksam . A n läß lich  der B ew ertu n g  u n se re r 
F älle  k a n n  ab erm als  fe s tg e s te llt w erden, d aß  d e r M annit-V erabfo lgung  sow ohl 
p rä v e n tiv  als au ch  th e ra p e u tisc h  in der F rü h p h a se  d e r Oligo-A nurie  eine au s
sch laggebende B e d e u tu n g  zukom m t.

Die T a tsa c h e , d a ß  se it d er E in fü h ru n g  d e r M an n itth e rap ie  die K u n s t
n ie ren b eh an d lu n g  sich  bei zah lreichen  P a tie n te n  e rü b rig t, se tz te  die H e ilu n g s
ziffern d er H äm o d ia ly se  h e rab . Die le ich te ren  F ä lle  können  näm lich  d u rch  
rech tze itig  a n g ew an d te , en tsp rech en d e  T h e ra p ie  auch  ohne H äm o d ia ly se  
geheilt w erden , diese F ä lle  w ären  aber auch  n a c h  d er K u n s tn ie re n b e h a n d lu n g  
als geheilte F ä lle  zu v erzeichnen  gewesen. D ie H äm od ia lyse  k o m m t som it 
vornehm lich  n ach  erfo lg loser M an n itb eh an d lu n g  in  schw ereren  F ä llen  bzw . bei 
an  schw erer G ru n d k ra n k h e it leidenden P a tie n te n , bei denen n ic h t se lten  
irreversib le  N ie ren v e rän d e ru n g en  vorliegen , z u r  A nw endung . D er U m sta n d ,
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d a ß  m i t  d e r  K u n stn ie re  w en ig er P a tie n te n  b e h a n d e lt w erden u n d  die T o d es
z iffe rn  an ste ig en , sch e in t d a ra u f  h inzuw eisen , d aß  der W irk u n g sg ra d  der 
K u n s tn ie re n b e h a n d lu n g  g erin g er w u rd e . D iese n u r  von s ta tis tisc h e m  S ta n d 
p u n k t  au s  in te ressan te  G e s ta ltu n g  d er R e su lta te  b e e in flu ß t ab e r be i d e r B e
w e r tu n g  d e r  G esam tergebn isse  das B ild  d e r  allgem einen S ta t is t ik  keinesw egs 
in  n e g a t iv e r  R ich tu n g .

D ie  M an n itv e rab fo lg u n g  k a n n  n ic h t n u r  als P rä v e n tio n  u n d  in  der 
F rü h p h a s e  d er a k u te n  N ieren in su ffiz ien z , so n d e rn  auch  in  d er p o ly u risch en  
P h a se  em p fo h len  w erden . Z u  B eg inn  d ieser P eriode  e rh ö h t sich  die D iurese  
d e r P a t ie n te n  von T ag  zu  T a g  n u r  stu fenw eise , u n d  n ich t se lten  e rw e is t sich 
bei e in e r  täg lich en  H a rn m en g e  v o n  1000 —1500 m l die H äm o d ia ly se  fü r  e r
fo rd e r lic h , d a  diese H a rn m en g e  zu r B eh eb u n g  des u räm ischen  Z u s ta n d e s  bzw . 
zu r W ie d e rh e rs te llu n g  des E lek tro ly tg le ic h g e w ich ts  ungenügend  is t . B e k a n n t
lich  s te ig e r t  die osm otische D iu rese  in  d e r po ly u risch en  P h ase  die tä g lich e  
H a rn m e n g e . Die in  d er p o ly u risch en  P h a se  d u rch g efü h rte  K u n s tn ie re n 
b e h a n d lu n g  h a tte  bei einem  T eil u n se re r  K ra n k e n  die V erm in d eru n g  d er D iu rese  
zu r F o lg e ; fü r  diese E rsc h e in u n g  w ar e in erse its  die V erm in d eru n g  d e r  H a r n 
s to ffk o n z e n tra tio n  im  B lu t, a n d e rse its  die d u rc h  die w äh ren d  d e r  H ä m o 
d ia ly se  e n ts te h e n d e  h äm o ly seb ed in g te  H äm o g lo b in zy lin d erb ild u n g  v e r a n t
w o r tl ic h . B ei einer D iurese v o n  40 -200  m l h ab en  w ir zw ecks S te ig e ru n g  
d e r H a rn m e n g e  in 5 F ä llen  M an n it v e rab fo lg t. E in e  Tagesdose v o n  50 — 75 g 
M a n n it  re su ltie r te , d aß  die T agesm enge des H a rn s  b innen  2 — 3 T ag en  a u f  
2 0 0 0 — 2500  m l anstieg , so d a ß  sich  die W ied erh o lu n g  der H äm o d ia ly se  e r
ü b r ig te . F a lls  durch  V erab re ich u n g  des o sm otischen  D iu re tik u m s die ge
w ü n sc h te  W irkung  e rz ie lt w ird , d a r f  die T agesdose des M ann its  v o rs ic h tig  
e rh ö h t w e rd en , w enn ab er d ie  M an n itv e rab fo lg u n g  keine D iu reseste ig e ru n g  
b e w irk t , s in d  w eitere V ersuche zw ecklos, j a  sogar gefährlich  u n d  dem zufo lge 
s tr e n g s te n s  k o n tra in d iz ie rt.

D em o n s tr ie ru n g sh a lb e r w ollen w ir e inen  u n se re r F älle  k u rz  d a rs te lle n :
D e r  17jährige Ju n g e  w u rd e  w egen d u rc h  O x y z y a n a tv e rg iftu n g  v e r

u r s a c h te r  A nurie  au fgenom m en . A m  7. T a g  k a m  es zu r H äm o d ia ly se , zwei 
T ag e  s p ä te r  b e tru g  die D iu rese  40 m l, am  n ä c h s te n  T ag  80 m l; R e s ts t ic k 
s to ffw e r t 154 m g% . U m  die w egen d er B lu te ra n la g e  des P a tie n te n  — a u f  
diese F ra g e  wollen w ir im  w e ite ren  zu rü c k k e h ren  gefährlich  sche inende  
W ie d e rh o lu n g  der K u n s tn ie re n b e h a n d lu n g  zu  verm eiden , en tsch lo ssen  w ir 
u ns z u r  E rp ro b u n g  d er M a n n itb e h a n d lu n g ; zu e rs t w urden  v o rs ic h tsh a lb e r  
n u r  50 g v e rab re ich t. V or d e r M an n itv e rab fo lg u n g  en tlee rte  d er P a t ie n t  von  
M orgen  b is  A bend n u r  100 m l H a rn , eine S tu n d e  n a c h  der M an n itg ab e  dagegen  
b e re its  100 m l; in  den d a rau ffo lg en d en  12 S tu n d e n  b e tru g  die D iurese  780 m l. 
A m  n ä c h s te n  T ag  w urde die M a n n itth e ra p ie  — se lb s tv e rs tän d lich  n e b s t e n t 
s p re c h e n d e r  F lü ssig k e itszu fu h r — fo rtg e se tz t, w o rau f die D iurese  sich  a u f  
3780 m l e rh ö h te  (spezifisches G ew ich t 1006). D er R es ts tick s to ffw ert s tieg
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w eite r n ic h t an , am  n ä c h s te n  T ag  b e tru g  die T agesharnm enge b e re its  5700 m l. 
N ach  3 W ochen  k o n n te  der P a tie n t  g eh e ilt en tlassen  w erden (A b b . 1).

B lu tu n g en  k ö n n en  sogar im  L au fe  e in e r techn isch  ta d e llo se n  K u n s t
n ie ren b eh an d lu n g  V orkom m en [16]. Z u r H e ra b se tz u n g  der h e p a rin b e d in g te n  
B lu tu n g sg efah r e ig n e t sich die sog. e x tra k o rp o ra le  H ep a rin isa tio n . I n  einigen 
F ä llen  k a n n  die B lu tu n g  m it P ro ta m in s u lp h a t  n ich t b ee in flu ß t w e rd en . Die 
E rgebn isse  d er F ib rin o g en -, E u g lobu lin ly se- u n d  P ro th ro m b in z e itb e s tim m u n 
gen w eisen d a ra u f  h in , d aß  fü r die w ä h re n d  der H äm odia lyse  b e o b a c h te te

Abb. 1

B lu tu n g  häu fig  d ie  gesteigerte  F ib rin o ly se  v e ran tw o rtlich  is t. W ir  u n te r 
su ch ten  die U rsache  d e r B lu tu n g  in  5 F ä lle n : in  4 Fällen , in  d en en  eine ge
ste ig erte  F ib rin o ly se  nachzuw eisen  w ar, k o n n te  die B lu tu n g  m itte ls  8 — 6 g 
fi-A m inokapronsäure  g estillt w erden . N ach  d en  L ite ra tu ra n g ab e n  is t  in  ä h n 
lichen F ä llen  auch  T ra sy lo l w irksam .

W ir sind  u n s  d a rü b e r  im  k la ren , d aß  a u ß e r  den  gesch ilderten  H e ilu n g s
v erfah ren  auch  die z u r  H e rab se tzu n g  d er h y p erk a liäm isch en , a z id o tisch en  u n d  
an d eren  u räm isch en  S ym p to m e em pfoh lene  B eh an d lu n g  w ertvo lle  H ilfe  b e 
d e u te t, in  v o rlieg en d er A rb e it b e sc h rä n k te n  w ir uns aber a u f  die B e k a n n tg a b e  
je n e r  th e ra p e u tisc h e r  M aßnahm en , die an  u n se re r  K lin ik  m it g u te m  E rfo lg  
zu r A nw endung  k am en .

Schließlich sei aberm als b e to n t, d aß  die H eilungsaussich ten  d e r  P a t ie n 
ten  m it a k u te r  A nurie  se it E in fü h ru n g  d e r r ic h tig e n  P räv en tio n  u n d  d e r sog. 
kom plexen  a n tiu rä m isc h e n  M edikation  w esen tlich  besser gew o rd en  sind. 
H ierbei wollen w ir d a ra u f  hinw eisen, d aß  bei 5 un sere r nach M an n itv e rab fo l-
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g u n g  geh e ilten  P a tie n te n  d ie  H äm odialyse w egen  des schw eren A llgem ein- 
u n d  k a rd ia le n  Z u stan d es n ic h t  d u rch g efü h rt w e rd e n  k o n n te . Die T o d e su r
sa c h e n  d e r  v e rs to rb en en  K ra n k e n  w aren e in e rse its  n a c h  schw eren V e rle tz u n 
g en  a u fg e tre ten e  sch o ck b ed in g te  K re islau fin su ffiz ienz  bzw . Sepsis, a n d e rse its  
fo r tg e sc h r it te n e  tu m o ro sé  m e ta s ta tisc h e  V e rä n d e ru n g en . N ich t zu u n te r 
s c h ä tz e n  is t  ferner d e r U m s ta n d , daß  in  d er p o ly u risch en  P hase  die M an n it-  
z u fu h r  e inen  d e ra rtig en  A n s tie g  der D iurese b e w irk t , daß die a n so n sten  n o t 
w e n d ig e  H äm odia lyse  v e rm ie d e n  w erden k a n n .
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DRINKING WATER AND RENAL 
CALCULUS FORMATION

By

F .  G Ö TZ, E .  W Ö L F E R  a n d  L . VÁRY

D EPA RTM EN T OF UROLOGY, U N IV E R SIT Y  MEDICAL SCHOOL, PÉCS 

(R eceived  S ep tem b er 16, 1966)

The incidence  o f re n a l calculosis o v er th e  in h ab ited  areas o f B a ra n y a  co u n ty  
show s a rem ark ab le  co n g ru ity  of th e  calcu lo u s a reas w ith  th e  range  o f  th e  M ecsek 
m o u n ta in . T he re su lts  o f d rin k in g  w a te r  te s ts  a n d  of e lectro ly te  in v es tig a tio n s  inc lu d in g  
Ca- and  M g-loading, in c rim in a te  th e  h igh  C a -co n ten t of th e  local d rin k in g  w a te r  fo r the  
p ro d u c tio n  of ren a l calculi w hereas th e  red u ced  serum  Mg level is b e liev ed  to  be a 
secondary  fac to r. In  th e  p resence of C a-o x ala te  an d  C a-phosphate  calcu li, lo ad in g  w ith  
Mg was follow ed by  a considerab le  re d u c tio n  in th e  o u tp u t of Ca an d  o f  p h o sp h a te s , 
a find ing  w hich serves as a basis for a p re v e n tiv e  ingestion  of Mg in re n a l ca lcu losis of 
th is  charac te r.

T he ex p lan a tio n s  o f calcu lus fo rm a tio n  in  th e  k idney , w h e th e r  derived  
from  pure  sp ecu la tion  or from  e x p e rim e n ta l evidence, are fa r from  b e in g  con
s is te n t and  are c o n tin u o u sly  changing . N ew  view s reversing  old beliefs have  
n o t failed  to  im p rin t w ith  th e ir  chang ing  c h a ra c te r  the  p rev a ilin g  a t t i tu d e s  
to  p rev en tio n  an d  t r e a tm e n t. W e shall n o t offer a com prehensive c r itic a l re 
view  o f all these th eo rie s; i t  is one p a r tic u la r  a spec t o f stone fo rm a tio n  w hich 
w ill be discussed here on th e  basis of o u r s tu d ies.

O ur in v estig a tio n s in to  th e  causes o f  sto n e  fo rm ation  have  b een  p ro m p t
ed b y  th e  high all-over incidence  of ren a l calculosis in B a ran y a  c o u n ty . On 
th e  ev idence of ou r s ta tis t ic a l  figures, b e tw een  1954 and  1963, 5.3  persons 
in 1000 had ren a l calculosis w hich h igh ly  exceeds th e  average n a tio n a l figu res. 
I t  seem ed therefo re  d esirab le  to  su b jec t th e se  cases to  a closer to p o g ra p h ic a l 
ana ly sis . More th a n  2000 cases w ere rev iew ed  from  th is  aspect. I t  w as su rp r is 
ing  to  fin d  th a t  in ce rta in  areas th e  inc idence  of renal calculosis w as excessive 
w hereas in o thers i t  w as n e x t to  nil. T he a rea s  were classified in to  th re e  g roups.

G roup I com prised  th o se  areas w here  th e  incidence of ren a l calcu losis 
is b e tw een  0.25 an d  0.29 p e r  cen t, i.e. in side  th e  range no rm al fo r th e  w hole 
c o u n try . G roup I I  rep re sen ts  th e  areas w ith  an  incidence of b e tw e e n  0.08 
p e r cen t and  0.17 p er cen t, w hile G roup I I I  those  w ith  an  inc idence  ran g in g  
be tw een  0.46 an d  0.8 p e r cen t. On m a p p in g  o u t these  areas a g a in s t th e  to p o 
g rap h ica l ch a rt, th e y  rev ea led  an  u n m is ta k a b le  congru ity  w ith  th e  ra n g e  of 
M ecsek m o u n ta in  (F ig . 1) w hich  tru ly  deserves th e  nam e of a ca lcu lo u s zone. 
I t  is to  be m en tioned  th a t  in th e  Siklós a rea  so u th  o f the  M ecsek, th e  inc idence  
o f  re n a l calculosis is con sid erab ly  low er. I n  M ohács it  co rresp o n d s to  0.4
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p e r  c e n t, w hereas in  th e  to w n  of Pécs i t  is 0.8 p e r  cen t. A s tu d y  of th e  d rin k in g  
w a te r  in  th e  respective  a re a s  has th row n su ff ic ie n t lig h t on th e  causes o f  th e  
d isc re p a n c y . The d ifference  betw een  th e  ca lc iü m -rich  d rink ing  w a te r  o f th e  
M ecsek  area  as opposed  to  th e  soft w ater o f th e  D a n u b e  basin  fu lly  acco u n ts  
fo r  th e  d is trib u tio n  p a t te r n  o f  calculosis. D r in k in g  w a te r  te s ts  in  th e  a rea  of 
P écs  h a v e  been m ade fu tile  b y  th e  fac t th a t  since a few  years th is  area  receives 
a d d it io n a l  supplies o f  D a n u b e  w ater w hich m a k e  th e  figures in c o n s ta n t, es
p e c ia lly  because th is  w a te r  com es from  d iffe ren t sources according to  necessity . 
N ev e rth e le ss , if  our su p p o s itio n  is tru e , th e n  th e  ch an g ed  com position  o f th e  
d r in k in g  w a te r m u s t ex p re ss  itse lf  in  th e  com ing  y e a rs  b y  a certa in  red u c tio n  
in  th e  incidence of re n a l calcu losis in Pécs.

Fig. 1. In c id e n c e  of renal calculosis in  B a ra n y a  cou n ty

• A nalysis of su rg ica lly  rem oved ren a l ca lcu li show ed th em  to  be o f  a 
m ix e d  com position , m a d e  u p  p rev a len tly  o f C a, P 0 4 an d  oxala te . H a lf  o f th e  
ca lcu li w ere rich in  m ag n esiu m . This fin d in g  h as  p ro m p ted  us to  s tu d y  th e  
b lo o d  Mg levels in  re n a l calculosis. The in te re s t  o f  th is  p o in t is s tressed  b y  th e  
f a c t  t h a t  Mg tak es p a r t  in  th e  s tru c tu re  o f p ra c tic a lly  every  h u m an  enzym e. 
I f  re n a l  calculosis is p re su m e d  to  be the co n seq u en ce  o f a com plex m etab o lic  
d is tu rb a n c e  th en  Mg m ig h t be  involved in  i t  som e w ay.

T h e  serum  m ag n esiu m  level is a round  2 m eq /1  u n d e r no rm al co n d itio n s, 
a n d  i t s  varia tio n s d e te rm in e d  b y  in take , o u tp u t ,  a n d  deposition  in  th e  b o nes, 
a re  s lig h t. In  th e  m a la b so rp tio n  syndrom e c o n se q u e n t upon  ex tensive in te s t i 
n a l  resec tio n  the  se ru m  M g level is low. T e ta n y  d u e  to  m a lab so rp tio n  is u n 
resp o n siv e  to  Ca u n less com b in ed  w ith  Mg.

T h e  organism  o f an  a d u l t  w eighing 70 k g  is k n o w n  to  con ta in  a p p ro x i
m a te ly  2000 m eq of M g. H a lf  o f th is am o u n t is d e p o s ite d  in  the  bones w herefrom  
i t  c a n  be m obilized in to  th e  blood and  r e tu rn e d  to  th e  skeleton  u n d e r  th e  
e ffec t o f certa in  s tim u li. F o r  instance, in  h y p o p a ra th y ro id ism  deposition  of 
M g in  th e  bones is ex cessiv e , as reflected  b y  th e  co rrespond ing  h y pom agnesae-
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m ia. O n th e  o th e r  h a n d , h y p e rp a ra th y ro id ism  m a y  likew ise lead  to  hypo- 
m agnesaem ia  b y  m o b iliza tio n  of Mg from  th e  b o n es  an d  its  e lim in a tio n  th ro u g h  
th e  k idneys.

W e h av e  s tu d ie d  se ru m  Mg level in  p a t ie n ts  w ith  ren a l calculosis and  
also in  co n tro l p a tie n ts ;  i t  w as fo u n d  to  be red u ced  slig h tly . On th e  o th e r  h a n d , 
th e  red u c tio n  w as m a rk e d  in  5 cases w ith  s ta g h o rn  calculi. T he d rin k in g  w a te r  
o f all o f th ese  p a tie n ts  w as rich  in  Mg and  s till m o re  so in  Ca, co rresp o n d in g  to  
50 G erm an  u n its  w hich  is o u ts id e  th e  range consid ered  f i t  for d rin k in g  pu rposes.

Fig. 2. E ffec t o f M g-load on e lec tro ly te  o u tp u t  c o rre la te d  w ith  th e  ty p e  of calculi

T he h a rd n ess  of th e  d rin k in g  w a te r  ranged  in  th e  rem ain ing  cases b e tw een  
14 an d  45 u n its ; one th i rd  o f th e  w aters w ere u n su ite d  for d rink ing .

B y  a jo in t  e v a lu a tio n  o f  th e  serum  Mg level a n d  th e  find ings o f th e  d rin k in g  
w a te r  te s ts  we h av e  a rr iv e d  a t  th e  conclusion t h a t  th e  in itia tin g  cause o f ren a l 
calculosis was th e  h igh  Ca c o n te n t of th e  w a te r  a n d  hy p o m ag n esaem ia  m ere ly  
a seco n d ary  fac to r. E xcessive  in ta k e  of Ca in h ib its  th e  in te s tin a l ab so rp tio n  
o f Mg a n d  causes its  e lim in a tio n  b y  th e  k id n ey s. T h is accoun ted  fo r th e  p re s 
ence o f Mg in 50 p e r c en t o f th e  exam ined  s to n es an d  also for th e  p reva lence  
o f hy p o m ag n esaem ia  in  o u r cases despite  th e  h ig h  Mg c o n te n t o f th e  d rin k in g  
w a te r.

A sim ilar effect w as o b ta in ed  b y  th e  o ra l a d m in is tra tio n  o f Ca b y  w hich  
i t  w as in te n d e d  to  rep ro d u ce  th e  stone fo rm in g  effect o f th e  h a rd  d rin k in g  
w a te r. T h e  resu lts  w ere rem ark ab le . U rin a ry  M g ex cre tio n  increased  b y  15 
p e r cen t, p ara lle l w ith  a s lig h t red u c tio n  in  th e  se ru m  Mg level. A t th e  sam e tim e , 
ex c re tio n  o f p h o sp h a te s  w as doubled  w hereas th e  increase of Ca ex cre tio n  
was m o d era te . In  sh o rt, ingestio n  of Ca h ad  th e  sam e consequence as h a rd  
d rin k in g  w ater.
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T h e  p resen t evidence ra ise s  th e  susp icion  th a t  am ple flu id  in ta k e , gener
a lly  a d o p te d  as a p re v e n tiv e  m easu re  a g a in s t ren a l calculosis, m ay  prom ote  
th e  fo rm a tio n  of calculi in s te a d  o f p re v e n tin g  it ,  if  th e  in c rim in a ted  d rin k in g  
w a te rs  a re  used for th is  p u rp o se .

E v id en ce  in  l i te ra tu re  c learly  lays dow n th e  ind ica tio n s fo r d rin k in g  
c u re s . I n  th e  case of p h o s p h a te  calculi id e n tif ie d  b y  th e  analysis o f  su rg ica lly  
re m o v e d  stones, am ple f lu id  in ta k e  is u n w a rra n te d . W e h ad  to  recognize th is  
in  o u r  cases w here th e  su rg ica l rem o v a l of p h o sp h a te  calculi follow ed b y  d rin k 
in g  c u re s  w as only too  soon fo llow ed b y  recu rren ce . C a-loading te s ts  in  w hich 
d o u b lin g  o f  phosphate  e x c re tio n  w as fo u n d , m a y  be reg ard ed  as a m odel ex 
p e r im e n t  rep roducing  th e  e ffec t of h a rd  w a te r  on sto n e  fo rm atio n s.

E ig h ty -s ix  p a tie n ts  w ere  su b jec ted  to  a Mg load  for th e  s tu d y  of th e  
e le c tro ly te  changes th u s  p ro d u c e d  (Fig. 2). A 46 p e r cen t re d u c tio n  in  phos
p h a te  ex c re tio n  was fo u n d  th ro u g h o u t regard less o f th e  ty p e  of th e  calculi. 
E x c re t io n  of Ca revealed  th e  follow ing changes. A n increase b y  30 p e r cen t 
w as fo u n d  in  th e  case of u r a te  calculi (11 cases) w hich  give no  X -ra y  shadow . 
C alcu li ap p earin g  as soft o p a c itie s  on th e  rad io g ram , p rev a len tly  Ca p h o sp h a te  
s to n e s  (28 cases), were a sso c ia te d  w ith  a 22 p e r cen t increase. I n  ca lcu li recog
n iz a b le  b y  th e ir  sharp  o u tlin e s  (p re v a le n tly  Ca oxa la te ) a 15 p e r cen t red u c tio n  
in  th e  ex c re tio n  of Ca w as fo u n d . M g-loading in  non-calcu lous co n tro l su b jec ts  
ra ise d  th e  excretion o f p h o sp h a te s  b y  16 p e r cen t an d  th a t  of Ca b y  36 per 
c e n t (14 cases). This ev id en ce  confines th e  p re v e n tiv e  value of Mg to  oxa la te  
c a lcu li w hereas th e  chances o f  th is  p re v e n tio n  are poorer in  th e  case of Ca- 
p h o s p h a te  calculi. In  th e  case  o f u ra te  ca lcu li a d m in is tra tio n  o f  M g is n o t 
o n ly  u se less b u t also h a rm fu l because  i t  m a y  lead  to  an  a d d itio n a l deposition  
o f  C a p h o sp h a te .

O u r  in te rp re ta tio n  is in  line w ith  th e  fin d in g  th a t  an im als k e p t  on a 
M g -d e fic ien t d iet developed  g lo m eru la r a n d  tu b u la r  d egenera tion  w ith  focal 
n e c ro s is , resu lting  in  re n a l ca lc ifica tio n . W e m ig h t reaso n ab ly  c o n n ec t these 
f in d in g s  w ith  th e  p ro d u c tio n  o f  s tag h o rn  calcu li, w hich in  ou r 5 cases were 
in v a r ia b ly  associated w ith  h y p o m ag n esaem ia . M oreover, necrosis o f  th e  p ap il
lae  w a s  alw ays to  be fo u n d  in  cases of s ta g h o rn  calculi in  a large m a te r ia l. I f  
on  th e  ev idence of an im al e x p e rim e n ts  h y p o m ag n esaem ia  is assu m ed  to  in te r 
fe re  w ith  th e  n u tr itio n  o f  th e  tissues an d  so w ith  th a t  of th e  re n a l pap illae , 
th e n  p ap illitis  or p a p illa ry  necrosis in it ia tin g  calculus fo rm a tio n  m u s t be 
r e g a rd e d  as secondary  to  h y p o m ag n esaem ia . T he effect of m assive  C a-in tak e  
d isc u sse d  earlier in  th is  p a p e r  is, obv iously , c o n tr ib u tiv e  to  th is  m ech an ism .

T h e  resu lts of th e  p re s e n t  s tu d y  b ased  on d rin k in g  w a te r  te s ts , analysis 
o f  c a lc u li and  Ca, P  a n d  M g d e te rm in a tio n s , are  b y  no m eans conclusive. 
T h e y  sh o u ld  be reg a rd ed  as th e  f irs t s tep  in  a m ore com prehensive  schem e 
d e s ig n e d  to  estab lish  th e  ro le  o f geograph ic  cond itions, m ore p rec ise ly , of 
d r in k in g  w ater, on th e  p ro d u c tio n  o f ren a l calculi.
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CAROTENODERMIA

By
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(R ece iv ed  S e p tem b e r 16, 1966)

Two cases o f c a ro ten o d e rm ia , in d u ce d  b y  th e  excessive co n su m p tio n  of w in ter 
sq u ash  (C ucurbita m axim a D itch ,), h av e  b een  s tu d ied .

(1) T he co n ce n tra tio n  of caro ten o id  in  th e  serum  of p a tie n ts  su ffe rin g  from  caro
ten o d e rm ia  is m an y  tim es h igher th a n  th e  n o rm al v a lu e ; i t  am o u n ted  in  one  of th e  ob se rv 
ed  cases to  2480 //g p e r 100 ml.

(2) I t  is th e  ca ro ten e  w hich  in d u ces  th e  rise  o f caro teno id  lev e l; th e  ra tio  of 
ca ro ten e  an d  x a n th o p h v ll a m o u n ts  to  9 : 1.

(3) T he b u lk  (90 p e r cen t) o f th e  ca ro ten o id  m ix tu re , a cc u m u la ted  in  th e  horny  
lay e r consists o f ca ro ten e ; th u s , th e  co m p o sitio n  o f  th e  m ix tu re  is sim ila r to  t h a t  o f the 
serum  caro ten o id s. C aro tenoids in g ested  w ith  th e  food  pass th ro u g h  th e  e p ith e liu m  and 
re ac h  th e  h o rn y  lay e r w ith o u t a chem ica l change .

(4) I t  is suggested  th a t  th e  d ev e lo p m en t o f caro ten aem ia  is cau sed  b y  th e  in su ffi
c ien t fu n c tio n in g  of an  u n k n o w n  selecting  m ech an ism  w hich is p re su m ab ly  se a te d  in  the  
in te s tin a l w all. T h is d y sfu n c tio n  ex is ts  o n ly  in  re sp e c t o f caro tene.

E p id e rm al s tim u li (m echan ical or p h o tic )  m ay  in fluence th e  c lin ica l p ic tu re  of 
ca ro ten o d e rm ia  b y  in ten sify in g  th e  p rocess o f d isco lora tion . I t s  p ro b ab le  m ech an ism  is 
d iscussed  in  d e ta il.

C aro ten o d erm ia  is a harm less sk in  p ig m e n ta tio n  occurring  in  in d iv idua ls 
w ho  consum e excessive q u a n titie s  o f v eg e tab le s  or fru its  o f h ig h  ca ro ten e  
c o n te n t.

C aro tenoid  is th e  collective  te rm  ap p lied  to  c e r ta in  liposoluble p ig m en ts  o f v egetab le  
o rig in . T h ey  m ay  be d iv id ed  in to  caro ten es co n sis tin g  of p u re  carbon  and  h y d ro g e n  a n d  in to  
x a n th o p h y lls  co n ta in in g  also 0.,. T he s tru c tu re  o f th ese  com pounds m ade up  of 40 c a rb o n  a tom s 
co n sis ts  o f 8 isop rene  u n its  and  a system  of c o n ju g a ted  double  bonds. I t  is th e  n u m b er and 
p o s itio n  of these  d o ub le  bonds, as well as th e  n u m b e r  a n d  linkage of th e  0 2 a to m s w hich  de
te rm in e  th e  c h a ra c te r  o f these  excessively  d iverse  su b s tan ces , including th e ir  co lou r in  w hich 
a ll sh ad es betw een  yellow  an d  d a rk  p u rp le  a re  rep re se n ted . M ost o f th e  c a ro ten o id s  fo u n d  in 
th e  an im al o rg an ism  o rig in a te  fro m  p la n ts ; u p  to  now , /9-carotene, ly copene, x a n th o p h y ll, 
c a p sa n th in e  an d  v io la x a n th in e  h av e  been id en tif ie d  (B ie l ig , 1955).

T he pecu lia r yellow  p ig m e n ta tio n  in  ca ro ten o d erm ia  is f ir s t  n o te d  in  the 
p a lm s  an d  soles over th e  callous a reas , in  y o u n g  children  on th e  m arg in a l 
p a r t s .  In  m ild  cases th e  p ig m en ta tio n  does n o t sp read  beyond  th e se  regions 
a n d  if  i t  is generalized , these  areas are  th e  m o st in tensively  p ig m e n te d . O ther 
s i te s  o f p red ilec tion  are th e  n aso lab ia l fu rro w s, th e  wrings an d  th e  t ip  o f the  
n o se , th e  eyelids, th e  fo rehead , th u s  th e  p ro m in e n t p a rts  of th e  face  w h ich  are 
r ic h  in  sebaceous g lands an d  m ost exposed  to  ligh t. The a reas  o f ju n c tio n  
(a x il la r  or ingu ina l folds) o r regions su b je c t to  m echanical i r r i ta t io n  (elbow , 
g ro in )  are fu r th e r  p re fe ren tia l sites of p ig m en t deposits w hereas th e  m ucous
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m em b ran es  and  th e  nails a re  h a rd ly  ever a ffec ted . C aro tenoderm ia  is easily  
d is tin g u ish ed  from  ja u n d ic e  b y  th e  absence o f sc le ra l p ig m en ta tio n  a n d  p ru r i
tu s . T h e  possib ility  o f q u in ac rin e -jau n d ice  m ay  be  ru led  ou t on th e  b asis  o f 
th e  h is to ry .

C aro ten o d erm ia , o rig in a lly  d escribed  b y  B a elz  in  1896, was show n in  th e  follow ing 
d ecad es to  b e  o f n u tr it io n a l  o rig in  an d  to  be  p ro m o ted  b y  c o n d itio n s associated  w ith  h y p e r-  
l ip a e m ia , su ch  as d iab e tes , m y x o ed em a, nephrosis, x a n th o m a to s is  w ith  p rim ary  h y p e rlip aem ia . 
In  su c h  co n d itio n s i t  m a y  even  arise  w ith  a  no rm al c a ro ten e  in ta k e .

T h o u g h  som e o f th e  chem ica l asp ec ts  of ca ro ten e  tu rn o v e r  have  been c la rified , th e  
re g u la to ry  m echan ism  of ca ro ten e  m etab o lism  in  h ig h er a n im a ls  includ ing  m an , fu r th e rm o re  
th e  ro le  o f  caro ten e  in  th e  o rg an ism  as well as th e  c h a ra c te r  a n d  a m o u n t of caro tene  d ep o sited  
in  th e  sk in  co nd itions a re  still u n so lv ed  problem s.

A b so rp tio n  of liposo lub le  caro ten es depends on th e ir  s ta te  of d is trib u tio n  a n d  so lu b ility  
u n d e r  th e  g iven  co n d itio n s, fu r th e rm o re  on  th e  a m o u n t o f fa ts ,  p h o sphatidès a n d  to co p h e ro l 
in  th e  fo o d , th e  presence o f b ilia ry  sa lts  a n d , la s t  b u t  n o t  le a s t ,  on  th e  condition  o f th e  a lim en 
ta r y  t r a c t .  In  th e  absence  o f  bile , no  a b so rp tio n  o f c a ro ten e  is possible; desoxycholic  acid  is 
p a r tic u la r ly  a p t  to  fo rm  a  ca ro ten e—bilia ry  acid  com plex. T h e  im p o rtan ce  of th e  fa ts  co n ta in ed  
in  fo o d  lies in  th e ir  in flu en ce  on b i lia ry  excretion . C aro ten e  is abso rbed  m ore re ad ily  f ro m  its  
em u lsio n s th a n  fro m  o ily  so lu tions. T his process is e n h a n c e d  b y  lecith in . In  in d iv id u a ls  k e p t 
o n  a  fa t- f re e  d ie t fro m  ra w  or b o iled  c a rro ts  2 to  5 p e r  c e n t a n d  from  finely  sh red  c a rro ts  15 
to  36 p e r  cen t o f th e  ca ro ten e  is a b so rb ed  while th e  re s t  is e lim in a ted  w ith  th e  stools. F ro m  
o ily  so lu tio n s  a b so rp tio n  am o u n ts  to  30 to  50 per cen t. U p ta k e  o f caro tene la rge ly  d e p en d s  on 
th e  c h a ra c te r  an d  a m o u n t o f fa ts  in g ested  s im u ltan eo u sly , th o u g h , according to  Ze c h m e is t e r  
e t  a l. (1935) th e re  is  a  d is tin c t se lective  ten d en cy  in  h ig h er an im als. T uzson  (1936) reg ard s  
th e  h u m a n  species “ as th e  p ro to ty p e  of those  o rg an ism s w h ich  have  th e  cap a c ity  o f  ta k in g  
u p  b o th  ty p e s  o f caro ten o id s, i.e. h y d ro carb o n s a n d  a lco h o ls” .

T h o u g h  th e  th re e  fac to rs , u p ta k e  of c a ro te n e , its  ab so rp tio n  fro m  th e  
a lim e n ta ry  t r a c t ,  a n d  th e  lip id  co n c e n tra tio n  o f th e  serum , d e te rm in e  th e  
b lo o d  ca ro ten e  level o f h e a lth y  in d iv id u a ls  consum ing  no rm al d ie ts , th e se  
fa c to rs  h a rd ly  acco u n t for ce rta in  fea tu res  o f ca ro ten o d erm ia . I t  is for in s ta n c e  
u n e x p la in e d  w hy som e fam ily  m em bers o f p e rso n s affec ted  w ith  c a ro te n o d e r
m ia  deve lop  no p ig m e n ta tio n , in  o th e r  w ords w h y  th e y  p resen t d iffe ren t serum  
c a ro te n e  levels u n d e r  id en tica l d ie ta ry  co n d itio n s.

T h e  ca ro teno ids ab so rb ed  from  th e  a lim e n ta ry  t r a c t  are b o u n d  to  serum  
lip o p ro te in s , p re v a le n tly  to  th e  ^ -frac tio n  w h ich  th e n  assum es a yellow ish  hue. 
I n  a d d itio n  to  th e  b lood  se rum , th e  su b c u ta n e o u s  fa t  tissue, th e  ep id e rm al 
la y e r , a n d  th e  sebaceous g lands m ay  also ta k e  a yellow  hue. The ca ro ten es are 
a lw ays fo u n d  to g e th e r  w ith  x a n th o p h y lls  in  th e  b lood  serum , in  th e  ra tio  
of 1 : 2 ( L e v e r  [1963]). O n th e  evidence of th e  f in d in g s  in  227 h e a lth y  persons 
of R o s s  a n d  P a r k e r  (1962) th e  n o rm al se ru m  ca ro ten e  level is 153 ^  50 p  g 
p e r 100 m l. U n d er n o rm a l cond itio n s, som e o f th e  caro tene  abso rbed  fro m  th e  
a lim e n ta ry  t r a c t  reaches th e  h o rn y  layer a n d  accord ing  to  reflex ion  spectro - 
g ra p h ic  in v es tig a tio n s  of E d w a r d s  and  D u n t l e y  (1939), is one o f th e  five 
d e te rm in a n ts  of n o rm a l sk in  colour. Ma c k e n n a  e t  al. (1950), how ever, fa iled  
to  d e m o n s tra te  s ig n ifican t am o u n ts  of ̂ -ca ro ten e  a n d  v itam in  A in th e  ace tone  
e x t r a c t  o f fa t  tissu e  o f th e  fo rearm . D e m o v s k y  (1957) show ed serum  ca ro ten e  
to  be  ex c re ted  an d  p a r t ly  co n v e rted  in to  v ita m in  A b y  th e  sebaceous g lands. 
T h is, how ever, does n o t occur unless ca ro ten e  is in tro d u ced  p a re n te ra lly  in
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excessive am o u n ts , la rg e  enough to  m a in ta in  a serum  level o f 500 to  750 ц g 
p er 100 m l (G r e e n b e r g  e t al., 1959). A fu r th e r  in te restin g  fa c t  em erging 
from  th ese  s tud ies w as th a t  m assive in g es tio n  o f caro tene over m o n th s  fails 
to  raise th e  serum  leve l beyond  a ce rta in  v a lu e . W hen caro tene  p re p a ra tio n s  
w ere being  ingested  in  m assive am o u n ts , th e  serum  level exceeded  th e  in itia l 
v a lu e  b y  50 to  150 p e r  c en t a t  th e  end o f th e  f ir s t  m o n th , b u t in th e  second  and  
th ird  m o n th s  i t  p e rs is te d  a t  th a t  h e igh t or, in  tw o  th ird s  of th e  cases, i t  de
clined . T he ph en o m en o n  was exp lained  b y  th e  d evelopm en t of c a ro te n e  to le r
ance w hich  was asc rib ed  to  a reg u la to ry  m ech an ism  of some k in d ; a th e o ry  
p ro p o sed  earlier b y  U r b a c h  e t al. (1952).

T hese in v es tig a tio n s  have  u n d o u b te d ly  th ro w n  ligh t on m a n y  aspects 
o f ca ro ten e  m etab o lism  especially  in re sp ec t to  n o rm al skin b io logy . N e v e rth e 
less, we s till lack  a p p ro p ria te  m ethods fo r a re liab le  id e n tific a tio n  an d  e s ti
m a tio n  o f th e  ca ro ten es  n o rm ally  found  in  th e  ep iderm is and th e  h o rn y  layer, 
an d  i t  is unknow n  w h a t k in d  of caro tene  is d ep o sited  in the  h o rn y  la y e r  u n d er 
co n d itio n s of ca ro te n a em ia  and  ca ro ten o d e rin ia , an d  w hether th e se  k inds 
of ca ro ten e  an d  th o se  to  be found  in th e  se ru m  are  consisten t w ith  th e  gested  
ca ro ten es. W e hoped  to  gain m ore in sig h t in to  th ese  problem s in  th e  lig h t of 
o u r ow n o b se rv a tio n s; from  am ong th ese , tw o  cases will be p re se n te d .

Case reco rds

1. G. M., a 45-year-o ld  fem ale, w as tran sfe rre d  to  us from  th e  m edical d e p a r tm e n t where 
she h a d  been  a d m itte d  w ith  a p p a re n t jau n d ice . M edical an d  ophthalm ological e x am in a tio n s  
rev ea led  n o rm al co n d itions. A p a rt from  th e  ja u n d ic e  th e  p a tie n t had  no sy m p to m s . Yellow 
p ig m e n ta tio n  of th e  sk in  becam e a p p a re n t w hen she h a d  been consum ing 200 to  600 g b aked  
p u m p k in s  (Cucurbita m a x im a  D uch) daily  over fo u r w eeks. T he clinical fe a tu re s  rev ea led  on 
adm ission  were ty p ica l. T h ere  was a generalized y e llow ish  p igm en tation  o f th e  sk in , p a r tic 
u larly  in ten se  over th e  p a lm s, th e  soles, the  face  a n d  in a  circum scribed a rea  o f  b o th  knees. 
O ver th e  tru n k  th ere  w ere in ten siv e ly  yellow s tre a k s  correspond ing  to th e  lin e  o f  th e  w a is t
b a n d . On resum ing  n o rm al food, th e  p ig m en ta tio n  slow ly  fad ed  b u t i t  was still a p p a re n t  a fte r  
a few  weeks.

2. H . S., a 36 -year-o ld  fem ale, was a d m itte d  w ith  re lapsing  labial herpes. O n  adm ission  
th e re  was a yellow  p ig m e n ta tio n  of th e  palm s, th e  so les, th e  face, th e  n a so lab ia l fu rro w s, th e  
ch in , a n d  p a rticu la rly  o f th e  forehead. H er da ily  d e sse r t h a d  been a m o d era te  slice  o f  bak ed  
p u m p k in  fo r th e  la s t fo r tn ig h t. She was en tire ly  sy m p to m -fre e  and no t c o n ce rn ed  w ith  her 
yellow  co lour hav ing  experien ced , “ som ething o f t h a t  s o r t”  tran s ie n tly  also in  th e  p a s t.  A p a rt 
from  g astr ic  an ac id ity , c lin ica l in v estiga tions rev ea led  n o rm al conditions. On re su m in g  norm al 
food, th e  yellow  p ig m e n ta tio n  began  to  fade. W hen  fo r experim en ta l p u rposes to  w hich  she 
read ily  consen ted , she  w as th en  g iven 200 g b ak ed  p u m p k in  daily , in e ig h t d a y s  th e  yellow  
p ig m e n ta tio n  ap p eared  a g a in  over th e  areas d e ta ile d  above. A t th is p o in t o f t im e  w ere  th e  
b lood  caro ten e  d e te rm in a tio n s  m ade.

In  these p a tie n ts , th e  following ex a m in a tio n s  were c a rr ie d  ou t.
(1) Serum  ca ro te n e  estim ation  in b o th  cases.
(2) Id e n tif ic a tio n  of p igm ent iso la ted  fro m  th e  serum  in b o th  cases.
(3) In  one o f th e  cases iso lation  o f p ig m e n t from  th e  horny  la y e r , fra c tio n 

a tio n  an d  id en tif ic a tio n  of th e  iso lated  p ig m e n t in  one of the  cases.
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Methods

F o r  th e  id en tif ic a tio n  o f caro ten o id s spec troscopy  w as applied . T his h ig h ly  se n sitiv e  
a n d  sp e c if ic  m e th o d  allow s th e  d iffe ren tia tio n  of ca ro ten o id s  from  any o th er ty p e  o f  p ig m e n t 
on  th e  b a s is  o f  th e  ch arac te ris tic  ab so rp tio n  bands. In s te a d  o f  th e  fu ll spec trum , th e  ab so rp tio n  
m a x im a  a re  d e te rm ined . T h e ir p o sitio n  and  in te n s ity  d e p e n d  on th e  co n fig u ra tio n  o f  th e  
s u b s ta n c e , th e  n u m b er a n d  c h a ra c te r  o f th e  fu n c tio n al g ro u p s , an d  on th e  so lv en t u sed . T he 
a b so rp tio n  sp e c tru m  alone is, h o w ev er, insufficien t fo r th e  id en tif ic a tio n  of in d iv id u a l co m p o 
n e n ts  o f  a com plex  of ca ro ten o id s  w ith  closely re la te d  s tru c tu re s , as the  a b so rp tio n  m ax im a  
o v e r la p  a n d  form  a b ro ad  u n sh a rp  b a n d . The in d iv id u a l co m p o n en ts  have to  be  iso la te d  in  
o rd e r  to  b e  id en tified  b ey o n d  a n y  d o u b t. A certa in  s e p a ra tio n  is p rov ided  by  th e ir  p a r ti t io n  
b e tw ee n  tw o  d ifferen t im m iscib le  so lven ts . In  a b en zen e— 90 per cen t m ethano l m ed iu m  th e  
c a ro te n e  h y d ro carb o n s  p ass in to  th e  benzene phase  w h e reas  th e  xan th o p h y lls  re m a in  in  th e  
m e th a n o l  p h ase  (K r a u s— So r b y ). A dsorp tion  c h ro m a to g ra p h y  based on th e  sp ec ific  a d 
so rp tio n  a f f in i ty  o f th e  d iffe re n t m olecules suits i ts e lf  b e s t  fo r  th e  separa tion  o f c a ro ten o id s . 
B in d in g  o f  th e  x an th o p h y lls  w ith  th e  g rea tes t n u m b er o f O H -g ro u p s is th e  s tro n g e st, in  con
t r a s t  to  th e  caro tenes w hose fu n c tio n a l groups are m ad e  u p  o f double bonds. F o r  th is  re aso n , 
/9 -caro tene w hich  has 11 c o n ju g a te d  double bonds in h ib its  a  g re a te r  adso rp tion  a c t iv ity  th a n  
does a -c a ro te n e  w ith  its  10 d o ub le  bonds. Id en tifica tio n  o f th e  p igm ent frac tio n s iso la te d  on 
th e  c h ro m a to g ra p h ic  co lum n is d o n e  b y  de term in ing  th e  ab so rp tio n  m axim a. O ur p ro c ed u re  
w as as fo llow s.

1. P re p a ra tio n  of ca ro ten e  e x tra c t .  2. D e te rm in a tio n  of carotene co n ce n tra tio n s . 3. 
D e te rm in a tio n  of th e  a b so rp tio n  m ax im a . 4. Iso la tion  of th e  p ig m e n t by  ch ro m a to g ra p h y , an d  
id e n tif ic a t io n  of th e  p igm en t.

T h e  ca ro ten e  e x tra c ts  w ere p re p a re d  b y  the  m eth o d  o f  Z ec h m eister  (1937). 10 m l se ru m  
is sh a k e n  v ig o ro u sly  w ith  20 m l e th e r ,  th en  10 m l 30 p e r c e n t  alcoholic K O H  is a d d ed . A fte r  
24 h rs . w h en  sap o n ificatio n  is co m p le te , th e  e ther p h ase  is se p a ra te d  and  w ashed u n t i l  a lkali- 
free . A f te r  exsiccation  w ith  N a2S 0 4 i t  is ev ap ora ted  to  d ry n e ss  in  v acuum  a t 40° C; th e  resid u e  
is ta k e n  u p  in  benzene. W hen  c a ro ten e  is ex trac ted  from  e p id e rm a l scrapings, th e  sk in  sam ple  
is e x s ic c a te d , pu lverized , sap o n ified  w ith  alcoholic K O H , th e  caro ten e  is tran sfe rre d  in to  e th e r  
a n d  fro m  th is  stage on tre a te d  a s  above.

F o r  phasic  se p a ra tio n  th e  benzene  solutions a re  sh a k e n  w ith  an equal v o lu m e o f 90 
p e r c e n t  m eth an o l.

F o r  estim a tio n s a  S p ek k er ty p e  pho to m eter w as u se d . E x tin c tio n  of th e  so lu tio n  is 
m e a su re d  b y  th e  aid o f a  f i lte r  N o. 602. The c a lib ra tio n  c u rv e  is p repared  fro m  /9-carotene. 
F o r  th e  d e te rm in a tio n -o f  a b so rp tio n  m ax im a a g rid -sp ec tro sco p e  was used (L ö w e — S c h u m ) 
w ith  b e n ze n e  as th e  so lven t. C h ro m a to g rap h y  of th e  p ig m e n t e x tra c t  was perfo rm ed  o n  a h y 
d ra te d  lim e  ad so rb en t w ith  a tu b e  N o. 2 (20 cm by 2 cm ). T h e  ch rom atogram  is dev elo p ed  w ith  
b e n ze n e , th e  in d iv id u a l frac tio n s  a re  e lu ted  w ith  m e th a n o l a n d  for the  d e te rm in a tio n  o f a b 
so rp tio n  m ax im a  th e  p ig m en t is tran s fe rre d  in to  benzene.

Results

T h e  am o u n t o f p ig m e n t e x trac ted  from  ca ro ten o d erm ic  serum  a m o u n te d  
to  2480 /лg per 100 m l in  case N o. 1, and  520 jitg p e r  100 m l in case N o. 2.

I n  o rd e r to  id e n tify  th e  caro tenes acco u n tin g  fo r th e  increase in  ca ro ten e  
c o n c e n tra tio n , th e  a b so rp tio n  sp ec tra  of th e  p ig m e n t ex trac ts  were d e te rm in ed . 
T h e  a b so rp tio n  m ax im a  w ere 480 m fx and  451 m ц  in  case No. 1, an d  480 m /i 
a n d  450  mfi  in  case N o. 2. O n these  grounds th e  e x tra c te d  pigm ent w as re liab ly  
id e n tif ie d  as caro tene. T he caro tenes acco u n tin g  fo r  th e  excess w ere iso la te d  
b y  m e a n s  o f c h ro m a to g ra p h y . T he ch ro m ato g ram  o f th e  serum  of case N o. 2 
sh o w ed  a  yellow ish-p ink  to p  lay e r m easuring  2 m m , followed b y  an  e m p ty  
la y e r  60 m m  b ro ad  an d  a 4 m m  lay er v e ry  f a in t ly  orange in  colour, w h ereas  
th e  o th e r  frac tions w ere colourless. The co lum n w as cu t in to  th ree  p o rtio n s ,
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th e  u p p e r  20 m m  (I), a n d  ( I I )  an d  ( I I I )  each  of 80 m m ; th e se  w ere  elu ted  
w ith  m e thano l.

T h e  ch ro m ato g ram  o f case No. 1 is show n in Fig. 1. T he co lu m n  w as cu t 
in to  th re e  p a rts  acco rd ing  to  th e  scale seen on th e  left.

F ractions Chrom atogram  Layer thickness Colour

co lourless

p ink

diffuse  yellow

colourless

yellow
colourless
yellow

colourless

p ink  (d iffu se) 
yellow

rem ain ing  frac tions co lourless 

F ig. 1. C h ro m ato g ram  o f serum  from  p a tie n t  H .M . (Case N o. 1)

In  order to  id e n tify  th e  sep a ra ted  ca ro ten es, th e  p ig m en ts  from  the 
m eth an o lic  e luates o f th e  in d iv id u a l frac tio n s  w ere tra n sfe rre d  in to  benzene 
an d  th e  abso rp tion  m a x im a  w ere m easu red  (T able I). T he la s t  co lum n  in 
T ab le  I  shows th a t  th e  ca ro ten es iden tified  in  th is  m an n er h a d  m ad e  up  the 
m a jo r ity  of th e  in d iv id u a l frac tions. A ccord ing  to  th e ir  ph asic  sep a ra tio n , 
90 p e r  cen t of th e  ca ro ten o d erm ic  p ig m en ts  w ere ep iphasic , th u s  caro tene- 
h y d ro ca rb o n s , w hereas th e  p ig m en ts  of th e  co n tro l serum  w ere e q u a lly  d iv ided  
b e tw een  epiphase an d  h y p o p h ase .

In  Case No. 1, e x tra c ts  w ere o b ta in ed  from  th e  h o rn y  la y e r  sc ra p e d  off 
w ith  a scalpel from  th e  m o st conspicuously  p ig m en ted  sites (so les, knees).

I I .

I I I .

20 m m

1 m m

8 m m

60 mm

2 mm 
6 m m  
2 m m

10 m m

6 m m  
2 m m
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Table I

A b so rp tio n  m a xim a  o f benzene so lu tions o f  
fr a c tio n s  separated by chrom atography

Frac
tion

G. M.
(Case No. 1)

H. s.
(Case No. 2)

Identified 
type of 

carotenoid

I 478, 447 (478), (447) X a n th o p h y ll

и 482, 451 (483), 452 jö-carotene

in 482 , 451 - ß -caro tene

T h e  a b so rp tio n  m ax im a w ere  a t  484 and 454 m p.  O n  phasic  sep a ra tio n  th e se  
e x t r a c t s  showed th e  sam e  p a t t e r n  as those o f se ru m , being  ep iphasic  in  90 
p e r  c e n t . Thus, the  p ig m e n t w as identified as c a ro te n e .

Discussion

1. T he serum  ca ro te n e  le v e l in  bo th  ou r cases w as m an y  tim es th e  m ean  
n o rm a l  v a lue  found b y  R o s s  a n d  P a r k e r , i.e. 153 ^  50 p er pg p e r 100 m l. 
T h e  excessive  level o f 2480 p g  p e r 100 m l, 13 o r 14 tim es th e  n o rm a l va lu e  
re c o rd e d  in  case No. 1 w as th e  consequence o f a n  av e rag e  consum ption  of 500 
g b a k e d  pum pkin  d a ily  fo r  m ore  th a n  th i r ty  d a y s , rep resen tin g  a m assive 
a m o u n t  o f  carotene. I n  case  N o . 2 the  serum  c a ro te n e  level was increased  to  
th re e fo ld  th e  norm al v a lu e  a n d  p ig m en ta tion  w as less in ten se . I t  w as in te re s t
in g  to  n o te  in  th is case h o w  th e  experim en ta l c a ro te n e  d ie t w as su ffic ien t to  
p ro d u c e  caro tenaem ia  a n d  ca ro ten o d erm ia , a n d  e v e n  m ore rem ark ab le  th a t  
in  th e  p a t ie n t’s 18-year-o ld  d a u g h te r  a sim ilar d ie t  co n tin u ed  over fo u rteen  
d a y s  fa ile d  to  induce p ig m e n ta tio n  or to  raise th e  se ru m  caro tene  level to  an y  
s ig n if ic a n t  ex ten t.

2. T he caro tenoids o f  th e  serum  were fo u n d  to  consist of 90 per cen t 
c a ro te n e  an d  10 p er c e n t x a n th o p h y ll , w hereas acco rd in g  to  T u z s o n  (1935) 
in  p u m p k in s  th is p ro p o r tio n  is 1 : 1. I t  has long  b e e n  know n  th a t  th e  d is tr i
b u t io n  o f  carotenoids in  a n im a l an d  hum an tissu es  is d iffe ren t from  th a t  o f th e  
n u t r i e n t s  from  w hich th e y  a re  derived. F o r in s ta n c e , la rd  is colourless w hereas 
fo w l o r  horse fa t is yellow .

Z e c h m e is t e r  (1935) w h o  h a s  closely studied  th ese  re la tio n sh ip s , recognizes a  se lective  
a c t i v i t y  p ecu lia r to th e  a n im a l o rg a n is m  in the fa c t t h a t  th e  c a ro ten o id s  co n ta in ed  in  th e  food 
a re  u t i l iz e d  “ w ithou t an y  a p p a r e n t  c au se ” in a m anner w h ich  c a n n o t be  exp lained  b y  in d iv id u a l 
v a r ia t io n s  b u t  f i t  in to  w e ll-d e fin ed  species specific se lective  p a t te rn s .  T hese  are as follows.

1. T h e  ingested c a ro te n o id s  d o  n o t reach th e  fa t  tis su e  (pig). 2. T he polyenic  h y d ro c a r
b o n s  a re  ta k e n  up w hereas x a n th o p h y l ls  are no t u tilized  (h o rse , c a ttle ). 3. T he converse  m ay  
be th e  case  (fowl). 4. B o th  ty p e s  a re  p re sen t in th e  fa t  d e p o s its  (h um ans).
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T he specific c h a ra c te r  o f th is  a c tiv ity  is w ell i llu s tra te d  by  th e  e x am p le  o f  th e  horse 
w hose v ita l  organs c o n ta in , if  an y , on ly  traces o f x a n th o p h y ll, though  in  i ts  fo d d e r  th is  very 
ty p e  o f caro teno id  is p re v a le n t. On th e  o th e r  h a n d , th e  in tensive ly  yellow  h e n  f a t  w hich  con
ta in s  17 m g x a n th o p h y ll p e r  kg  is p rac tica lly  caro ten e-free . The d is tr ib u tio n  o f  caro ten o id s in 
h u m an  fa t  is also d iffe ren t fro m  th a t  in th e  food. T h e  selective capacity  o f  th e  h u m a n  being is, 
ho w ev er, q u a n tita tiv e  r a th e r  th a n  q u a lita tiv e  a n d  th ere fo re  less obvious. A s Z e c h m e is t e r  
asse rts  “ all of th e  in d iv id u a l c o n s titu e n ts  m ak in g  u p  th e  caro teno ids o f th e  fo o d  leave  th e ir 
m ark s  in  h um an  fa t tis su e , b u t  th e y  are  dep o sited  here  in  a g reatly  changed  p ro p o r t io n ” . His 
a n a ly s is  o f 18 kg pooled  h u m an  fa t  y ielded  38 p e r  c en t x a n th o p h y ll, 35 pe r c e n t  ca ro ten e , 16 
pe r c e n t lycopine and  11 p e r cen t cap san th in e  th o u g h  th e  only source of th is  l a t t e r  w as pap 
r ik a  u sed  for seasoning.

As to th e  deposition  o f caro teno ids, Z e c h m e is t e r  draw s a paralle l b e tw e e n  th e  behav
io u r o f fa t  tissue a n d  t h a t  o f a ch ro m a to g rap h ic  colum n. B o th  ad so rb en ts  b in d  po lyenes the  
easie r th e  m ore u n sa tu ra te d  bo n d s th e y  co n ta in . I t  has  been shown by  Z e c h m e i s t e r  th a t  the  
c aro ten o id s o f  th e  food re a c h  th e  fa t  tissu e  w ith o u t a  chem ical change an d  m a y  b e  recovered  
fro m  th e  fa t  in th e  sam e fo rm  as th e y  occur in  th e  food.

T hese find ings co n fro n ted  w ith  th e  re su lts  of th e  p re se n t in v es tig a tio n s  
sug g est th a t  su sc e p tib ility  to  ca ro ten aem ia  or ca ro tenoderm ia  m a y  be due to  
a d is tu rb an ce  of th e  se lec tive  m echan ism  o u tlin ed  above. T he se lec tiv e  capac ity  
o f th e  affected  in d iv id u a ls  is in all p o ssib ility  in ad eq u a te  for tb e  m a in ten an ce  
o f th e  necessary  b a la n c e  betw een  a b so rp tio n  an d  e lim ina tion  i f  ca ro teno id  
in ta k e  exceeds th e  u su a l am o u n t. T he fa ilu re  to  cope w ith  th e  excess is re s tric ted  
to  ca ro ten e  itse lf  a n d  does n o t affect th e  o th e r caro teno ids. I n  a genera l in 
a d eq u acy  of th e  se lec tive  c a p ac ity  all t h a t  h as  to  be expected  is an  u n co n tro lled  
ab so rp tio n  of ca ro ten o id s  re su ltin g  in  a h ig h er serum  ca ro ten e  lev e l, b u t  by  
no  m eans a sh ift in  th e  p a t te rn  o f th e  in d iv id u a l com ponen ts co m p arab le  to  
t h a t  seen in  ca ro ten o d e rm ia . C aro ten aem ia  or ca ro ten o d erm ia  occu rrin g  in 
o therw ise  h ea lth y  in d iv id u a ls  th u s  re flec ts  a single anom aly  o f  th e  selective 
c a p a c ity , exclusively  in  re sp ec t to  ca ro te n e , th e  rise in  th e  x a n th o p h y ll  level 
b e ing  insignificant;! i t  w as 250 /_ig p e r 100 m l in our case No. 1 w h ere  th e  serum  
ca ro ten e  level w as 25 0 0  fig p e r 100 m l, w hile i t  was ab o u t 50 /ug p e r  100 ml 
in case No. 2 w here ca ro ten aem ia  w as m o d era te .

3. T his ev idence  w as suggestive o f a p revalence of c a ro te n e  o v er ca ro t
enoids of o th e r ty p e  in  th e  h o rn y  lay e r, in  th e  sam e m anner as th e  in  serum . As 
th e  h o rn y  lay er c o n ta in e d  90 p er cen t /5-carotene and  10 p e r c e n t x an th o p h y ll, 
its  caro ten o id  p a t te rn  is en tire ly  co n g ru en t w ith  th a t  of th e  se ru m . I t  m ay  be 
fu r th e r  in fe rred  fro m  th ese  find ings t h a t  th e  caro tenoids p ass  th e  ep ithe lia l 
lay e r chem ically  u n c h a n g e d  an d  th a t  th e  p igm en ts in g ested  w ith  th e  food 
p rese rv e  th e ir  o rig inal c h a ra c te r  also in  th e ir  ep iderm al d e p o s its . T he lipid 
so lu b ility  of ca ro ten e  a n d  x a n th o p h y ll o f th e  ho rny  lay e r is th e  sam e and 
th e ir  p ro p o rtio n  in  th e  h o rn y  lay e r is p r im a rily  re la ted  to  th e  co n c e n tra tio n , 
or, m ore precisely, to  th e  d is tr ib u tio n  o f ca ro teno ids, in  th e  se ru m .

4.  In  a d d itio n  to  an  an o m aly  o f th e  in d iv id u a l’s se lec tive  c a p a c ity  and 
an  excessive d ie ta ry  ca ro ten o id  in ta k e , e x te rn a l influences m a y  also p lay  a 
p a r t  in  th e  arisal o f  c a ro ten o d e rm ia . T h u s , th e re  seems to  b e  a re la tionsh ip  
b e tw een  th e  sites or in te n s ity  o f p ig m e n ta tio n  and  e x p o su re  o f  th e  skin 
to  ph y sica l or chem ica l ir r ita tio n . A ccord ing  to  Ga n d y  ( 1 9 6 4 )  th e  sites of
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p re d ile c t io n  of caro tenoid  d e p o s itio n  are n o t on ly  th e  h o rn y  layers o f th e  p a lm s 
o r so les o r th e  naso lab ial fu r ro w s  b u t also th e  a re a s  p a rtic u la rly  exposed  to  
l ig h t . S u n lig h t thus p ro b a b ly  p ro m o te s  the  d ep o s itio n  o f p igm ents, in  th e  sam e 
m a n n e r  as does m echanical i r r i ta t io n ,  firs t of a ll p re ssu re , as illu s tra ted  b y  th e  
in te n s i ty  o f p igm en ta tion  o v e r  th e  classical p ressu re  a reas  (knee, elbow , heel).

R e is c h  (1960) no ted  a n  is o la te d  yellow p a tch  on th e  p a lm  of a  p a tie n t a f te r  m assiv e  
in g e s tio n  o f  saffron for tw o w eeks. M icroscopic e x am in a tio n  re v ea le d  a  th ro m b o sed  vessel in  
th e  c e n t r e  o f th e  patch . T he su r ro u n d in g  a rea  showed an  in te n s iv e  yellow  p ig m en ta tio n  r e s u l t 
in g  f ro m  th e  deposition of c ro c e th in e , a  carotenoid  p ig m e n t sp ec ific  o f saffron. A p a tie n t  o b 
s e rv e d  b y  W olf (1950) h ad  b een  c o n su m in g  caro tene-rich  fo o d s in  excessive am o u n ts  since h is 
c h ild h o o d . H is  palm s, soles, f in g e rs  a n d  nails were b r ig h t  y (‘I low , a n d  th e re  was a n  in te n se  
p ig m e n ta t io n  on the  la te ra l d ig ita l  su rfa ce s , on b o th  sides o f  th e  neck , an d  on th e  a reas co rre 
s p o n d in g  to  th e  shou lderstraps o f  u n d e rw ea r. In  th e  a u th o r ’s v iew  th is  p a tte rn  o f p ig m e n t 
d e p o s itio n  w ould  be co n sis ten t w i th  a  tran sp o rt o f p ig m e n t b y  th e  b lood s tream . K a u p e  
(1919) n o te d  a fa in t yellow p ig m e n ta t io n  on the  face, th e  a la e  n a s i, th e  forehead, occasionally  
o v e r  t h e  u p p e r  p a r t of th e  neck  in  b a b ie s  receiving carro ts. T h e  p ig m e n ta tio n , how ever, a ffec ted  
b u t  a  sm a ll  p roportion  of th e  b a b ie s  g iv en  the  sam e food  a n d  ceased  rap id ly  as soon as th e  
c a r ro ts  w e re  om itted . K lo se  (1919) w ho also no ticed  a p ig m e n ta tio n  of th e  sam e k in d  in  
b a b ie s  w h e n  carro ts had  been a d d e d  — o ften  for th e  f ir s t  t im e  — to  th e ir  food, ascribed  th is  to  
a  d e p o s itio n  of a  liposoluble p ig m e n t p re se n t in  carro ts. T h e  o b se rv a tio n  th a t  th e  changes w ere 
c o n fin e d  to  a reas exposed to  in te n s iv e  lig h t, in the  f ir s t  lin e  to  th e  face, an d  th a t  th e y  o ccu rred  
p r e v a le n t ly  in  sum m er, p a r tic u la r ly  a f te r  continued ex p o su re  to  su n lig h t, has been in te rp re te d  
as b e in g  d u e  to  th e  in fluence o f  l ig h t .

T h e se  d a ta  and th e  s im ila r  o b se rv a tio n s  by  R y h in e r  (1921) are  du ly  q u o ted  b y  K a u f 
m a n n  (1 9 3 3 ) in te rp re ted  in  a d i f fe re n t  w ay . The prevalence  o f  p ig m e n ta tio n  in sum m er m ig h t 
be  d u e  to  th e  higher caro tene  c o n te n t  o f  vegetables in  th is  sea so n  r a th e r  th a n  to  su n lig h t, o r 
c e r ta in  con n ec tio n s m ight e x is t b e tw e e n  persp iration  a n d  sk in  p ig m en ta tio n , etc.

F ro m  the  p resen t o b se rv a tio n s  it  is w o rth y  o f  n o te  th a t  p a tie n t N o. 1 
w h o  e x h ib ite d  p igm ented  a re a s  on b o th  knees, h a d  o ften  been kneeling , as 
sh o w n  a lso  b y  ep iderm al th ic k e n in g s  over th e se  a re a s . O n th e  tru n k  w here  
th e  p ig m e n ta tio n  was u n ifo rm , th e re  were m ore in te n se  yellow  streak s a long  
th e  p ressu re-lines of th e  w a is tb a n d  of the  u n d e rw e a r .

I t  is suggested b y  th e  q u o te d  d a ta  as w ell as b y  th e  p resen t o b se rv a tio n s 
t h a t  cu ta n e o u s  irr ita tio n s  o f  v a r io u s  sources (m ech an ica l, p h o tic  or chem ical) 
m a y  e n h a n c e  the  d ep o sitio n  o f  p igm ent. T his p h en o m en o n  is s im ilar to  a 
n u m b e r  o f  derm atological p ro cesses  in w hich v a r io u s  p hysica l an d  chem ical 
s t im u li  p la y  a decisive p a r t  in  th e  p roduction  a n d  loca liza tion  of sy m p to m s. 
I n  a ll th e s e  processes aris in g  in  norm erg ic  or a llerg ic  co n d itio n s, th e  responsib le  
s u b s ta n c e , w hether of e x te rn a l  origin or p ro d u c e d  in  th e  organism , reach es 
th e  sk in  th ro u g h  the  b lood  s t r e a m  an d  the sites o f i r r i ta t io n  w here i t  is d ep o sited  
in  la rg e r  am ounts and  w h ere  i t  produces c h a ra c te r is tic  changes are th e  a reas  
e x p o se d  to  irrita tio n . O u r in v e s tig a tio n s  in to  th e  m ech an ism  of sk in  s tim u li 
(1944 , 1945, 1956, 1959) s u g g e s t th a t  th is p rocess fa lls  in to  tw o phases. T he 
f i r s t  is  m a rk e d  by  a re lease  o f  h istam ine  s to red  in  th e  tissues, especially  in  
th e  m a s t  cells, in a p re fo rm ed , b io logically  in ac tiv e  s ta te ,  a process accom pan ied  
b y  c a p il la ry  d ila ta tion , in c re a s e d  capillary  p e rm e a b ili ty  an d  R E S  a c tiv a tio n , 
th is  l a t t e r  phenom enon b e in g  w ell know n from  th e  in v estig a tio n s of J a n c s Ó 

(1941 , 1947 , 1955). T hese lo c a l changes of th e  tis su e s  se t th e  stage fo r th e
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second  phase w hen  th e  responsib le  su b stan ce  b o u n d  to  certa in  serum  p ro te in  
frac tio n s  leaves th e  cap illa ry  bed  a t  th e  site  o f  th e  lesion to  be dep o sited  th e re  
in  increased  am o u n ts .

T here  is general ag reem en t th a t  h is ta m in e  m obilization  b y  v a rio u s  
m echan ica l an d  chem ical sk in  stim u li is d u e  to  a d irec t in fluence o f th e se  
fac to rs  w hereas th e  release o f h istam ine  u n d e r  th e  effect of su n lig h t o r u l t r a 
v io le t lig h t is be lieved  to  be secondary  to  th e  chem ical changes ta k in g  p lace 
in  th e  ep iderm is. T h is seem s to  ap p ly , how ever, m a in ly  to  th e  sh o rt w aves 
o f u ltra v io le t lig h t (U V B) w hereas th e  long w aves o f u ltrav io le t lig h t (U V A ) 
cap ab le  of p e n e tra tin g  th e  skin  p resu m ab ly  h a v e  a d irec t h istam ine  m ob iliz ing  
effec t. O ur o b se rv a tio n s in  resp ec t to  th e  e lec tive  sen s itiv ity  of m a s t cells to  
u ltra v io le t lig h t a n d  th e ir  gross dam age b y  long  w ave (350 an d  375 m /t) 
u ltra v io le t lig h t b o th  in vivo an d  in vitro su p p o r t th is  p ro b ab ility  (in  p ress).

In  th e  lig h t o f th is  ev idence, deposition  o f  p ig m en t in  c a ro ten o d e rm ia  in  
areas o f exposure  to  m echan ica l or p ho tic  sk in  ir r i ta tio n  m ay  be in te rp re te d  
in  th e  follow ing m an n e r. T he liposoluble ca ro ten es  are  know n to  be a t ta c h e d  
to  se rum  lipop ro te in s  an d  tra n sp o rte d  b y  th e  b lood  stream  as a ca ro ten e- 
lip o p ro te in  com plex. G r e e n b e r g  e t al. (1959) w ere able to  id en tify  ty p ic a l 
am ber-co loured  ca ro ten e  granu les in  th e  s t r a tu m  corneum , th e  d erm is , th e  
c ircu m p ap illa ry  a reas , an d  in  th e  follicles n e a r  th e  orifices of th e  sebaceous 
g lands in case o f excessive d ie ta ry  in tak e  o f ca ro ten o id s . P ig m e n ta tio n  o f  th e  
sk in  a t  th e  sites o f ir r i ta t io n  in  ca ro ten o d erm ia  an d  n a tu ra l d isposal o f ca ro 
te n e  th ro u g h  o rd in a ry  p a th w ay s  differ on ly  in  in te n s ity , n o t in  c h a ra c te r . 
H is tam in e  released  u n d e r th e  influence of s tim u li ir r i ta tin g  th e  sk in  causes 
local m ic ro c ircu la to ry  a lte ra tio n s  w hich fa v o u r  th e  passage of c irc u la tin g  
ca ro ten e  th ro u g h  th e  cap illa ry  walls and  its  d ep o sitio n  in  th e  affected  a reas .

In  th e  follow ing phases of th is  process ca ro ten e  does n o t sh are  th e  fa te  
o f o th e r  su b stan ces th u s  fa r  s tu d ied  (large-m olecu lar dyes, b a c te r ia , fu n g i, 
e tc .). T he d ivergence lies in  th e  chem ical p ro p e rtie s  of caro teno ids, n a m e ly  in 
th e ir  lip id  so lu b ility  an d  th e ir  s ta b ility  in  th e  organ ism . T hey  are s to re d  in 
th e  h o rn y  lay e r an d  in  th e  sebaceous g lands o f  h igh  lipid co n ten t in s te a d  of 
re ticu lo en d o th e lia l or o th e r  connective e lem en ts. In  o th e r  w ords, th e ir  s to rag e  
is solely d e te rm in ed  b y  th e  cond itions o f so lu b ility . I t  is due to  th e ir  s ta b il i ty  
t h a t  th e y  do n o t change th e ir  chem ical c h a ra c te r  d u rin g  th e ir  passage th ro u g h  
th e  b o d y  and  th a t  c a ro ten e  ingested  w ith  th e  food m ay  be reco v ered  from  
th e  h o rn y  lay er in its  o rig inal form . The sk in  rid s itse lf  from  its  ca ro ten e  
deposits  by  th e  process o f d esq u am atio n , a p a r t  from  a frac tio n  of th e  p ig m e n t 
co n v erted  to  v ita m in  A in th e  sebaceous g lands.

*

W e are in d eb te d  to  P rofessor L. Ch o ln o k y , D ire c to r o f th e  Chem ical D e p a r tm e n t, 
U n iv e rs ity  M edical School, P écs, fo r advices an d  a ss is tan ce  in  th e  s tu d y .
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EARLY COMPLEX DIAGNOSTIC APPROACH 
TO HAEMATEMESIS AND/OR MELAENA

B y

A. H á m o r i , T. N e m e s , Z. B í b o r , J .  R üll and 0 .  S i n k ó

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived  S ep tem b er 16, 1966)

E a rly  aetio log ic  d iagnosis in cases o f  m assive  h aem orrhage  fro m  th e  u p p e r 
a lim en ta ry  t r a c t  h a s  been  a tte m p te d  in  126 cases. F ro m  th e  evidences o f  coagu logram , 
im m ed ia te  oesophagoscopy , gastroscopy , a n d  e a rly  o r sem i-early  X -ra y s  a  co rrec t 
diagnosis h as been ach ieved  in  89 per cen t. S ix  cases w ere m isdiagnosed. I n  e ig h t cases 
th e  source of b leed ing  rem ain ed  u n id en tified . T h e  fin d in g  of gross ru g a l con g estio n  and  
h y p e rtro p h y  c o n n ec ted  these  h aem o rrh ag es w ith  a  m in o r alcoholic g a s tr it is  w hich  m ay  
h av e  healed  b y  th e  tim e  of endoscopy. In f lu e n z a  c o n s titu te d  no p re c ip ita tin g  facto r, 
th e  in flu en za  co m p lem en t f ix a tio n  te s t  be ing  p o sitiv e  in one case on ly .

T he early  co m plex  d iagnostic  p ro ced u re s h a d  no adverse effects, h aem o rrh ag ic  
shock  or a d v an ced  age are no c o n tra in d ica tio n s .

E a rly  aetio log ic  d iagnosis o f h aem atem csis  a n d /o r  m elaena p ro v id es fo r aetio logic 
tre a tm e n t w hich  is th e  m ost e ffic ien t m eans o f  av o id ing  unnecessary  p a r tia l  g a s trec 
to m y , on th e  one h a n d , an d  le th a l h aem o rrh ag e  fro m  gastro-oesophageal v a rices  on  th e  
o th e r.

C orrect m an ag em en t of m assive h aem o rrh ag e  arising in  th e  u p p er 
g a s tro in te s tin a l t r a c t  rep resen ts  a d ifficu lt ta sk . T he p itfalls o f th e  conserv 
a tiv e  m ethods are as h a rd  to  avoid  as th o se  o f em ergency su rg e ry . T h is calls 
fo r  th e  m obiliza tion  o f every  d iagnostic  p o ss ib ility  to  find  th e  cause  o f th e  
h aem o rrh ag e . O ur f irs t  resu lts  have been  re p o rte d  in  1959 [10]; th e y  essen
tia lly  agree w ith  tho se  ad v o ca ted  by  P a l m e r  an d  S cott  (1955) [1 6 ], A v e r y  
J o n e s  (1959) [1 ], a n d  K r e n t z  (1960) [15].

T he d iag n o stic  lines laid  dow n b y  us h a v e  n o t  found  general accep tance . 
T h e  ad ep ts  of th e  po licy  of ac tive  d iagnosis genera lly  c o n cen tra te  u p o n  one 
single m e th o d , for in s tan ce  on early  g as tro sco p y  or early  ra d io g ra p h y  while 
ta k in g  a d e fin ite  line ag a in st th e  o th e r p ro ced u res . U n g e h e u e r  [18] w en t so 
fa r  as to  a s se r t th a t  in  th e  case of m assive g a s tro in te s tin a l h aem o rrh ag e  an y  
d iag n o stic  a t te m p t rep resen ts  an  unnecessary  risk , a p a r t  from  cau sin g  loss of 
tim e  an d  yield ing  false re su lts . In  o pposition  to  th ese  U nitarian  a n d  n ih ilis tic  
a t t i tu d e s  th e  p re se n t s tu d y  in ten d s to  give voice to  th e  co n v ic tio n  th a t  th e  
v e ry  d a n g e r  of d e a th  b y  blood loss calls fo r u tm o s t im m ed ia te  d iagnostic  
a c tiv ity .

O u r observ a tio n s re la te  to  126 p a tie n ts  re fe rred  to  our D e p a r tm e n t for 
h aem atem es is  a n d /o r m elaena  from  1958 o n w ard . T he d iag n o stic  m ethods 
in c lu d ed
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1. H is to ry  and  p h y s ica l ex am in a tio n ;
2 . In v e s tig a tio n s  for h aem o rrh ag ic  d ia th es is ;
3. Im m e d ia te  oesophagoscopy ;
4 . Im m e d ia te  g astro sco p y ;
5. E a r ly  and  sem i-early  X -ray s.
I t  w ill now  be a t te m p te d  to  outline th e  a d v a n ta g e s  an d  sh o rtcom ings 

o f a ll th e s e  m ethods.

History and physical exam ination

H is to ry  reveals th e  f a c t  o f haem orrhage a n d  offers some in fo rm a tio n  
a b o u t i ts  degree. The u su a l p itfa lls  are “ p seu d o h aem atem esis”  an d  “ pseudo- 
m e la e n a ” . Some p a tie n t w hile re liev ing  his s to m a c h  o f an  overload o f re d  w ine 
in  th e  p o o rly  li t  to ile t of th e  p u b lic  house, m ay  m is tak e  the  v o m it fo r b lood . 
Som e o th e r  who has h a d  re c u r re n t haem o rrh ag es from  a duodenal u lcer, m ay  
o v e r-in d u lg e  in  b lood-sausage an d  ru n  to  th e  p h y s ic ian  on th e  n e x t  d a y  in 
a la rm  w ith  a sam ple of b la c k  stools. The rev erse  m ay , how ever, also occur. 
I n  o n e  o f  our p a tie n ts  th e  o n ly  com pla in t h a d  b e e n  p a lp ita tio n  in te rp re te d  as 
b e in g  d u e  to  acute m y o ca rd itis . B u t for th e  p resence  of sta ins of ta r r y  stools 
on h is  u n d e rc lo th e s , th e  cause o f th e  sym ptom s w o u ld  have  rem ained  u n d e te c t
ed. M a n y  sem i-educated  peo p le  will connect th e ir  d a rk  stools w ith  over- 
in d u lg e n c e  in  b lack  coffee.

T h e  h is to ry  will rev ea l th e  possible p re c ip ita tin g  facto rs, such  as stress 
s i tu a tio n s ,  alcoholism , u lcerogenous drugs, sa licy la te s , reserpine, b u tazo lid in e , 
c o rtic o s te ro id s , ce rta in  a n tib io tic s . A p a r tic u la r ly  v a lu ab le  clue is a h is to ry  of 
p e p tic  u lc e r  or its  p e rfo ra tio n . A pa lpab le  m ass in  th e  abdom en o r en la rg e 
m e n t o f  b o th  liver and  sp leen  leave little  d o u b t a b o u t th e  origin of th e  h a e m 
o rrh a g e .

I n  o u r experience h is to ry  is u n in fo rm a tiv e , o r conflicting  or even m islead 
in g  in  50 p e r cen t o f th e  cases. P hy sica l e x a m in a tio n  is negative  in  m ore  th a n  
75 p e r  c en t.

Investigations for haem orrhagic diathesis

A t adm ission th e  fo llow ing ex am in a tio n s a re  ca rried  ou t: b leed ing  tim e , 
c lo tt in g  tim e , p la te le t c o u n t, re tra c tio n  of b lo o d  clo t, Q uick’s p ro th ro m b in  
tim e , co m p le te  coagulogram  accord ing  to  G e r e n d á s ; cap illa ry  fu n c tio n  te s ts  
( B o r b é l y , G ö t h l in , to u rn iq u e t  te s t) , liver fu n c tio n  te s ts  (thym ol tu rb id ity , 
gold  so l floccu la tion , a lk a lin e  p h o sp h a tase ), n o n -p ro te in  n itrogen , a n d  blood  
sam p le s  a re  ta k e n  fo r th e  in flu e n z a  com plem en t f ix a tio n  te s t.
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T he sim ple clin ical te s ts  usually  suffice fo r th e  detec tion  o f c lo ttin g  
d is tu rb an ce ; id e n tif ic a tio n  of its  ch a rac te r re q u ire s  a full coagu logram . F o r 
in s tan ce , in  one o f o u r cases it  w as on th is  ev id en ce  alone th a t  we w ere ab le  to  
id en tify  haem oph ilia  ty p e  В as th e  cause o f  th e  haem orrhage. O b v io u sly  
haem ophilia , as well as th ro m b o p a th ic  anom alies, exclude an y  su rg ica l in te r 
v en tio n  and call for co n se rv a tiv e  tre a tm e n t. F ig . 1 show s the  g astric  m ucosa  
o f a p a tie n t w ith  m yelo id  leukaem ia  who died  in  consequence of th ro m b o c y to -

Fig. 1. G. L ., 45-year-o ld  Ç. G astric  m an ifes ta tio n  of th ro m b o c y to p en ic  h aem o rrh ag e , c h ro n ic

m yeloid  leukaem ia

p a th ic  haem orrhage. O bviously  an y  fu r th e r  d iag n o stic  procedure w ould  h av e  
been fu tile .

T he p ro th ro m b in  te s t  o ften  p resen ts p ro b lem s. The level m ay  v a ry  in  
cases of m assive h aem o rrh ag e  an d  th e re  are  n o  m eans to  decide w h en  i t  is 
necessarily  p a tho log ic . A t 20 p er cen t i t  is m o s t c e rta in ly  so, on th e  o th e r  
h an d , even  values of 50 or 60 per cen t m ay be co n n ec ted  w ith  gastric  h a e m o r
rhage in  th e  case o f h e p a tic  cirrhosis w here p o r ta l  s tasis  co n stitu tes  a n  a d d i
tio n a l p re c ip ita tin g  fa c to r . C onversely, p ro th ro m b in  a c tiv ity  m ay be n il, y e t 
the  p a tie n t  m ay  b leed  from  gastro -oesophageal v a rice s , as it  did in one o f  o u r 
cases. H aem o rrh ag es in  h ep a tic  cirrhosis m ay  h a v e  various causes, e .g . low 
p ro th ro m b in  level, v arices , ex u lce ra ted  tu m o u r, hepatogen ic  u lcer, e tc . F o r 
th is  reason , even w ith  low  p ro th ro m b in  levels i t  is im p era tiv e  to  p u rsu e  th e  
in v estig a tio n s fo r o th e r  possible causes of th e  b leed ing .
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Im m ediate oesophagoscopy

T h e  decision to  pass dow n a s tra ig h t in flex ib le  oesophagoscope w ith  the  
p a t i e n t  b leed ing  is n o t  all to o  easily  m ad e . W h e n  we did  i t  fo r th e  f i r s t  tim e 
i t  w a s  in  th e  face o f d eep -ro o ted  tra d itio n s . E v e n  to d a y  th e  p ro c e d u re  has 
v e r y  few  adep ts all over th e  w orld . K a t z  e t  al. [14] recom m end  a  flex ib le  
o eso p h ag o sco p e , D e s n e u x  [7] ad vocates in tu b a t io n  an aesth esia  to  fac ilita te  
in tro d u c t io n . W e use an  in flex ib le  tu b e  in tro d u c in g  i t  in  local an aes th es ia . 
P a ra d o x ic a l  as i t  m a y  seem , h aem o rrh ag ic  sh o ck  m akes th is  p ro ced u re  easier 
o w in g  to  th e  p a tie n t’s a p a th y . A dvanced  age is no  obstacle, in  fa c t i t  m ak es — 
a g a in  q u ite  p a rad o x ica lly  — th e  ta s k  ev en  easie r b y  th e  re d u c tio n  o f  reflex  
i r r i t a b i l i ty  w ith  a d v an c in g  y ea rs . T he p ro c e d u re  is carried  ou t in  th e  endoscopic  
la b o r a to r y  un d er th e  cover of blood tra n s fu s io n , all p rep ara tio n s  b e in g  m ade 
fo r  o p e ra tio n .

O esophagoscopy is in v a lu a b le  in  th e  d e te c tio n  of oesophageal v a rico s ity . 
V a r io u s  o th e r m ethods h a v e  been a d v o c a te d  fo r th is  purpose, such  as X -ray s , 
sp le n o -p o rto g ra p h y , sp leen -p u lp  m a n o m e try , f lu o re sce in -th read -te s t, e s tim a
t io n  o f  b lood  am m o n iu m  lev e l, e tc ., b u t  n o  in d ire c t procedure can  be  co m p ar
e d  in  i ts  in fo rm ativ e  v a lu e  to  th e  d irec t v isu a liz a tio n  of varices w h ere  a clear 
p ic tu r e  m ay  be gained  a b o u t th e  len g th , n u m b e r , and  course o f th e  d is ten d ed  
v e in s . O esophagoscopy is, fu rth e rm o re , th e  o n ly  m eans of d e tec tin g  superfic ia l 
o e so p h a g e a l ulcers as i t  d id , in  fa c t, in  tw o  o f o u r cases. The v e ry  n e g a tiv ity  
o f  th e  oesophagoscopic f in d in g  prov ides a  v a lu a b le  clue, d irec tin g  th e  search  
fo r  th e  source of th e  b leed in g  to  th e  g a s tro in te s tin a l regions s itu a te d  below  the  
c a rd ia .

A  source of e rro r lies in  th e  fac t th a t  gastro -oesophageal varices  genera lly  
r u p tu r e  inside th e  s to m ach . T his w as th e  case in  all of our six p a tie n ts  b leed ing  
f ro m  ru p tu re d  varices. C onsequen tly , we co u ld  n o t  iden tify  th e  s ite  o f  ru p tu re  
th o u g h  we duly  v isua lized  th e  d is ten d ed  v e in s . This illu stra te s  t h a t  th e  d iag
n o s is  o f  bleeding from  v arices rests  in  th e  m a jo rity  of th e  cases on  logical 
c o n je c tu re  ra th e r  th a n  on d irec t id e n tif ic a tio n . T his is w hy we w ere m isled  by  
th e  f in d in g  of oesophageal v a rico sity  in  tw o  cases connecting  i t  e rroneously  
w i th  th e  h aem orrhage. I n  fac t, its  source h a d  been a tu m o u r o f th e  gastric  
fu n d u s  in  th e  f irs t case a n d  a gastric  u lce r in  th e  second.

Im m ediate gastroscopy

G astroscopy  is b y  no m eans free fro m  h a z a rd s . In  th e  49,000 cases collect
ed  b y  A v e r y  J o n e s  e t  al. [2] from  th e  w o rld  lite ra tu re  th e re  w ere 50 oeso
p h a g e a l  and  9 g astric  p e rfo ra tio n s , beside  o th e r  com plications. T h e  flexible 
g a s tro sc o p e  devised b y  W o l f  an d  Sc h i n d l e r  g rea tly  reduces th e se  dangers. 
B y  i ts  aid  various a u th o rs  have carried  o u t  ea rly  gastroscopy , in  H u n g a ry
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B e n k o  e t  al. [4, 5, 6] in th e  f ir s t  o r second w eek follow ing m assive h aem o rrh ag e . 
P e rso n a lly  we u n d e rto o k  i t  u n d e r  th e  cover o f an tish o ck  m easures in  th e  v e ry  
f ir s t  hours a fte r  adm ission  of th e  b leed ing  p a tie n t. In  su p p o rt o f th is  a c tiv ity , 
we m a y  allege to d a y  q u ite  a n u m b e r  of ob se rv a tio n s.

W h a t has th is  e x a m in a tio n  to  offer ? F ir s t  o f all, i t  p e rm its  d irec t 
v isu a liza tio n  even  of w id esp read  a lte ra tio n s  o f  th e  gastric  m ucosa , e .g . m u l
tip le  b leed ing  erosions, an d  i t  m ak es i t  possible to  d iffe ren tia te  b en ig n  from  
m a lig n a n t u lcers. I t  can  be seen w h e th e r th e  lesion is s till b leed ing  or w h e th e r 
a c lo t has a lread y  form ed on its  su rface . In  one o f ou r cases, th e  b leed in g  was 
seen to  p u lsa te  sy n ch ro n o u sly  w ith  th e  a r te r ia l pu lsa tio n s.

T he m eth o d  has th e  fo llow ing  lim ita tio n s .
(1) O b lite ra tio n  o f th e  f ro n t  lens b y  b lood  or m ucus;
(2) A ir-in to lerance;
(3) O ver-flex ion  of th e  in s tru m e n t;
(4) T he site  o f th e  lesion m a y  be ou tside  th e  v isu a l fie ld  of th e  W o l f  — 

S c h i n d l e r  gastro sco p e ;
(5) T he g astric  m ucosa m a y  he covered  w ith  blood.
One of th e  m a jo r sh o rtco m in g s  of gastro sco p y  is th a t  i t  does n o t  cover 

th e  reg ion  of th e  card ia , th e  p re fe re n tia l s ite  o f  gastric  varices a n d  o f  acu te  
u lcers w ith  p rev a len tly  fa ta l  h aem o rrh ag es . T h e  fiberscope is designed  fo r th e  
v isu a liza tio n  o f these  areas. As to  d u o d en a l u lcer, th o u g h  re g u rg ita tio n  of 
b lood  th ro u g h  th e  py lo rus is suggestive  of its  p resence, its  v e rif ic a tio n  rests  
on X -ra y  evidence.

In  one case, a blood c lo t covering  th e  ex u lce ra ted  area led us to  m is
d iagnose a m a lig n an t tu m o u r  fo r a benign  ulcer. V isua liza tion  is fa c il i ta te d  by  
p rev ious cau tious lavage of th e  s to m ach  w ith  ice-w ater. P a l m e r  an d  S c o t t  [16] 
use w a te r  for th is  purpose , p e rso n a lly  we p re fe r saline.

E a rly  a n d  sem i-early  X -rays

A t f irs t, X -ra y  e x a m in a tio n  was a tte m p te d  on th e  te n th  d a y  a f te r  
h aem o rrh ag e , b u t  th e  p a tie n ts  co llapsed  w hen s ta n d in g  u p rig h t, so i t  w as given 
u p . I n  his h an d b o o k  S c h in z  [17] also w arns a g a in s t ea rly  d iag n o stic  X -ra y s  
a f te r  g a s tro in te s tin a l h aem o rrh ag e  an d  reserves th is  p rocedure  for e x cep tio n a l 
cases. H a m p t o n  [13] fin d s it  safe enough w hen  th e  h aem o rrh ag e  h a s  ceased, 
w ith  th e  p a tie n t in  th e  re c u m b e n t position , b u t  com pression on th e  ab d o m en  
shou ld  be avo ided . In  H u n g a ry , E r d é l y i  [8] does n o t w a rra n t th e  p ro ced u re  
b efo re  th e  fo u rte e n th  d ay  w hile F ig u s  and  I v á n y i  [9] are slig h tly  less cau tio u s . 
P e rso n a lly  we do n o t h e s ita te  to  ca rry  ou t d iag n o stic  ra d io g ra p h y  w ith in  th e  
f irs t  24 hours w hen  blood v o lu m e  has been re s to red  b y  con tin u o u s tra n sfu s io n  
a n d  th e  e ry th ro c y te  coun t a p p ro x im a te s  4 m illion . T he p a tie n t is rec lin ed  to
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45°, o r, if  necessary , m ad e  to  s ta n d  in th e  u p r ig h t position  avo id ing , how ever, 
a b d o m in a l com pression. T h e  X -ray s p e rm it to  d e te c t c ircu m scrip t changes 
f i r s t  o f  all in th e  d u o d e n u m . B y  asserting  (1) th a t  th e  b lood  c lo t generally  
d oes n o t  b lu r th e  ra d io g ra p h ic  evidence b y  filling  o u t th e  u lcer, an d  (2) th a t  
X - ra y  exam ina tion  does n o t  provoke a recu rren ce  of b leed ing  we com bate  
d o g m a tic  beliefs w h ich  d ie  h ard .

Fig. 2. V . L ., 66 -year-o ld  $. G astric  u lce r . E a r ly  X -ray s

T h e ulcer of th e  le sse r cu rv a tu re  seen in  F ig . 2 has been id en tified  by  
e a r ly  rad io g rap h y . T h e  p a t ie n t ,  a 66-year-o ld  w o m an , h ad  been u n f it  fo r oper
a tio n  because of m itra l  s ten o sis  and  died w ith  c irc u la to ry  fa ilu re  24 lirs. a fte r 
th e  o n se t of h aem o rrh ag e. C o n fro n ta tio n  o f X -ra y s  an d  p o st-m o rtem  find ings 
seen  in  F ig . 3 shows t h a t  th e  rad iog raph ic  ev idence  w as fu lly  co n g ru en t w ith  
th e  m orphology  of th e  u lc e r  an d  th a t  th e  g a s tr ic  m ucosa suffered  no  dam age 
b y  th e  procedure.

Since the  use o f a d is tin c to r  is n o t perm issib le , n eg a tiv e  X -ra y  find ings 
ca ll fo r  a rep ea ted  s tu d y  in  10 to  14 days. T h is we call “ sem i-early  ra d io g ra p h y ” . 
T h e  p rocedure  has fa iled  u s  in  th e  follow ing th re e  cases.

1. D uodenal u lce r h a d  been suspected  on  in d ire c t evidence. A u to p sy  
re v e a le d  tw o sm all u lcers  o f  th e  fundus as th e  sources of h aem o rrh ag e.
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2. A d u o d en a l tu m o u r  was suggested  b y  d is tu rb an ces o f passage , la te r 
a p o s tb u lb a r u lce r w as found  to  be responsib le  for th e  h a e m o rrh a g e  as well as 
fo r th e  d is tu rb a n c e  o f passage.

3. D u o d en a l d e fo rm ity  in te rp re te d  as duodenal u lce r w as found  at 
su rg e ry  to  be d u e  to  duodena l po lyposis, th is  hav in g  been resp o n sib le  for the 
haem orrhage.

Fig. 3. P o s t-m o rtem  f in d in g  of g astric  u lcer seen in 
F ig . 2 (left side). B u tto n h o le  stenosis (r ig h t side)

Results

Fig. 4. C ause o f  u p p e r  g astro 
in te s tin a l h a em o rrh ag e  in 126 

p a tie n ts .
8 U n id en tified  — 9 H aem orrhag ic  
d ia thesis — 3 M u ltip le  haem or
rhag ic  e rosions o f  g a s tr ic  m ucosa
— 6 G astro -o eso p h ag ea l varices
— 4 G astric  tu m o u r  — 2 Erosions 
o f oesophagus — 6 J e ju n a l ulcer
— 29 G astr ic  u lc e r  — 58 Duó

idénál u lce r  — 1 D uodenal
p o ly p o sis

R esu lts a re  seen in  T able I . T he m eth o d s  ou tlined  in  th e  foregoing do 
n o t rep lace each  o th e r. In  some cases i t  is endoscopy , in o th e rs  X -ra y s  which 
help  to  d e te c t th e  source o f haem orrhage.

O esophagoscopy reveals varicous veins, gastroscopy  p e rm its  to  visualize 
g a s tr ic  changes o f w idesp read  n a tu re  w hereas focal lesions, f ir s t  o f  all gastric  
o r duo d en a l u lcers, are  b e s t s tu d ied  b y  m eans o f X -rays.
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Table I

R esu lts  o f  examinations

Number of investigations

Total Positive Negative Erroneous*

C oagulogram 76 и 65

Im m e d ia te  oesophagoscopy 88 8 78 2

Im m e d ia te  gastroscopy 78 19 58 1

E a r ly  X -ray s 79 59 17 3

S em i-early  X -rays 27 22 5

In f lu e n z a  com plem ent f ix a t io n  te s t 70 1 69

* F in a l diagnosis w as b ased  o n  d a ta  obtained du ring  h a em o rrh ag e , th e  clinical course 
a n d  th e  su rg ical or post-m ortem  f in d in g s .

S urgeon : Prof. T. G. K a r l i n g e r
P a th o lo g is t: Prof. G. R o m h á n y i

T h e  colum ns of th e  d ia g ra m  rep resen t th e  d is tr ib u tio n  of cases accord ing  
to  ae tio lo g y .

T h e  com plex d iag n o stic  a p p ro ach  has led to  c o rre c t diagnosis in  89 p er 
c e n t  o f  th e  cases. I t  m u st be  n o te d  th a t  in d irec t signs o f u lcer were also e v a lu 
a te d . S ix  cases ou t o f 126 w ere  m isdiagnosed. In  8 cases th e  source of h a e m o r
rh a g e  w as u n id en tifiab le , b u t  i t  is a ttr ib u te d  to  a lcoho lic  g astritis . H aem a- 
te m e s is  w as shown b y  B e n e d i c t  [3],  b u t n o t d u ly  rea lized  ever since, to  be 
co m m o n  in  alcoholics. E a r ly  g a s tro sco p y  shows u n sp ec ific  changes of g a s tr itis . 
T h e  h is to ry  of these p a tie n ts  o f te n  revealed  o ver-indu lgence  in alcoholic d rin k s 
to  w h ic h  p o p u la r belief a t t r ib u te s  a cura tive  v a lu e  in  com m on cold. T he folds 
o f  th e  g a s tr ic  m ucosa w ere g ro ss ly  congested an d  th ic k e n e d . This f in d in g  of 
a lco h o lic  g astritis  is d e fin ite ly  co m patib le  w ith  th e  occu rrence  of h aem o rrh ag e  
th o u g h  b e in g  negative  as co n ce rn s  iden tifica tio n  o f i ts  source.

N o  close co rre la tion  w as fo u n d  betw een in flu e n z a  a n d  h aem atem esis or 
m e la e n a . T he influenza c o m p le m e n t fixa tion  te s t  w as p o sitive  in  one o u t of 
70 cases only.

T h e  com plex d iag n o stic  p ro ced u re  had  no ad v erse  e ffec t of an y  k ind .

D iagnostic program

T o d a y  we have su ffic ien t experience to  lay  d ow n  th e  follow ing d iag n o stic  
p ro g ra m : In v es tig a tio n s  fo r h a em o rrh ag ic  d ia thesis , im m e d ia te  oesophagoscopy 
a n d  g as tro sco p y , and , u n d e r  th e  cover of tran sfu s io n , e a r ly  X -rays.

W  e m ig h t s ta r t  w ith  th e  X -ra y s  reserving g as tro sc o p y  for th e  e v e n tu a lity  
o f  a n e g a tiv e  finding. Such  a  p o licy , while possib ly  sa v in g  th e  p a tie n t an  un-
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necessary  in s tru m e n ta l in te rv en tio n , m ay  on th e  o th e r h an d  cause a d e la y  in 
d iagnosis, je o p a rd iz in g  th e  outcom e. This s tro n g ly  recom m ends oesophagoscopy  
as th e  f irs t s tep  a n d  m akes i t  even im p e ra tiv e  w h en  red  blood su g g estiv e  o f a 
ru p tu re d  v a rico s ity  has been vom ited .

E n doscopy  is co n tra in d ica ted  in  1. H a em o p h ilia  or th ro m b o c y to p a th y ;
2. lack  of co o p e ra tio n  b y  th e  p a tie n t; 3. ch e s t deform ities; 4. in tra c ta b le  
cough; 5. h e a r t  fa ilu re ; 6. oesophagostenosis; 7. aneu rysm  of th e  a b d o m in a l 
ao rta .

E a rly  ra d io g ra p h y  has no co n tra in d ic a tio n  if  H a m p t o n ’s [13] o r our 
tech n iq u e  is o b se rv ed . O n th e  o ther h and  i t  is as useless as any  o th e r d iag n o stic  
p rocedure  if  a life -sav ing  in te rv en tio n  is o u ts id e  th e  possib ilities, fo r in s ta n c e  
in  sem icom atose p a tie n ts  w ith  hepa tic  c irrhosis . O ver th e  age of 90 y e a rs  we 
ab s ta in  from  o p e ra tio n .

Technical details

A t adm ission  th e  im m ed ia te  ta sk  is to  c a r ry  o u t th e  cap illa ry  te s ts  an d  
to  tak e  b lood sam ples for th e  d etec tion  o f h aem o rrh ag ic  d ia th esis . I n  th e  
m ean tim e tra n sfu s io n  o f blood is s ta rted . M orp h in e  20 m g -f- a tro p in e  1 m g  is 
given. This is fo llow ed one hour la te r  by  oesophagoscopy  a fte r a n a e s th e s ia  of 
th e  p h a ry n x  w ith  0.5 p er cen t te tra c a in e  sp ra y . V isualization  o f v a r ic o s ity  
te rm in a te s  th e  endoscop ic  procedure and  calls fo r  u rg en t opera tion  co n sis tin g  
of lig a tu re  of th e  b leed ing  vein  and  of th e  V . co ro n aria  gastrica . N o sh u n t 
opera tio n  is considered  a t  th is  m om ent. I f  no  v a rico s ity  is seen, an  E w a ld  — 
B oas-tube  is p assed  w ith  th e  p a tie n t in th e  le f t la te ra l  position , c a re fu l g a s tric  
lavage w ith  ice-cold saline is s ta r te d  an d  c o n tin u e d  u n til the  w ash in g  flu id  
re tu rn s  re la tiv e ly  c lear. T he saline is in fu sed  in to  th e  stom ach in  200 m l 
po rtions b y  th e  a id  o f a balloon serving fo r th e  rem o v al of gastric  c o n te n ts . 
T hen  gastroscopy  is perfo rm ed . I f  th e  source o f  b leed ing  is still u n d e te c te d , 
fu r th e r  2000 to  3000 m l blood are tran sfu sed  u n ti l  th e  e ry th ro cy te  c o u n t has 
reached  4 m illion . B lood  counts are being ch eck ed  a t  close in te rv a ls  so as to  
avoid  o v er-tran sfu sio n . N ex t m orning X -ra y s  are  m ade w ith  th e  p a t ie n t  re 
clined to  45° in s te a d  of being  placed in th e  re c u m b e n t position  as su g g ested  b y  
H a m p t o n  [13]. H e  m a y  even be m ade to  s ta n d  u p rig h t for a sh o r t t im e  if 
enough blood has been  tran sfu sed . P a lp a tio n  shou ld  be avoided u n d e r  an y  
circum stance. I f  th e  in v es tig a tio n  has been u n in fo rm a tiv e , it  m ust be re p e a te d  
in 10 to  15 d ay s , th is  tim e  b y  the  use of com pression . P ersonally  we p re fe r  a 
com pression tu b e  to  a d is tin c to r.
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Therapeutic aspects

E a r ly  recogn ition  o f th e  cause o f g a s tro in te s tin a l h aem o rrh ag e  is th e  
p re re q u is i te  o f aetio logic m an ag em en t. In  o u r  op in ion , bleeding v a rices  call 
fo r s u rg e ry  w hich m u st be as u rg e n t as possib le  i f  i t  is to  be life-sav ing . I n  th e  
case o f  a  b leed ing  u lcer, on  th e  o th e r h a n d , w e avoid  im m ed ia te  su rg e ry  if 
p o ssib le . H aem o rrh ag ic  d ia th eses , c lo ttin g  d is tu rb a n c e s  call for b lo o d  t r a n s 
fu s io n s , local ap p lica tio n  o f th ro m b in , or p la te le t  transfusions or in tra v e n o u s  
a d m in is tra t io n  of an tih aem o p h ilic  globulin .

T h e  failu re  of co n se rv a tiv e  tre a tm e n t is n o  ind ica tio n  for su rg e ry . E m e r
g en c y  o p e ra tio n s  carried  o u t to o  la te , a p a r t  fro m  being u n su ited , b e a r  a sad
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F ig . 5. S. I . ,  22-year-o ld  <?. D u o d e n a l ulcer. R e c u rre n t b leed in g . E arly  d iagnosis p ro m p te d  a 
co n se rv a tiv e  a tt i tu d e .  C om plete re c o v e ry  w as achieved

te s t im o n y  to  th is . In ju d ic io u s  ap p lica tion  o f  p a r t ia l  g astrec tom y  is n o t  only  
u se less b u t  also b o u n d  to  increase  th e  n u m b e r  o f gastric  invalids. T h e  po licy  
o f r a n d o m  resection  is indefensib le .

Im m e d ia te  endoscopy  a n d  early  X -ra y s  are  p a rticu la rly  re w a rd in g  in 
th e  fo llo w in g  cases: 1. E ro s io n s; b u t  fo r u rg e n t endoscopy, these  lesions w ould  
p ass  un reco g n ized  ow ing to  th e ir  ra p id  h e a lin g  tendency . 2. G astro -oeso- 
p h a g e a l varices. 3. M alig n an t tu m o u rs . 4. P e p tic  u lcers w ith  re c u rre n t h a e m o r
rh a g e s . S u rg e ry  m ay  p o ssib ly  be avoided  ev en  a f te r  th e  second h a em o rrh ag ic  
sh o ck  i f  th e  site and  c h a ra c te r  o f the  lesion w a r r a n t  th is  a ttitu d e . T he fo llow ing 
case w as  illu s tra tiv e .

A  22-year-o ld  m ale  w as a d m itte d  to  o u r  d e p a rtm en t w ith  m assive  
h a e m o rrh a g e  from  th e  u p p e r  g a s tro in te s tin a l t r a c t .  On adm ission he w as pale ,
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sw eating , he h ad  ta c h y c a rd ia  an d  an e ry th ro c y te  co u n t of 2 ,800,000. The 
coagulogram  was n o rm a l. Im m e d ia te  endoscopy  show ed occasional p in p o in t 
b leed ings over th e  a n tra l  m ucosa . E arly  X -ra y s  rev ea led  u lcerogenic  d e fo rm ity  
of th e  duodenum . T h e  s ite  a n d  ch a rac te r of th e  lesion as well as th e  age o f the 
p a tie n t  p ro m p ted  a co n se rv a tiv e  tre a tm e n t. M elaena recu rred  six  tim es and 
req u ired  blood tra n s fu s io n s  to ta llin g  12.3 litre s . T he progress o f  th e  case is 
seen in  Fig. 5. C o n tro l X -ra y s  on th e  2nd  M arch  1962 rev ea led  converg ing  
m ucosal folds a t  th e  b u lb a r  basis and  in th e  ob lique  position  an  u lcer niche 
ap p ea red  in  profile  on th e  p o ste rio r wall o f th e  du o d en u m . F o u r  w eeks la te r, 
th e  u lcer h ad  d w ind led  to  a m ino r duodenal d efo rm ity .

T he lead ing  a rtic le  o f  L an ce t of F e b ru a ry  26, 1966, q u o te s  th e  v iew  of 
v a rio u s au th o rs  t h a t  d u o d en a l ulcer is less liab le  to  d e a th  th a n  gastric  
u lcer b y  blood loss. I t  is, how ever, d ifficu lt to  s u b s ta n tia te  th is  c la im . A t any 
ra te , early  d iagnosis o f e ith e r  is of g rea t he lp  to  th e  surgeon , as th e  ex ac t 
loca tio n  of th e  u lcer w ill save  him  th e  d e lay  caused  b y  g a s tro to m y  an d  by 
fin d in g  th e  acu te  lesion.

I t  is also to  be m e n tio n e d  th a t  early  d iagnosis of a b leed ing  p e p tic  ulcer 
ra ises th e  possib ility  o f its  m an ag em en t w ith  DOCA. H á m o r i  e t  al. [11, 12] 
h av e  found th is  d ru g  co m p le te ly  to  in h ib it th e  fo rm atio n  of d u o d e n a l ulcer 
a n d , to  a g rea t e x te n t ,  t h a t  o f gastric  u lcer in d u ced  b y  c inchophen  in  th e  dog.

T he ob jec tive  w h ich  we are p u rsu in g  b y  o u r com plex  d iag n o stic  app ro ach  
is b rie fly  th is : N o p a t ie n t  shou ld  he exposed  to  u n n ecessary  su rg e ry , nor 
shou ld  he be sacrificed  to  an  undue  conserv a tiv ism .

Acknowledgement. W e are  in d eb te d  to  D r . I. DÖMÖK, S ta te  In s t i tu te  o f  H y g ien e , B uda 
p es t, for perform ing  th e  in f lu e n za  com plem ent f ix a tio n  te s ts .
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DIE WIRKUNG YON VERSCHIEDENEN 
INHALATIONSNARKOSETYPEN AUF DIE 

GEHIRNDURCHBLUTUNG
Von

F . K é k e s i , F . G a l l y a s  u n d  J .  S z á n t ó

N EU RO LO G ISCH -PSY CH IA TRISCH E K L IN IK  D E R  M ED IZIN ISC H EN  U N IV ER SITÄ T, PÉCS 

(E in g eg an g en  am  16. S e p tem b e r 1966)

M it H ilfe  e in e r Iso to p e n d ilu tio n sm e th o d e  w u rd e  an  e inem  n eu ro lo g isch -p sy ch i
a trisch en  bzw . n e u ro ch iru rg isch en  K ra n k e n g u t d ie  W irk u n g  v o n  N 20 -)-0 ..-N a rk o se , 
k o m b in ie rt m it  Ä th e r, H a lo th a n  oder T ric h lo rä th y le n , a u f  den  G eh irn k re is lau f g ep rü ft. 
In  e inem  T eil d e r  F ä lle  d ien te  zum  V ergleich e ine  U n te rsu ch u n g  am  gleichen In d iv id u u m  
im  W ac h zu s ta n d . D as M in u tenvo lum en  des G eh irns (zereb rale  D u rc h b lu tu n g ) erw ies 
sich  in  der M ehrzah l d e r F ä lle  als e rh ö h t u n d  d ie  K re is lau fze it als v e rk ü rz t.  E in  h ierv o n  
abw eichendes V e rh a lte n  k a m  m eist bei K ra n k e n  v o r, deren  A llg em ein zu stan d  sch lech t 
w ar. Z u nahm e d e r D u rc h b lu tu n g  u n d  V erk ü rzu n g  de r K re is lau fze it s teh en  n ic h t in  
gese tzm äß ig er P ro p o rtio n  zueinander. D er S ch lu ß  e rsch e in t g e rec h tfe r tig t, d aß  d ie 
K re is lau fp a ram e te r des G ehirns durch  d ie g e p rü fte n  N ark o sek o m b in a tio n en  n ic h t 
u n g ü n stig  b e e in f lu ß t w erden .

E in e , v ie lle ich t die w ich tig ste , F o rd e ru n g  an  die m oderne  N arkose  is t , 
d aß  die d u rch  sie h e rv o rg eru fen en  fu n k tio n e llen  W irk u n g en  n ic h t das M aß 
e rre ichen , bei dem  schon  m it e iner G ew ebsschäd igung  g erech n e t w erden  m u ß . 
O bw ohl die U n te rsu c h u n g sm e th o d e n  v e rv o llk o m m n e t w u rd en , sind  w ir auch  
h eu te  noch  n ich t in  d e r L age, jen es  M aß m it S ich e rh e it defin ieren  zu k ö n n en , 
v o r allem  n ic h t, w enn  es sich um  die N arkose  eines g eh irn g esch äd ig ten  In d i
v id u u m s h a n d e lt.

B e k a n n tlic h  w ird  die a d ä q u a te  B lu tv e rso rg u n g  des G ehirns d u rch  den  
sy s tem a tisch en  B lu td ru c k , d u rch  h um ora le  F a k to re n  u n d  du rch  neu ra le  
E in flü sse  a u fre c h te rh a lte n . D urch  die N arkose  w erden  alle diese M echanism en 
u n d  m ith in  auch d er G eh irn k re is lau f v e rä n d e r t ,  bzw . k a n n  e r v e rä n d e r t  w er
den . In  u n se ren  U n te rsu c h u n g e n  w ollten  w ir A ufschlüsse ü b e r die ev en tu e llen  
Ä n d e ru n g en  des G eh irn k re is lau fes  bei gew issen N ark o sek o m b in a tio n en  e r
h a lte n .

U ntersuchungsm ethode und Material

Die U n te rsu ch u n g en  w u rd en  an  35 n eu ro lo g isch -p sy ch ia trisch en  bzw . n eu ro ch iru rg i
schen  K ra n k en  (je  8 in tra k ra n ia le  G eschw ülste u n d  G efäß an o m alien , 5 G efäß erk ran k u n g en , 
1 su b d u ra les  H ä m a to m , d e r R est versch iedene n eu ro lo g isch -p sy ch ia trisch e  K ra n k h e iten ) 
au sg e fü h rt, bei denen  alle B ed in g u n g en  gesichert w u rd en , d ie  fü r  die A u sfü h ru n g  e iner O pe
ra tio n  in N arkose u n e rlä ß lic h  sind .

F ü r  die U n te rsu ch u n g  des G ehirnkreislaufs w u rd e  d ie  von  N y l in  (1960) a u sg earb e ite te  
u n d  von Gallyas u . Szántó  (1965) m odifiz ierte  Iso to p e n d ilu tio n s te ch n ik  v e rw en d e t. Die m it 
32P  m ark ie r te n  B lu tk ö rp e rch e n  des K ran k en  w u rd en  in  d ie  A rt. c aro tis  com m unis in jiz ie rt,
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u n d  d ie  D ilu tio n sk u rv en  w urd en  a u f  G ru n d  de r M essung de r R a d io a k tiv i tä t  v o n  B lu tm u ste rn  
g e w o n n e n , d ie  aus den B u lb i v e n a e  ju g u la r is  in te rn ae  en tn o m m en  w u rd en . D iese M ethode 
e rm ö g lic h t  u . a. die B estim m ung  des M in u ten v o lu m en s des G eh irn s1, de r d u rc h sch n ittlich e n  
K re is la u fz e i t  u n d  des B lu tg e h a lts  d es G ehirns.

A n  7 K ran k en  w urde die U n te rsu c h u n g  sow ohl im  W ac h zu s ta n d  als a u ch  w ä h re n d  der 
N a rk o se  vorgenom m en . Die M eh rzah l d e r P a tie n te n  w urde  m it R ü c k s ich t a u f  den  C h a rak te r  
d e s  K ra n k e n g u te s  und  die te c h n isch e n  S chw ierigkeiten  n u r  in  de r N arkose  g e p rü ft. A ls V or
b e re i tu n g  w u rd e n  P ro m eth az in , A tro p in  u n d  P e th id in  gegeben. N ach  V erab re ich u n g  von 
T h io b a r b i tu r a l  und  Succinylcholin  w u rd e  d ie in tra tra c h e a le  N 20 +  0 2-N arkose in  11 F ällen  
m it  Ä th e r ,  in  12 Fällen m it T r ic h lo rä th v le n  u n d  in  12 F ä llen  m it H a lo th a n  k o m b in ie rt.

Tabelle I

Fälle
' Blutdruck

Zustand ; mmHg

Minuten
volumen 

des Gehirns 
ml/Min

Durchschnitt
liche Kreis

laufzeit
sec

Blutgehalt 
des Gehirns 

ml
Narkosetyp

l .
w ach 145/100 590 10,1 99

n a rk o tis ie rt 155/115 620 5,7 59 N 20  -(- O g -(-Ä ther

2.
w ach 110/85 640 16,5 176

n a rk o tis ie rt 140/105 630 15,8 166 N 20 - f - 0  2 -(-H alo than

3.
w ach 85/60 500 11,4 95

n a rk o tis ie rt 95/70 810 5,7 77 NgO-f-O g -(-H a lo th an

4.
w ach 170/100 980 9,3 152

n a rk o tis ie rt 120/70 910 10,3 156 N 20 - ( - 0 2-(-H a lo th an

5 .

w ach 170/110 770 9,0 116

n a rk o tis ie rt 180/105 910 6,2 94 N 20 + 0 2+ T r i -

c h lo rä th y len

6 .

w ach 140/90 930 9,3 144

n a rk o tis ie rt 100/60 1330 6,6 146 N 20 - f - 0 2-}-Tri-

ch lo rä th y len

7.

w ach 150/90 820 8,5 116

n a rk o tis ie rt 110/80 1500 5,9 147 N 20 ~ (-0 24 T r i -

ch lo rä th y le n

S. d e n  T ext.

1 D a  in  der L ite ra tu r  de r A u s d ru c k  » H irn d u rch b lu tu n g «  (cereb ra l b lood  flow ) fü r  die 
B lu tm e n g e  g eb rau ch t w ird , d ie 100 g H irn su b s tan z /M in  d u rc h s trö m t, verw en d en  w ir fü r  die 
d a s  G e sa m th irn  in  1 Min. passie ren d e  B lu tm en g e  den  A u sd ru ck  »M inutenvolum en des Gehirns«. 
D ie se s  e rsch ließ t unsere M ethode fü r  je d e n  gegebenen  F a ll, ohne K e n n tn is  des H irn g ew ich tes .
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Ergebnisse

Die E rgebn isse  bezüg lich  der K ran k en , d ie  sow ohl im W ach zu stan d  als 
auch  in der N arkose  g e p rü ft w urden , sind in  T ab e lle  I zu sam m en g este llt. 
D as M inutenvolumen des Gehirns sank  e tw as in  den  F ä llen  2 und  4 (noch  im  
B ereich der F eh le rm ö g lich k e iten  der M ethode), in  den  anderen  ab er e rh ö h te  
es sich (in F ä llen  1 u n d  5 geringfügig, in F ä llen  3, 6 u n d  7 w esentlich).

Minutenvolumen 
des Gehirns

Durchschnittliche
Kreislaufzeit

Biutgeholt des 
Gehirns

wach

narkotisiert

500 1000 1500--1----1--- 1---------»--- 1--- '--- 1---- 1---- »---- !-- 2000 ml Imin

5 4ГIO
“ I--------- ----------'---------T-------- 1--------Г

15 20 sec
—I----'—

wach

narkotisier!

Ill I I I

50 100
и----1— '— '— 1— г~

150 200 ml
I--- '—

wach

narkotisiert

Abb. 1. M inu ten v o lu m en  des G ehirns, d u rc h sch n ittlich e  K re is lau fzc it und  B lu tg e h a lt  des 
G ehirns hei 43 im  W ac h z u s ta n d  u n d  35 in N arkose g e p rü fte n  K ra n k en . Die ho rizo n ta len  d ick en  

L in ien  zeigen die no rm alen  W ertb e re ich e

Die durchschnittliche Kreislaufzeit w ar u n te r  d er N arkosew irkung  im  
F a lle  4 ein w enig v e r lä n g e rt, in den anderen  F ä lle n  v e rk ü rz t.

D er Blutgehalt des Gehirns w urde d u rch  d ie  N arkose  im  F a ll 7 e rh ö h t, 
in den  F ällen  2, 4 u n d  6 ä n d e rte  er sich n u r  im  B ere ich  der F eh le rm ög lichke iten  
d er U n te rsu ch u n g s tech n ik . E r  sank  bei 3 K ra n k e n , u . zw. in den F ä llen  3 u n d  
5 m äß ig , im  F a ll 1 seh r erheb lich . E ine v e rw e r tb a re  V erkü rzung  der K re is la u f
ze it w ar in  jed em  F a ll v o n  der E rh ö h u n g  des M inutenvolumens des Gehirns 
b eg le ite t. Zw ischen dem  B lu tg eh a lt des G eh irns u n d  den anderen  K re is la u f
p a ra m e te rn  k o n n te  kein  d ire k te r  Z u sam m en h an g  fe s tg e s te llt w erden (T abelle  I).

F ü r  die F ä lle , in  d en en  die U n te rsu ch u n g  n u r  in  d er N arkose v o rg en o m 
m en w urde, d ü rf te n  als G rund lage  eines V erg leiches die R esu lta te  d ienen , die
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T abelle  II

Minutenvolumen
Gehirns

des

Z u s t a n d
M ittelw ert 

ml/M in
Streuwert 

ml/Min
Z u fall W ahrscheinlichkeit

(p)

w a ch 755 ±198 —

N 20 ± 0 „ + Ä t h e r 942 ±312 0,02 < P  < 0 ,0 5

n a rk o tis ie r t N 20 ± 0 2± H a lo th a n 1130 ± 4 8 0 0,01 < P  < 0 ,0 2

N 20 ± 0 2± T ric h lo rä th y le u 1140 ± 2 7 2 0,00 < P  < 0 ,0 1

S ta tis tisc h er V ergleich  d e r P a ra m e te r  des G eh irnk re islau fs im  w achen u n d  n a rk o tis ie rte n  
k e i t  d a s  U m gekehrte  de r K re islau fze it)  is t  u n te r  d e r W irk u n g  de r N arkose s ig n ifik an t

b e i G esu n d en  gew onnen w u rd en . W ir h a b e n  üb erd ies  einen V ergleich  a n g es te llt 
m it  d e n  W erten , die an  e in em  ähn lich  w ie das n a rk o tis ie rte  zu sam m en g ese tz ten  
K ra n k e n g u t  (43 F ä lle : je  12 in tra k ra n ia le  G eschw ülste und  G efäß an o m alien , 
9 G e fäß e rk ran k u n g en , 2 su b d u ra le  H ä m a to m e , der R est versch ied en e  n e u ro 
lo g isch -p sy ch ia trisch e  K ra n k h e ite n )  m it d e r g leichen U n te rsu ch u n g sm e th o d e  
im  W a c h z u s ta n d  e rh a lte n  w urden . D ie U n te rsch ied e  zw ischen d iesen  beiden  
G ru p p e n  im  M in u ten v o lu m en , in  der K re is lau fze it u n d  im  B lu tg e h a lt  des 
G eh irn s  sind  aus A bb . 1 e rs ich tlich .1 S ta tis t is c h  k an n  m an b e rech n en  (T abelle 
I I ) ,  d a ß  bei jed er d e r dre i N a rk o se k o m b in a tio n e n  der M itte lw ert des M in u ten 
volumens des Gehirns h ö h e r u n d  die d u rc h sc h n ittlic h e  K re is lau fze it k ü rze r 
lie g t. D e r B lu tg eh a lt des G eh irns is t ab e r in  be iden  G ruppen  im  w esen tlich en  
d e r  gleiche.

A us Tabelle I I I  is t  e rsich tlich , d a ß  das M inutenvolumen des Gehirns 
in  d e r  kombinierten N 20-Äther-Narkose  in  den  F ä llen  1 u n d  2 n ied rig , in  den 
F ä lle n  3 — 9 im  n o rm a len  B ereich  u n d  in  d en  F ä llen  10 u n d  11 o b e rh a lb  dieses 
lag . D ie durchschnittliche Kreislaufzeit w a r in  den  F ällen  1, 3 u n d  4 o b erh a lb , 
in  d e n  ü b rig en  F ä llen  in n e rh a lb  der N orm .

U n te r  den F ä llen , die m it N 20  und Halothan  n a rk o tis ie rt w u rd e n  (T a
belle  IV ), haben  w ir im  F a ll 1 ein n iedriges M inutenvolumen des Gehirns gefun-

1 D ie  von N y l i n  u . M ita rb . (1 9 6 0 )  angeg eb en en  N orm alw erte  sind  in  u n se re r  A bb. 1 
w ied erg eg eb en . N y l i n  u . M ita rb . fo lgend b e tra c h te n  w ir als norm al die d u rc h sch n ittlich e n  
K re is lau fz e iten  von  5— 10  sec. A n V ersu ch sp erso n en  im  W ach zu stan d  e rh ie lte n  w ir  se lbst 
a lle rd in g s  n iem als eine d u rc h sch n ittlich e  K re is lau fze it v o n  w eniger als 6 sec.
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Durchschnittliche
Kreislaufzeit

B lutgehalt des Gehirns

M ittelw ert Streuw ert Zufallwahrscheinlichkeit M ittelwert S treuw ert Zufallw ahrscheinlichkeit
sec sec (p) ml ml (P)

11,4 ± 8 ,8 — 135 ± 3 4 -

8,5 ± 3 ,6 0,01 < P  < 0 ,0 5 130 ± 3 4 0 ,5 0 < P < 1 ,0 0

8,9 ± 3 ,8 0 ,0 2 < P < 0 ,0 5 148 ± 3 8 0 ,2 0 < P < 0 ,5 0

6,9 ± 1 ,1 0,01 < P  < 0 ,0 2 125 ±22 0 ,2 0 < P < 0 ,5 0

Z u stan d . Die E rh ö h u n g  der D u rc h b lu tu n g  (M inutenvolum en) u n d  d e r Z irkulationsgeschw indig-

Tabelle III

N 20 + O j ± Ä t h e r

balle
B lutdruck

mmHg
M inuten volumen 

des Gehirns 
ml/Min

D urchschnitt
liche

Kreislaufzeit
sec

Blutgehalt 
des Gehirns 

ml

i . 80/50 470 14,4 113

65/45 410 15,3 102

2. 155/115 620 5,7 59

3. 100/70 720 12,9 145

4. 105/70 750 14,3 179

90/60 570 16,0 152

5. 95/65 820 7,5 103

6 . 115/85 860 5,8 83

7. 130/95 1000 7,1 118

8. 105/70 1140 7,0 133

9. 110/75 1170 7,9 154

10. 110/70 1300 5,8 127

11. 145/85 1510 5,2 131

S. den  T ex t.
In  F ällen  1 und  4 w urden d ie B estim m ungen  im  H inb lick  au f die sp o n tan en  B lu td ru c k 

schw ankungen  zweim al — bei versch ied en en  B lu td ru ck w erten  — au sg efü h rt
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d e n , w äh re n d  es in  d en  F ä llen  2 — 8 n o rm a l, in  den  F ä llen  9 —12 e rh ö h t w ar. 
D e r  A n stieg  w ar in  d en  F ä llen  11 u n d  12 beso n d ers  erheb lich . Die durchschnitt
liche Kreislaufzeit w a r in  d en  F ä llen  1, 2, 3, 7 u n d  8 v e rlä n g e rt, im  F alle  11

Tabelle IV

N 20 + 0 2 /-H a lo th a n

Fälle B lutdruck
m m H g

M inutenvolumen 
des Gehirns 

ml/Min

Durchschnittliche
K reislaufzeit

sec

Blutgehalt 
des Gehirns 

ml

l . 140/105 630 15,8 166

2. 125/85 755 14,4 181

3. 125/95 770 11,0 141

4. 95/70 810 5,7 77

5. 110/80 820 8,8 120

6. 105/65 920 6,7 103

7. 120/70 910 10,3 156

8. 150/95 950 11,1 176

9. 120/95 1550 6,6 171

10. 110/75 1590 5,8 154

11. 115/75 1920 4,2 132

12. 110/80 1950 6,2 203

S. den T ext.

e in d e u tig  v e rk ü rz t, in  den  ü b rigen  F ä llen  n o rm a l, a llerd ings in  m eh reren  in 
d e r  N äh e  des u n te re n  n o rm alen  G renzw ertes.

T abelle  V zeig t, d aß  u n te r  d er W irk u n g  v o n  iV20  und Trichloräthylen 
das M inutenvolum en des Gehirns in  den F ä llen  1 — 6 n o rm al, in  den  F ällen  
7 — 12 ab e r e rh ö h t w ar. I n  keinem  F a ll w u rd e  ein n iedriges M inu tenvo lum en  
g e fu n d en . Die durchschnittliche Kreislaufzeit w ar in F a ll 1 v e rlä n g e rt, in den 
ü b rig e n  F ällen  n o rm a l, au ch  h ie r in  m eh re ren  F ä llen  n ah e  dem  u n te ren  
n o rm a le n  G renzw ert.
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B esprechung

Die W irkung  d er N arkose  a u f  den  G eh irn k re is lau f w u rd e  b ish e r  n u r von 
w enigen A u to ren  m it H ilfe e iner q u a n ti ta t iv e n  M ethode g e p rü ft. M c D o w a ll  
u n d  H a r p e r  (1964) fan d en  bei H u n d en  die G e h irn d u rc h b lu tu n g  in  T richlor- 
ä th y len n a rk o se  ziem lich  s ta b il, u n d  M c D o w a l l  u . M itarb . (1965) hab en  bei

Tabelle V

N jO + O j j-T rich loräthy len

Fälle
Blutdruck

mmHg
Minutenvolumen 

des Gehirns 
ml/Min

Durchschnittliche
Kreislaufzeit

sec

Blutgehalt 
des Gehirns 

ml

l . 1 1 0 /8 0 700 12 ,3 143

2 . 1 1 0 /8 0 780 , 8 ,3 108

3 . 1 0 0 /6 5 8 8 0 5 ,9 86

4 . 1 8 0 /1 0 5 91 0 6 ,2 94

5. 1 3 0 /8 5 101 0 7 ,2 121

6 . 1 0 0 /8 0 124 0 5 ,9 122

7. 1 3 0 /8 5 129 0 6 ,5 14 0

8 . 1 2 5 /9 0 1 3 2 0 5 ,2 114

9. 1 0 0 /6 0 133 0 6 ,6 146

10. 1 6 0 /1 0 0 134 0 6 ,8 152

1 1 . 9 0 /6 5 1420 5 ,3 126

12 . 1 1 0 /8 0 15 0 0 5 ,9 147

S. den T ex t.

H u n d e n  e rs t n ach  län g e re r H a lo th a n n a rk o se  eine d eu tlich e  V erm inderung  
d er D u rc h b lu tu n g  fests te llen  kö n n en . S c h m a h l  (1965) b e o b a c h te te  an  K atzen  
e rh ö h te  H irn d u rc h b lu tu n g  tro tz  B lu td ru ck sen k u n g  w ä h re n d  d e r  H a lo th a n 
narkose . Ch r is t e n s e n  u . M itarb . (1965) sahen  in d er H a lo th a n n a rk o se  am 
M enschen eine A b n ah m e sow ohl d er H irn d u rc h b lu tu n g  als au ch  des G efäß
w iderstandes.

Bei unseren  K ra n k e n , bei denen  die B estim m u n g en  sow ohl v o r  als auch 
w ährend  der N arkose  v o rgenom m en  w u rd en , erw ies sich das M inut<*nvolumen 
des G ehirns u n te r  d er W irk u n g  d er N arkose  als e rh ö h t (die in  2 F ä llen  gefun
dene A bnahm e lag  in n e rh a lb  der F eh lerg renzen) und  die Z irku la tionsgeschw in -
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d ig k e it  m eistens b e d e u te n d  b esch leun ig t. D er s ta tis t is c h e  V ergleich je n e r  
G ru p p e n , in  denen die U n te rs u c h u n g  n u r im w achen  bzw . n u r  im  n a rk o tis ie rten  
Z u s ta n d  ausgefülirt w u rd e , l ä ß t  a u f  eine Z u n ah m e sow ohl der G eh irn d u rch 
b lu tu n g  als auch d er Z irk u la tio n sg esch w in d ig k e it w ä h re n d  d er N arkose  
s c h lie ß e n , w ährend d er B lu tg e h a l t  des G ehirns u n v e rä n d e r t  b le ib t. D ie s ta 
t is t i s c h e n  Ergebnisse sind  n a tü r l ic h  n u r au f die M itte lw e rte  d er K re is lau fp a ra 
m e te r  zu  beziehen; im  e in z e ln e n  F a ll können die D u rc h b lu tu n g  des G ehirns u n d  
d ie  Z irk u la tio n sg esch w in d ig k e it u n te rh a lb  der N o rm  sein  (A bb. 1).

D ie  Z ahl der U n te rs u c h u n g e n  reich t n ich t au s , u m  endgü ltige  F o lg e ru n 
gen  in  bezu g  au f U n te rsc h ie d e  zw ischen der W irk u n g  d e r  d re i N ark o sek o m b i
n a t io n e n  zu ziehen. W en n  d ie  E rgebn isse  der n a rk o tis ie r te n  K ra n k e n  m it den 
n o rm a le n  W erten  v e rg lich en  w erd en , kann  fe s tg e s te llt  w erd en , d aß  die D u rc h 
b lu tu n g  des Gehirns e tw a  b e i  10 %  der n a rk o tis ie r te n  K ra n k e n  n ied rig er is t 
als d e r  u n te re  norm ale  G re n z w e r t, und  die d u rc h sc h n ittlic h e  K re is lau fze it 
b e i 2 5 %  der Fälle ü b e r d em  o b e ren  norm alen  G re n z w e rt lieg t (A bb. 1). N ied 
rig e s  M inu tenvo lum en  (D u rc h b lu tu n g )  m it v e r lä n g e r te r  K re is lau fze it g e p a a rt 
k o n n te  be i solchen K ra n k e n  fe s tg e s te llt w erden , d e re n  A llg em ein zu stan d  sehr 
s c h le c h t  w ar. Es sch e in t a lso  zu m  m indesten  frag lich , ob ih r  G eh irn k re is lau f 
d u rc h  d ie  N arkose v e rs c h le c h te r t  w urde.

W e n n  m an das V e rh a lte n  d er P a ra m e te r  des G eh irnk re islau fs im  w a
c h e n  u n d  n a rk o tis ie rten  Z u s ta n d  u n d  das V e rh a lte n  des S y stem drucks v e r
g le ic h t, k an n  m an b ezü g lich  d e r R egulierung des G eh irnk re islau fs in te re s 
s a n te  Fo lgerungen  ziehen . W ie  aus Tabelle I e rs ich tlich , s tieg  der B lu td ru c k  
in  d e n  F ä llen  1, 3 u n d  5 m ä ß ig  (2 —14% ) an ; d ab e i v e rk ü rz te  sich die K re is
la u fz e i t  sehr erheblich  (45 — 100% ). G leichzeitig sa n k  d er B lu tg eh a lt des 
G e h irn s  w esentlich (19 — 4 0 % ). H ierau s d ü rfte  m a n  a u f  eine V erengerung  der 
H irn g e fä ß e  schließen. Im  F a l l  6 e rh ö h te  sich das M in u ten v o lu m en  des G ehirns 
(4 1 % ) u n d  sank die K re is la u fz e it  (30% ), obw ohl d e r systo lische B lu td ru c k  
u m  2 7 %  abnahm . D abei ä n d e r te  sich der B lu tg e h a lt  des G ehirns n ic h t. A us 
d e m  un te rsch ied lich en  V e rh a lte n  der P a ra m e te r  in  d iesen  F ä llen  d a rf  m an  
sc h lie ß e n , daß die Z irk u la tio n sg esch w in d ig k e it u n d  die D u rc h b lu tu n g  n ic h t 
a lle in  v o n  der A u fn a h m e fä h ig k e it des gesam ten  H irn g e fä ß sy s te m s  (und  vom  
B lu td ru c k )  abhängig sind . M an  k a n n  daran  d en k en , d a ß  u n te r  d er N ark o se 
w irk u n g  die G efäßw eite a u f  e in e r  S trecke, die fü r  d en  W id e rs ta n d  von  B elang  
is t ,  a b n im m t. Die e inze lnen  G efäß ab sch n itte , die fü r  d en  h y d ro d y n am isch en  
W id e rs ta n d  von v e rsc h ie d e n e r B ed eu tu n g  sind, b ra u c h e n  also n ic h t die glei
c h e n  K a lib e rv e rän d e ru n g en  z u  erleiden. U n te r  so lchen  B ed ingungen  k ö n n te n  
s ich  D u rc h b lu tu n g  u n d  S trö m u n g sg esch w in d ig k e it se lb s t bei e iner B lu td ru c k 
s e n k u n g  erhöhen.

Acta Medica Academiae Scientiarum Hungaricae 24, 1967



W I R K U N G  V O N  I N H A L A T I O N S N A R K O S E T Y P E N  A U F  G E H I R N D U R C H B L U T U N G 161

L IT E R A T U R

Ch r is t e n s e n , M. S ., H o e d t -R a sm u ssen , K ., L a s s e n , N . A .: T he cerebral b lood  flo w  d u rin g  
H a lo th a n e  a n ae sth es ia . A c ta  neurol. scand. S u p p l. 14, 152 (1965).

Ga lly a s , F ., Szá n tó , J . :  B lood  sam ple collector fo r in v e s tig a tio n  of cerebral c irc u la tio n . M ed. 
E lec tro n . B iol. E n g n g . 3, 421 (1965).

McD owall, D. G., H a r p e r , A. M., J acobson, L: Cerebral blood flow  during trich loroethylene  
anaesthesia: a com parison w ith halothane. B r it. J . Anaesth. 36, 11 (1964).

McD o w a ll , D. G., H a r p e r , A. M.: B lood flow  a n d  o x y g e n  u p ta k e  of th e  ce reb ra l c o r te x  of 
th e  dog d u rin g  a n a e s th e s ia  w ith  d iffe ren t v o la ti le  ag en ts . A cta  neurol. scan d . 14, 146 
(1965).

N y l in , G., Sil f v e r s k iö l d , B. P ., L ö fs t e d t , S., R e g e n s t r ö m , О., H e d l u n d , S .: S tu d ie s  on 
cereb ra l b lood flow  in  m an  using  rad io ac tiv e  lab e lle d  e ry th ro cy te s . B ra in  83, 293 (1960).

S chm ahl , F . W .: E ffec ts  o f  an aesth e tic s  on reg io n a l ce re b ra l blood flow  an d  th e  reg io n a l 
c o n te n t o f som e m e ta b o lite s  o f th e  b ra in  c o r te x  o f th e  cat. A cta  neuro l. sc a n d . 14, 
156 (1965).

Szántó , J . ,  Ga lly a s , F .: U n te rsu ch u n g  de r G e h irn d u rc h b lu tu n g  m it einer Iso to p e n -D ilu tio n s- 
m eth o d e  am  M enschen. A rch. P sy ch ia t. N e rv e n k r . 206, 761 (1965).

D r. F eren c  K é k e s i  
F eren c  G a l l y a s  
D r. Jó z se f  Szá n tó

N euro lo g isch -P sy ch ia trisch e  U n iv e rs itä ts 
k lin ik . Pécs, R é t  u . 2. U ngarn

11 Acta Medica Academiae Scientiarum Hungaricae 24, 1967



Printed in Hungary

A k ia d á sé r t felel az Akadémiai K iadó igazgató ja  Műszaki szerkesztő: F a rk as  Sándor
Л  k éz ira t nyom dába érkezett: 1967. V. 4. — Terjedelem: 14,5 (A/5) ív. 88 ábra (3 színes), 2 m elléklet

6 7 .6 3 8 2 3  A k a d é m ia i  N y o m d a ,  B u d a p e s t  —  F e le lő s  v e z e tő :  B e r n â t  G y ö rg y



B a rta , D ifferen tia l D iagnosis o f A cute  G eneralized  L y m p h a d e n o p a th y  a n d  C hronic
A bdom inal L y m p h -N o d e  D ise a se ................................................................................................... 3

B ohenszky , Gy. and  Bokor, Z s.:  C ard iovascu lar C on tour P u lsa tio n  in  C o n stric tiv e  P eri
card itis  .......................................................................................................................................................... 13

B urger, T ., Gallyas, .F., Szántó  :, J . ,  K eszthelyi, В . u n d  К о р а , J .:  U n te rsu ch u n g  des H irn 
kreislaufs bei P o ly c y th a e m ia  v e r a ................................................................................................  21

Gallyas, F ., К ора, J . ,  M érei, F . T . u n d  Szántó, J .:  U n te rsu ch u n g  de r Z irk u la tio n  de r ro ten
B lu tk ö rp erch en  u n d  des P lasm as in  den m en sch lichen  G ehirngefäßen  ........................  29

N agy, I. : D iagnostiz ierung  von  T u m o rm e ta stasen  a n h a n d  von  B lu tg e r in n u n g su n te r
suchungen ................................................................................................................................................... 37

Lajos, L ., Kecskés, L ., M utschler, F . and  Illei, G y.: C linical a n d  E ndocrino log ical A spects
of V irilizing A d ren o co rtica l A d en o m a ............................................................................................ 45

M etzl, J . ,  Rádler, A .,  K ustos, Gy. an d  Gimes, E . : E x p e rim e n ta l B ile -R eflux  P a n c re a titis
in  th e  D o g ...................................................................................................................................................  57

P atakfa lv i, A . und  B ackhausz, R .:  N euere A nschauungen  bezüg lich  der D iagnose u n d  der
T h erap ie  des P la sm o zy to m s ............................................................................................................  67

Poor, G y.: U ber h y p e rto n isc h e  K le in h irn b lu tu n g e n .............................................................................. 81

Schranz, D. : A b n ü tzu n g  des Gebisses des fossilen u n d  re ze n te n  M enschen u n d  die B ed eu 
tu n g  des K au en s in  de r stom ato log ischen  P ro p h y la x e .......................................................  89

U j, J .  : D ie m oderne  A n sch au u n g  der E nd o d o n tie  im  Spiegel k lin ischer u n d  ex p erim en te lle r
U n te rsu ch u n g en  ....................................................................................................................................  93

Szántó, J . ,  Gallyas, F . e t  K ékesi, F .:  L ’effet de l’h y p o ten s io n  artéfic ielle  su r le d é b it céré
b ra l chez l ’hom m e ...............................................................................................................................  109

P in tér, J . ,  Császár, J . ,  M ihale.cz, K .  u n d  W ölfer, E .:  N eu ere  G esich tsp u n k te  bezüglich
der B eh and lung  d e r a k u te n  N iereninsuffizienz ......................................................................  117

Götz, F ., Wölfer, E . an d  V áry, L . : D rink ing  W ater an d  R e n a l C alculus F o rm a tio n ...................  123

Gróf, P ., Bodzay, J .  an d  K ovács, A . : C aro tenoderm ia ...........................................................................  129

H ám ori, A .,  Nemes, T ., B íbor, Z ., R ü li, J .  and  S in kó , О .: E a r ly  C om plex D iag n o stic  Ap
p ro a ch  to  H aem a tem es is  a n d /o r M elaena ....................................................................................  141

K ékesi, F ., Gallyas, F . u n d  Szántó , J . :  Die W irkung  v o n  versch ied en en  In h a la tio n sn a rk o 
se ty p en  au f die G e h irn d u rc h b lu tu n g  ....................................................................................... 153

IN D E X

11* Acta Mcdica Academiae Scicnliarum Hungaricae 24, 1967



Wirksam:
a. m y o to n o ly tit is c h  bei h y p e rto n isc h en  Z u stän d en  de r 

Q u e rg esch tre ifem  M u sk u la tu r

b . d u rc h b lu tu n g s fö rd e rn d  bei ob lite ra tiven f G efässe rk ran k u n g en

H a u p tin d ik a tio n e n :

I .  P e r ip h e re  D u rc h b lu tu n g ss tö ru n g en
B ü rg e rsch e  K ra n k h e it , R a y n au d sch e  K ra n k h e it  u . A.

II. D u rc h  S p a s t iz i tä t  oder K o n tra k tu re n  b ed in g te  Z u s tän d e  
P y ra m id e n b a h n lä s io n e n  
D issem in ie rte  Sklerose 

[M y elopath ien  
E n ze p h a lo m y e litis  
M u sk e lh y p e rto n ie  
M u sk elsp asm en  
R igor
Sp ina le  A u to m a tism en
Z u r U n te rs tü tz u n g  de r T h era p ie  bei p o sten zep h a litisch em  und
a rte rio sk le ro tisch e m  P a rk in so n ism u s
B ei E le k tro sc h o c k  zu r L in d e ru n g  d e r K räm pfe
Z ur A u ssc h a ltu n g  des das E k g  s tö re n d en  M u sk elz itte rn s
M u n d sp erre

M Y & О С Л LM

D r a g é e s  A m p u l l e n

l-P ip e rid in o -2 -m e th y l-3 -p -to ly l-p ro p an -3 -o n

GEDEON RICHTER AG
B u d a p e st  • U ngarn

In fo rm a tio n  u n d  L ite ra tu r  von M E D IM P E X  • B u d a p es t 5 • P o s tfa c h  126



ACTA M E D IC A
TOM 24 — ВЫП. 1—2

Р Е З Ю М Е

ДАННЫЕ К ДИФФЕРЕНЦИАЛЬНОМУ ДИАГНОЗУ ОСТРОЙ 
ГЕНЕРАЛИЗОВАННОЙ ЛИМФАДЕНОПАТИИ И ХРОНИЧЕСКОГО 

ЗАБОЛЕВАНИЯ БРЮШНЫХ ЛИМФАТИЧЕСКИХ УЗЛОВ
И. БАРТА

В течение 1965 и 1966 года в отделение автора было принято несколько больных 
с острой лимфаденопатией с лихорадкой, без характерного изменения картины крови, 
причем и проба по Паул—Бунеллю неоднократно давала отрицательный результат. 
Подобные случаи были описаны как нетипичная форма инфекционного мононуклеоза. 
У больных была проведена также биопсия лимфатических узлов, которая, однако, не 
выявила существенного отклонения, тогда как при нетипичной форме инфекционного 
мононуклеоза можно обнаружить изменения величины, формы и структуры разрастаю
щихся ретикулярных клеток. Это своеобразное заболевание, предположительно, вызы
вается вирусами, хотя еще не удалось изолировать патогенного агента. Для дифферен
циации от лимфаденопатпи, сопровождающей известные вирусные заболевания, пра
вильнее всего применять название: острая доброкачественная генерализованная лимфа- 
денопатия.

В связи с хронической лимфаденопатией автор указывает на диагностические 
трудности заболевания брюшных лимфатических узлов. При помощи лимфаденографии 
в трех случаях удалось доказать, что жалобы больных были вызваны изолированным 
туберкулезом ретроперитонеальных лимфатических узлов. При генерализованном забо
левании лимфатических узлов, прежде всего при лимфогранулематозе, даже если пора
жение клинически локализуется лишь в наружной области, сравнительно быстро можно 
выявить также изменение ретроперитонеальных лимфатических узлов. В 1-ой стадии 
саркоидоза легких ретроперитонеальные лимфатические узлы также увеличиваются и, 
следовательно, при этих патологических процессах распределение на стадии является 
ненадежным.

ИЗМЕНЕНИЯ ПУЛЬСАЦИИ СЕРДЕЧНО-СОСУДИСТОЙ СИСТЕМЫ ПРИ 
КОНСТРУКТИВНОМ ПЕРИКАРДИТЕ

Дь. БОХЕНСКИ и Ж. БОКОР

Обсуждается диагностическая ценность электрокимографического исследования 
больных с конструктивным перикардитом. На основании литературных данных и соб
ственных наблюдений авторы полагают, что указанный метод предоставляет более на
дежные данные, чем другие способы косвенного исследования пульсации.

ИССЛЕДОВАНИЕ ЦЕРЕБРАЛЬНОГО КРОВООБРАЩЕНИЯ ПРИ ЭРИТРЕМИИ

Т. БУРГЕР, Ф. ГАЛЛЯШ, Й. САНТО, Б. КЕСТХЕИ и Я. КОПА

У больных эритремией было исследовано церебральное кровообращение методом 
разведения изотопов. У всех больных было выявлено повышение объема крови и гема- 
токрита. У б больных минутный объем крови был выше чем в норме, у 5 — количество 
крови, протекающей через головной мозг, оказалось пониженным, а у 5 больных содер
жание крови в головном мозге было повышенным. Время кровообращения было у всех 
больных значительно повышенным, в частности у тех, у которых величина гематокрита 
достигла почти 70%. Артериально-венозная разность кислорода была у 4 больных повы
шенной, а церебральное потребление кислорода было у всех больных пониженным, хотя 
еще в пределах нормы.
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ИССЛЕДОВАНИЕ СКОРОСТИ ЦИРКУЛЯЦИИ ЭРИТРОЦИТОВ и  
ПЛАЗМЫ В СОСУДАХ ГОЛОВНОГО МОЗГА ЧЕЛОВЕКА

Ф. ГАЛЛЯШ, Я. КОПА, Ф. МЕРЕИ и Й. САНТО

Скорость циркуляции эритроцитов и плазмы в сосудах мозга человека исследо
валась методом Нилина по разведению изотопов, модифицированным авторами. Плазма 
протекала через сосудистую систему мозга в среднем на 8,0% медленнее чем эритроциты. 
При исчислении на основании радиоактивности плазмы внутренний объем сосудистой 
системы головного мозга оказался на 8,4% большим, чем в случае исчисления на основе 
меченых эритроцитов. Между скоростью циркуляции мелких и гигантских молекул 
плазмы не было найдено оценимого отклонения.

ДИАГНОЗ МЕТАСТАЗА ОПУХОЛИ НА ОСНОВЕ РЕЗУЛЬТАТОВ 
ИССЛЕДОВАНИЯ СВЕРТЫВАНИЯ КРОВИ 

и .  НАДЬ

Сообщаются данные опухолевых больных, у которых .метастазы в костном мозге 
и в печени сопровождались характерными изменениями свертывания крови. Причиной 
тяжелого и трудно поддающегося лечению геморрагического диатеза были тромбоцито- 
пения, повышение фибринолиза и уменьшение количества фибриногена. В случае тром- 
боцитопении и расстройства свертываемости крови невыясненной причины результаты 
комплексных исследований свертывания крови могут указать на метастаз опухоли.

ДАННЫ Е К КЛИНИКЕ И ЭНДОКРИНОЛОГИИ ВИРИЛИЗУЮЩЕЙ АДЕНОМЫ
НАДПОЧЕЧНИКОВ

Л. ЛАЙОШ, Л. КЕЧКЕШ, Ф. МУЧЛЕР и Дь. ИЛЛЕИ

Исследуются клиника и эндокринология вирилизующей аденомы надпочечников 
весом в 650 г. Биохимические определения гормонов проводились в сыворотке, в моче 
и в опухолевой ткани.

После удаления опухоли клинические симптомы сравнительно быстро улучшились 
и эндокринное состояние организма быстро нормализовалось. После операции больная 
имела 3 спонтанных аборта. При четвертой беременности при помощи операции по Шн- 
родкару родился мальчик весом в 1670 г. В однолетнем возрасте ребенок показал нор
мальное развитие.

ЭКСПЕРИМЕНТАЛЬНЫЙ ПАНКРЕАТИТ ОТ ОБРАТНОГО ТЕЧЕНИЯ ЖЕЛЧИ
У СОБАК

я. МЕТЦЛ, А. РАДЛЕР, Дь. КУСТОШ и Э. ГИМЕШ

Сообщается модифицированный метод для создания экспериментального панкреа
тита от обратного течения желчи. Было установлено, что методом Хермана и Ноулеса 
можно вызвать летальный панкреатит отечно-геморрагического характера. Недостатком 
метода является, что пенкреатит сопровождается прочной желтухой, усиливающейся до 
гибели животных, что в случае изучения результатов терапевтических мероприятий мо
жет изменить патологическую картину. Поэтому авторы модифицировали вышеуказан
ный метод, в целях еще лучшего подражания патофизиологическим условиям, пред
полагаемым при панкреатите человека, в частности временного характера застоя, вызван
ного ущемлением желчного камня и вторичного рефлюкса желчи. После соединения 
желчных путей и протоков поджелудочной железы при помощи пластмассовой трубки 
они создали еще добавочный так наз. стерильный анастомоз между желчным пузырем и 
желудком, который к 2-у — 3-у дню после операции уже стал проходимым, вызвал де
компрессию и тем самым прекратил желтуху. Этим методом авторы производили операции 
на 14 собаках, среди которых 11 погибли от панкреатита и 3 выжили. Патологоанатоми
ческие изменения были подобны изменениям, наблюдаемым у животных, оперированных 
первоначальным немодифицированным методом.
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4. Авторы придерживаются того мнения, что каротинемия развивается вследствие 
недостаточности избирательной функции в отношение каротиноидов, механизм которой 
еще невыяснен и местом которой, по всей вероятности является стенка кишек, именно 
исключительно в отношении каротина.

На основе своих собственных наблюдений и литературных данных авторы выяв
ляют, что в развитии клинической картины каротинодермии кожные раздражения (меха
нические, световые) могут играть определенную модифицирующую роль: они могут уси
лить изменение цвета. Дается подробное обсуждения предположительного механизма 
этого действия.

РАННЕЕ ПРОВЕДЕНИЕ КОМПЛЕКСНОГО ДИАГНОСТИЧЕСКОГО 
ИССЛЕДОВАНИЯ В СЛУЧАЕ КРОВОТЕЧЕНИЙ ИЗ ВЕРХНЕГО ОТДЕЛА 

ПИЩЕВАРИТЕЛЬНОГО ТРАКТА

А. ХАМОРИ, Т. НЕМЕШ, 3. БИБОР, Й. РЮЛЛ и О. ШИНКО

Авторы в 126 случаях пытались поставить ранний этиологический диагноз мас
сивных кровотечений из верхнего отдела пищеварительного тракта. При помощи коагу- 
лограммы, немедленной эзофагоскопии, немедленной гастроскопии и раннего рентгенов
ского исследования в 90% случаев был получен правильный диагноз. В шести случаях 
диагноз оказался ошибочным, а в восьми случаях никаким способом не удалось выяснить 
причину кровотечения. У этих больных была обнаружена лишь поразительно гипереми- 
ческая, грубая складчатость слизистой оболочки. Предполагается, что кровотечение было 
вызвано умеренным алкогольным гастритом, который, однако, до проведения исследо
вания уже излечился. Реакция связывания комплемента в связи с гриппом дала лишь 
в одном случае положительный результат. Грипп не является преципитирующим фак
тором.

Раннее комплексное диагностическое исследование было проведено без вредных 
последствий. Противопоказания те же, что и обычно. Геморрагический шок, преклонный 
возраст больных, не являются противопоказанием.

Ранний этиологический диагноз гематемеза и (или) мелены предоставляет воз
можность для проведения этиологической терапии. В результате этого уменьшается число 
частичных гастректомии, производимых по поводу кровотечения, и угроза смерти от 
обескровливания вследствие разрыва варикозного узла.

ДЕЙСТВИЕ РАЗЛИЧНЫХ ТИПОВ ИНГАЛЯЦИОННОГО НАРКОЗА НА 
КРОВОИЗЛИЯНИЕ В МОЗГ

Ф. КЕКЕШИ, Ф. ГАЛЛЬЯШ и Й. САНТО

Авторы исследовали методом изотопной дилюции действие наркоза N20  +  0 2 
комбинированного Халотаном и Триленом на церебральное кровообращение у больных 
нейропсихиатрического и нейрохирургического отделений. В одной части случаев было 
проведено сравнение результатов, полученных у одного и того же больного под наркозом 
и без наркоза. В большинстве случаев минутный объем крови в мозге (церебральное кро
вообращение) оказался увеличенным, время кровообращения было короче. Отклоняю
щиеся от вышеуказанных были результаты, полученные у больных, находившихся в 
плохом общем состоянии. Усиление церебрального кровообращения и укорочение 
времени кровообращения не показали закономерной корреляции. На основании этих 
результатов авторы делают вывод, что исследовавшиеся комбинации наркоза не оказы
вают вредного действия на параметры церебрального кровообращения.
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ДЕЙСТВИЕ ИСКУССТВЕННОГО ПОНИЖЕНИЯ КРОВЯНОГО ДАВЛЕНИЯ 
НА КРОВООБРАЩЕНИЕ МОЗГА У ЧЕЛОВЕКА 

Й. САНТО, Ф. ГАЛЛЯШ и Ф. КЕКЕШИ

Действие вызванного Арфонадом понижения кровяного давления на церебральное 
кровообращение исследовалось у 16 больных, страдающих различными заболеваниями 
нервной системы.

Под влиянием понижения кровяного давления во всех случаях наблюдалось умень
шение скорости кровообращения.

Под влиянием незначительного понижения кровяного давления количество крови, 
протекающей через мозг, показало лишь очень небольшое изменение, тогда как значи
тельное падение кровяного давления вызывало выраженное уменьшение кровообращения.

Между размером понижения кровяного давления и изменением содержания крови 
в мозге не удалось выявить взаимосвязи.

НОВЫЕ АСПЕКТЫ ЛЕЧЕНИЯ ОСТРОЙ НЕДОСТАТОЧНОСТИ ПОЧЕК
Й. ПИНТЕР, Й. ЧАСАР, К. МИХАЛЕЦ и Э. ВЁЛЬФЕР

На основании собственных наблюдений и литературных данных улучшение прог
ноза больных с острой анурией авторы приписывают правильной профилактике и усовер
шенствованию как наз. комплексного антиуремического лечения. Они обращают внимание 
на значение лечения маннитом в полиурической фазе после применения искусственной 
почки, а также на прекращение кровотечения во время гемодиализа при помощи эпсиа- 
минокапроновой кислоты и Трасилола.

ПИТЬЕВАЯ ВОДА И ОБРАЗОВАНИЕ КАМНЕЙ
Ф. ГЁЦ, Э. ВЁЛЬФЕР и Л. ВАРИ

Авторы исследовали в области Баранья (Венгрия) распределение больных с по
чечными камнями на основании их места жительства и установили в горах Мечек так 
называемые зоны образования камней. В целях выяснения этого явления они проводили 
анализ почечных камней и питьевой воды, и исследовали больных также после нагрузки 
кальцием и магнием. Авторы полагают, что образование камней индуцируется высоким 
содержанием кальция в питьевой воде, после чего наступает уменьшение содержания 
магния в сыворотке со всеми его последствиями. Они выявили также, что у больных с 
камнями, содержащими оксалат кальция и фосфат кальция, после нагрузки магнием в 
существенной мере понижается выделение кальция и фосфата. На основании этих резуль
татов авторы пытались пероральной дачей магния растворить камни вышеуказанного 
состава и достигнуть профилактического эффекта.

ДАННЫЕ К ПАТОЛОГИИ КАРОТИНОДЕРМИИ
П. ГРОФ, Й. ВОДЗАИ и А. КОВАЧ

Вследствие потребления большого количества табака развивались два случая 
каротинодермии. В связи с анализом этих двух случаев авторы устанавливают, что

1. Уровень каротиноидов в сыворотке больных каротинодермией многократно 
превышает величины в норме; у одного исследовавшегося больного эта величина соста
вила 2480 мкг%.

2. Ответственным за повышение уровня каротина в сыворотке является /î-каротин; 
соотношение каротин : ксантофилла в сыворотке 9:1.

3. Каротин является преобладающей частью смеси каротиноидов, накопившихся 
в роговом слое (90%), значит состав идентичен с составом сывороточных каротиноидов. 
Поглощенные питательными веществами каротиноиды проникают через эпителий и по
падают в роговой слой без всякого химического изменения.
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НОВЫЕ АСПЕКТЫ ПРИ ДИАГНОЗЕ И ЛЕЧЕНИЯ ПЛАЗМОЦИТОМЫ

А. ПАТАКФАЛЬВИ и Р. БАКХАУС

Дается анализ данных анамнеза, исследований костного мозга, рентгеновского- 
исследования, исследования сывороточных белков и мочи 17 больных плазмоцитомой и 
обсуждаются критерии диагноза плазмоцитомы. Сообщаются результаты исследования 
синтеза противотел и возможности лечения. В исследованиях авторов иммунный электро
форез давал 100 %-ный положительный результат, и поэтому они обращают внимание на 
значение этого метода исследования в атипичных или олигосимптомных случаях. Плаз
моцитомы часто проявляются в виде синдрома отсутствия противотел. Авторы ночти без 
исключения выявляли тяжелое нарушение образования антител. В случае профилакти
ческой дачи гамма-глобулина они получали хорошие результаты.

ГИПЕРТОНИЧЕСКИЕ КРОВОТЕЧЕНИЯ В МОЗЖЕЧКЕ

Дь. ПОР

1. Кровотечения в мозжечке у гипертоников происходят из ветвей верхней артерии 
мозжечка, снабжающих зубчатое ядро мозжечка. Результаты исследований автора под
тверждают утверждение А. Томаса (1925), согласно которому артерия зубчатого ядра 
имеет в мозжечке то же значение, что и a. lenticulostriata в головном мозге.

2. Встречаются две формы массивного кровотечения, вызванного гипертонией, а 
именно массивное разрушающее кровотечение и «линейное» кровотечение, рассекающее 
белое вещество.

3. На основе данных гистологического исследования можно делать заключения о 
патомеханизме возникновения кровотечения.

4. У больных с массивными кровотечениями в мозжечке вследствие гипертонии, 
не было обнаружено симптомов, указывающих на локализацию кровотечения.

СТИРАНИЕ ЗУБОВ У ДРЕВНЕГО ЧЕЛОВЕКА И У ЧЕЛОВЕКА НАШИХ 
ДНЕЙ И ЗНАЧЕНИЕ ЖЕВАНИЯ ДЛЯ ЗУБНОВРАЧЕБНОЙ ПРОФИЛАКТИКИ

Д. ШРАНЦ

Данные исследования челюстей ископаемых черепов и человека наших дней доказы
вают, что у наших предков в результате сильного жевания не наблюдаются признаков 
кариеса, и если они не перегружали зубы чрезмерно сильным жеванием, то у них не раз
вивались заболевания зубных альвеол. Следовательно настоящее значительное распрост
ранение кариеса зубов и заболевания зубных альвеол отчасти обуславливаются несоот
ветствующим питанием, отклоняющемся от естественных условий. Поэтому уже моло
дых детей следует приучить к соответствующему жеванию.

СОВРЕМЕННОЕ ВОЗЗРЕНИЕ НА ЭНДОДОНТИЮ В СВЕТЕ 
КЛИНИЧЕСКИХ И ЭКСПЕРИМЕНТАЛЬНЫХ ИССЛЕДОВАНИЙ

Я. УЙ

На основе литературных данных сообщаются результаты новейших исследований 
по вопросу лечения заболевания зубной мякоти. Сообщаются также собственные иссле
дования автора, проведенные в связи с прямым лечением зубной пульпы.

В первой серии опытов автор проводил клиническое и гистологическое исследо
вание действия комбинированного применения антибиотиков неомицин +  хлороцид на 
пульпу зубов молодых людей.

Во второй серии опытов автор исследовал и оценивал клинические и рентгеноло
гические данные прямого лечения зубной мякоти пастой Са(ОН)2 при одновременном 
применении компрессии.
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ERFAHRUNGEN ANLÄSSLICH DER REHANDLUNG 
CHRONISCHER NIERENKRANKEN

Von

F . Ba l o g h , J .  P i n t é r , A. K a r á t s o n  und T . S z e l e s t e i

UROLOG ISCHE K L IN IK  (D IR E K T O R : P R O F . D R. F. BALOGH) D E R  M ED IZIN ISC H EN  U N IV E R S IT Ä T , PÉCS

(E in g eg an g en  am  10. S e p tem b e r 1966)

Die E in fü h ru n g  d e r M an n itth e rap ie  gab  d e r B e h an d lu n g  de r U räm ie  eine neue 
W en d u n g . D ie A n w en d u n g  der m it M an n it e rg än z te n  k o m p le x -an tiu räm isc h en  T h erap ie  
bzw . die g u ten  R e su lta te  de r u n te r  M an n it-S ch u tz  d u rc h g e fü h rten  O p e ra tio n en  erm ög
lic h te  die Ü b e rp rü fu n g  d e r F rag e  de r ren a len  K o n tra in d ik a tio n  e in iger O p e ra tio n en . 
D ie P a tie n te n , bei den en  d ie a k u te  A u fflackerung  d e r  ch ron ischen  U räm ie  info lge in te r 
k u r re n te r  E rk ra n k u n g e n , fieb rig er Z u stän d e  beso n d ers  a b e r eines ch iru rg isch en  E ingriffs 
n ic h t zu  k o m p en sie ren  w ar, k ö n n en  m it H ilfe  d e r rech tze itig  an g ew a n d ten  M ann it- 
B e h an d lu n g  ü b e r  d ie k ritisc h e  P eriode  h inw eggeholfen  u n d  zum eist a u ch  am  L eben 
e rh a lte n  w erden . In  A n b e tra c h t, d aß  das M an n it sow ohl den  E le k tro ly th a u s h a lt  als 
a u ch  das H erz  u n d  den  K re is lau f b e e in flu ß t, m üssen  die P a tie n te n  im  L au fe  de r B e h an d 
lu n g  — zw ecks V o rb eu g u n g  ev en tu e lle r K o m p lik a tio n e n  — so rg fä ltig  k o n tro llie r t  w er
den . D ie V o rb ed in g u n g en  de r erfo lgreichen  M an n it-B eh an d lu n g  sin d  die A usw ahl 
d e r en tsp rec h en d e n  F ä lle , d ie B eh an d lu n g sze it, die D o sierung  sowie die G le ichstim m ung  
d e r  ü b rig en  B eh and lungsw eisen  u n d  der e v en tu e llen  O p era tio n .

D ie sich a u f dem  G eb ie t d er T h erap ie  vo llgezogene E n tw ic k lu n g  b ra c h te  
es m it sich , d aß  die m it d e r B eh an d lu n g  d er ch ro n isch en  N ie ren k ran k en  v e r
b u n d en en  F rag en  in  d er le tz te n  Z eit im  M itte lp u n k t des In te re sse s  stehen . 
Ü ber die m it d er ch ron ischen  H äm o d ia ly se  e rm itte lte n  g u ten  E rgebn isse  
[3, 4, 5 , 9, 13] b e rich ten  zah lre iche  M itte ilungen . D ieses B eh an d lu n g sv e rfah ren  
b e fin d e t sich in  ein igen L ä n d e rn  (Schw eden, F ra n k re ic h )  in  d e ra r tig  fo r t
g esch ritten em  S tad iu m , d aß  eine m eh rjäh rig e  L e b en sv e rlän g eru n g  sozusagen 
n u r v o n  d e r finanzie llen  L age a b h ä n g t. E in en  w eite ren  F o r ts c h r i t t  in  der 
B eh an d lu n g  der ch ro n isch en  N ie ren k ran k en  w ü rd e  die erfo lgreiche Lösung 
der m it den  P ro b lem en  d er N ie re n tra n sp la n ta tio n  v e rb u n d e n e n  P rob lem e 
b ed eu ten . M it d er ch ron ischen  H äm od ia lyse  u n d  d er N ie re n tra n sp la n ta tio n  
w ollen w ir uns h ie r n ic h t befassen  u n d  m ö c h te n  n u r  die v o ran g eh en d en  
B eh an d lu n g sp ro b lem e  e rö rte rn .

T ro tz  ih re r v ersch ied en en  Ä tio logie s te h e n  im  E n d s ta d iu m  säm tlich e r 
ch ro n isch er N ie ren e rk ran k u n g en  die w o h lb ek an n ten  u räm isch en  S ym p to m e 
im  V o rd e rg ru n d ; so sind  in  einem  Teil d e r u räm isch en  F ä lle  die B eh an d lu n g s
m ö g lichkeiten  w esen tlich  b e sc h rä n k t. A n u n se re r  K lin ik  w u rd e  bei diesen 
K ra n k e n  die k o m p lex -an tiu räm isch e  B eh an d lu n g  — u n a b h ä n g ig  von  der 
Ä tio logie des P rozesses — m it M an n itv e rab fo lg u n g  e rg än z t.

B ei e iner G ru p p e  u n se re r  K ra n k e n  m it ch ro n isch er U räm ie  (R N -W ert: 
8 0 — 120 m g% ) b ew irk ten  s tren g e  D iä t, g este ig e rte  F lü ss ig k e itszu fu h r (In fu -
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sió n ) u n d  B e ttru h e  im  a llg em ein en  b in n en  14 —18 T agen  d ie  N o rm alis ie ru n g  
des R es ts tick s to ffw erte s , w ä h re n d  be i d er a n d e ren  G ru p p e  m itte ls  d e r  e rw äh n 
te n  T h e ra p ie  w eder d ie  V e rm in d e ru n g  des R es ts tick s to ffw erte s  n och  die 
B e sse ru n g  des A llg em ein zu stan d es zu  erzielen w ar. I n  d iesen  F ä llen  w u rd e  als 
E rg ä n z u n g  der k o m p le x -a n tiu rä m isc h en  T h e ra p ie  (re ich liche F lü ss ig k e its 
z u fu h r , In fusionen , an ab o les  H o rm o n , V itam in e , N -a rm e  D iä t, N o rm alis ie ru n g  
des E lek tro ly tg le ich g ew ich ts) d ie  M an n itv e rab fo lg u n g  e rp ro b t. D a  d e r W ir
k u n g sm ech an ism u s des M a n n its  w o h lb ek an n t is t [2, 7, 10, 12], w ollen  w ir a u f 
d iese  F ra g e  in  vo rlieg en d er A rb e it  n ic h t e ingehen. D ie  zah lre ich en  E in w e n d u n 
g en  im  Z u sam m enhang  m it u n se re n  an fän g lich en  E rg eb n issen  [1, 11] v eran - 
la ß te n  u n s  zur e rn eu ten  E rö r te ru n g  un se re r bei e inem  g roßzah ligen  M ateria l 
g ew o n n en en  E rfah ru n g en .

N a c h  einer d er E in w e n d u n g e n  k a n n  d u rc h  M an n itv e rab fo lg u n g  das 
L e b e n  d e r  an  ch ron ischer U rä m ie  L e idenden  n ic h t v e rlä n g e rt w erd en . D iese 
F e s ts te l lu n g  ist v o llkom m en  s tic h h a ltig , a lle rd ings n u r  in  F ä llen , in  denen 
b e re i ts  ke ine  fu n k tio n ie ren d e  N ie ren su b stan z  v o rh a n d e n  is t. In  d iesen  F ällen  
h a b e n  w ir  die M a n n itb e h a n d lu n g  au ch  n iem als em pfoh len . I n  F ä llen  dagegen , 
in  d e n e n  ein Teil des N ie re n p a ren c h y m s noch  fu n k tio n ie r t, v e rm ag  d as  M ann it 
d u rc h  osm otische D iu rese  d e n  R e s ts tic k s to ffw e rt h e rab zu se tzen , d. h . die 
B e sse ru n g  der U räm ie bzw . des A llgem einzustandes zu r Folge h ab en . D ie B es
se ru n g  h ä l t  in  diesen F ä lle n  so lan g e  an , b is w egen  e iner e rn e u te n  A ufflacke- 
ru n g  (F ie b e r , k ö rperliche  A n s tre n g u n g , schw erer D iä tfeh le r) d er P ro zeß  a b e r
m a ls  p ro g red ie rt.

U m  das G esagte zu  u n te r s tü tz e n  wollen w ir e inen  un se re r F ä lle  d a rs te llen :
D e r  72jährige P a t ie n t  w u rd e  w egen p e rin ea le r  U rin in f iltra tio n  in  f ieb ri

gem , h in fä lligen , u räm isch en  Z u s ta n d  au fgenom m en . A u fn ah m eb e fu n d : R e s t
s tic k s to ffw e r t 140 m g % , D iu re se  400m l/T ag , spezifisches G ew icht 1009, S e—К
5,6 m Ä q/1, N a 138 mÄq/1, CI 97 m Ä q/1. D er Z u s ta n d  w urde  d u rch  eine infolge 
d e r  H a rn rö h re n s tr ik tu r  e n ts ta n d e n e  perin ea le  P h leg m o n e  v e ru rsa c h t. T ro tz  
e ines D a u e rk a th e te rs  u n d  E rh ö h u n g  d er zu g e fü h rten  F lü ssig k e itsm en g e  
(2500 — 3000 m l/Tag) b lieb  d ie  2 4 -S tu n d en  H a rn m en g e  im  w esen tlich en  u n v e r
ä n d e r t  (500—600 m l). A u f W irk u n g  d er n a c h  3 T ag en  beg o n n en en  M an n it
b e h a n d lu n g  (2 X 50 g) b e tru g  d ie  D iurese  b e re its  in  den  e rs ten  24 S tu n d en  
1500 m l, sodann  nach  E rh ö h u n g  d er zu g efü h rten  F lü ssig k e itsm en g e  2500 — 3000 
m l/T a g  (spezifisches G ew ich t 1006). 5 T age s p ä te r  n o rm a lis ie rte  sich  d e r R est- 
s tic k s to ffw e r t (38 m g % ), d a  s ich  jed o ch  H y p o k a liäm ie  (3,3 mÄq/1) en tw ick e lte , 
w u rd e n  täg lich  3 x 1  g K C l v e ra b re ic h t. N ach  4 T ag en  b eg an n  die B esserung  
des A llg em einzustandes u n d  a llm äh lich  gew an n  P a t ie n t  a u f  W irk u n g  der 
v e ra b re ic h te n  R o b o ran z ien  a u c h  seine K o n d itio n  zu rü ck . N ach  1 M o n a t w urde  
P a t i e n t  m it einem  D a u e rk a th e te r  in  b e fried igendem  Z u s ta n d  en tla ssen . U nse
res E ra c h te n s  bew eist d e r d a rg e s te llte  F a ll e in d eu tig  die gün stig e  W irk u n g  
des M a n n its .
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S e lb s tv e rs tän d lich  k a n n  v o n  der M an n itb e lian d lu n g  n ich t in  säm tlichen  
F ä llen  ein günstiges E rg eb n is  e rw a rte t w erden . Ä h n lich , wie die A n tib io tik a  
n ic h t u n b ed in g t je d e n  sep tisch en  P rozeß  h e ilen , is t  in  gew issen F ä llen  auch  
das M annit w irkungslos, dies b e d e u te t je d o c h  n ic h t, d aß  a u f  die M annit- 
b eh an d lu n g  in  E rfo lg  v e rsp rech en d en  F ä llen  v e rz ic h te t  w erden  soll.

E ine  w eitere  E in w en d u n g  la u te te , d aß  das M an n it eine a k u te  K re is
lau finsuffiz ienz, g en au e r L ungenödem  v e ru rsa c h t. A uch  diese B e h a u p tu n g  is t 
w ah rh e itsg em äß , falls in  dem  gegebenen F a ll ke in e  bzw . eine hochgrad ig  
v e rk le in e rte  F iltra tio n s f lä c h e  v o rzu fin d en  is t. I n  diesen F ä llen  k o m m t die 
osm otische W irk u n g  des M an n its  — da das M itte l n ic h t m it dem  H a rn  au s
geschieden  w ird  — in tra v a s a l z u r G eltung  u n d  das H erz  k a n n  d en  K re is lau f 
w egen d er w esen tlichen  E rh ö h u n g  der z irk u lie ren d en  P lasm am en g e  n ich t 
au fre c h te rh a lte n .

D ie M an n itb eh an d lu n g  w u rd e  an  u n se re r  K lin ik  b ish e r bei 140 ch ro n i
schen  N ie ren k ran k en  a n g ew an d t, eine K re is lau fin su ffiz ien z  k a m  jed o ch  in 
keinem  F a ll z u s tan d e . E s sei allerd ings b e to n t, d aß  d u rch  s tren g e  B each tu n g  
d e r V orsch riften  (die B eh an d lu n g  is t m it e iner T estd o sis  zu  beg innen  u n d  d a rf  
n u r  im  F alle  e iner e n tsp rech en d en  A n tw o rt, d. h . S te igerung  d er D iurese 
n e b s t g leichzeitiger, dem  F lüssigke itsg le ichgew ich t e n tsp re c h e n d er F lüssig 
k e itszu fu h r sowie V erab fo lgung  k re is la u fa k tiv e r  M itte l fo r tg e se tz t w erden) 
d ie  G efahr d ieser K o m p lik a tio n  v e rh ü te t w erd en  k an n .

A nschließend  w äre  es n och  zu e rw äh n en , d aß  d u rch  en tsp rech en d e  
In fu s io n  bzw. T ran sfu sio n  d er E n ts te h u n g  d e r K re is lau fin su ffiz ien z  in  den 
e rw äh n ten  F ä llen  v o rg eb eu g t w erden  k an n .

D ie O p p o n en ten  d er M an n itb eh an d lu n g  h a b e n  au ch  d a ra u f  hingew iesen, 
d aß  das M itte l die E n tw ic k lu n g  einer h y d ro p isch en  T u b u lu sd eg en e ra tio n  zur 
F o lge hab en  k an n . N ach  d er A nsich t der P a th o lo g e n  is t die m a n n itb e d in g te  
re ich liche D iurese se lb st in  d e r G egenw art e iner h y d ro p isch en  T u b u lu sd eg en e
ra tio n  — die fü r  eine rev ersib le  V erän d eru n g  zu  b e tra c h te n  is t — v o rzu fin d en . 
Bei unserem  K ra n k e n m a te ria l  lagen  die k lin isch en  S y m p to m e d ieser V er
än d e ru n g en  in  ke in em  d er F ä lle  vor. In  u n se ren  T ie rex p e rim en ten , in  denen  
bei m it m ehrfachen  m ensch lichen  M ann itdosen  b e h a n d e lte n  K an in ch en  die 
ev en tu e lle  E n ts te h u n g  d e r hyd ro p isch en  D eg en e ra tio n  u n te rsu c h t w u rd e  — 
k o n n te  diese V erän d eru n g  n u r  a u f  einem  k le in en  N ieren g eb ie t bzw . ve re in ze lt 
b e o b a c h te t w erden . A n h an d  des h isto log ischen  B ildes, d er ex p erim en te llen  
E rfa h ru n g e n  u n d  d e r bei k lin ischem  M ateria l w ah rg en o m m en en  D iu reseste i
g erung  k an n  d em n ach  b e h a u p te t  w erden , d aß  d e r  P rozeß  auch  k lin isch  fü r 
reversibe l zu b e tra c h te n  is t, zum al la u t ein iger L ite ra tu ra n g a b e n  [6, 8, 14] fü r 
die E n ts te h u n g  d e r V e rän d e ru n g  n ich t das M an n it so n d ern  die v o rü b e r
gehende N ebenw irkung  ein iger h y p ero sm o tisch en  A n elek tro ly tlö su n g en  v e r
a n tw o rtlic h  ist.
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D ie  E rö rte ru n g  d e r e rw ä h n te n  E in w en d u n g en  sowie u n se re r  d iesbezüg li
ch en  G eg en arg u m en te  h ie lte n  w ir im  In te re sse  d er F e s ts te llu n g  des n o tw e n d i
gen  M itte lw egs fü r  w ich tig . J e d e  ex trem e  A n sch au u n g  — g leichw ohl ob 
p e ss im is tisc h  oder o p tim is tisc h  — k a n n  n äm lich  schäd liche  F o lg en  h ab en , 
w ä h re n d  die en tsp rech en d e  A n w en d u n g  des M annits  u n te r  U m stä n d e n  die 
H e ilu n g  d e r  K ran k en  e rm ö g lich t.

A n  u nserer K lin ik  w u rd e  die M an n itb eh an d lu n g  (1 — 8 T age h in d u rch  
10 — 2 0 % ig e  M ann itlö sung : T agesdosis  40 — 150 g) bei 140 P a t ie n te n  m it 
h e ra b g e se tz te r  N ie ren fu n k tio n  an g ew an d t. In  93 %  der F ä lle  b e w irk te  das 
M a n n it — bei e n tsp rech en d er F lü ss ig k e itszu fu h r — den A nstieg  d er D iurese, 
w ä h re n d  eine V erm in d eru n g  des R ests tick s to ffw erte s  n u r  in  7 1%  d e r  Fälle  
zu  b e o b a c h te n  w ar. In  16%  d e r  F ä lle  — v o rn eh m lich  bei P a tie n te n  m it Z y s te n 
n ie re  bzw . fo rtg e sc h ritte n e r, schw erer ch ro n isch er P y e lo n e p h ritis  — v e r
m in d e r te  sich tro tz  d e r g e s te ig e rte n  D iurese (2000 — 2500 m l/T ag ; spezifisches 
G ew ich t 1010) der R e s ts tic k s to ffw e rt n ich t. F a lls  a u f  die M an n itb e h a n d lu n g  
k e in e  D iu reseste igerung  u n d  R e s ts tic k s to ffv e rm in d e ru n g  fo lg ten , w u rd e  die 
V e ra b re ich u n g  des M itte ls n a c h  3 4 T agen e ingeste llt. D ie so rg fä ltige  K o n tro l-
lie ru n g  des F lüssigkeits- u n d  E le k tro ly th a u sh a lte s  is t ab e r au ch  im  F alle  
e in e r en tsp rech en d en  D iu reses te ig e ru n g  u n d  d a rau ffo lg en d er R ests tick s to ff-  
V e rm in d e ru n g  unerläß lich , d a  eine reich liche D iurese  b in n en  k u rz e r  Z e it zur 
D e h y d ra tio n  bzw. zu E le k tro ly td e f iz it  fü h ren  k an n .

I n  den  le tz ten  J a h re n  v e rfü g en  w ir b e re its  ü b e r genügende E rfa h ru n g e n , 
u m  d a s  M an n it in e n tsp re c h e n d en  F ä llen  bzw . a n h a n d  der rich tig en  In d ik a tio n  
a n w e n d e n  zu können u n d  d a d u rc h  die R eh an d lu n g  der ch ron isch  u räm isch en  
K ra n k e n  zu  erle ich tern .

B ei den  an ch ron ischer U räm ie  le idenden  K ra n k e n , bei denen  a n h a n d  der 
e in g e h e n d e n  urologischen U n te rsu c h u n g  eine O p e ra tio n  in d iz ie rt w u rd e , k o n n te  
d e r  E in g r if f  ohne v o ra n g e h e n d e  H äm o d ia ly se  d u rc h g e fü h rt w erden . D ie E n t 
w ic k lu n g  d er urologischen C h iru rg ie  erm öglich te  an d erse its  au ch  d ie  D u rc h 
fü h ru n g  v o n  O pera tionen , d ie  frü h e r  w egen d er schw er g esch äd ig ten  N ieren 
fu n k tio n  n ich t fü r ra ts a m  sch ien en . D a die F lü ss ig k e itsau fn ah m e 8 12 S tu n 
d en  v o r  d e r  A nästhesie  b e s c h rä n k t w ird , s ind  die v o r  der O p e ra tio n  s teh en d en  
P a t ie n te n  s te ts  d eh y d rie rt. B e k a n n tlic h  k o m m t es bei in  N ark o se  d u rc h 
g e fü h r te n  E ingriffen  — te ils  w egen  d er d ire k te n  W irk u n g  des N a rk o sem itte ls , 
te ils  w eg en  des p o s to p e ra tiv e n  E rb rech en s  — se lb st bei P e rso n en  m it in ta k te r  
N ie re n fu n k tio n  zu b e d e u te n d e r  V erm in d eru n g  d er D iurese. D ie A n ästh esie  
u n d  d e r  ch irurg ische E in g r if f  fü h re n  au ß erd em  besonders bei P a tie n te n  m it 
v e rm in d e r te r  N ie ren fu n k tio n  — wie das ebenfalls w o h lb e k a n n t is t  zu r 
a k u te n  V erm inderung  d e r N ie re n fu n k tio n , m it einer a n n ä h e rn d  50% igen  
A b n a h m e  d er N ie re n d u rc h b lu tu n g  u n d  G lo m eru la rfiltra tio n .

W ir  w an d ten  die p rä o p e ra tiv e  M an n itb eh an d lu n g  bei 60 u ro log ischen  
P a t ie n te n  an , bei denen  die N ie ren fu n k tio n  en tw ed er be re its  v e rm in d e r t  w ar
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Tabelle I

Verteilung der Fälle

Eingriff

W irkung der M annitverabfolgung

verbessert unverändert verschlechtert

präventiv
therapeu

tisch präventiv
therapeu

tisch p räv en tiv
therapeu

tisch

P ro s ta tek to m ie 3 8 _ _ _ 1
N ephro litho tom ie 6 20 1 — — 3
E in g riff  an  E inzelniere 3 1 — — — 1
u CoFFEYsche O peration 3 1 — — — -

,5 U re teroku taneostom ie — 1 — 1 — —
•3 b£ Pyelum plastik - 2 — 1 — —
£ W Sonstige E ingriffe 1 1 1 — 1 —

Insgesam t 16 34 2 2 1 5

oder bei denen m it d er p o s to p e ra tiv e n  V ersch lech teru n g  d e rse lb en  gerechnet 
w erd en  k o n n te  (T abelle I).

D ie E in fü h ru n g  d e r m it M ann it e rg än z ten  k o m p lex -an tiu räm isch en  
B eh an d lu n g  bzw. die g u te n  R e su lta te  d e r u n te r  M an n it-S ch u tz  d u rch g e fü h r
te n  O pera tionen  v e ra n la ß te n  u ns zu r Ü b e rp rü fu n g  d er F ra g e  d e r  renalen  
K o n tra in d ik a tio n  in Z u sam m en h an g  m it ein igen uro logischen  E in g riffen .

Seit E in fü h ru n g  d e r  M an n itb eh an d lu n g  w urde  bei 12 azo täm ischen  
P a tie n te n  m it e in g esch rän k te r  N ie ren fu n k tio n  die P ro s ta te k to m ie  d u rch 
g e fü h rt. D ie p rä o p e ra tiv e n  L ab o ra to riu m sb e fu n d e  (endogene K rea tin in - 
C learance 15 - 35 m l/m in , V erd ü n n u n g sv ersu ch  1008, K o n z e n tra tio n sv e r
such  1011, H a rn au ssch e id u n g  in  4 S tu n d e n  250 — 350 ml) w iesen  a u f  infolge 
d e r chronischen  H a rn re te n tio n  e n ts ta n d e n e  schw ere g lo m e ru lo -tu b u lä re  Schä
d ig u n g  hin.

In  9 der 12 F älle  w u rd e  das M an n it th e ra p e u tisc h  u n d  in  3 p ro p h y la k 
tisc h  ang ew an d t. In  A n b e tra c h t, daß  d ie M annit-V erabfo lgung  e in en  b e trä c h t
lichen  A nstieg  der D iu rese  (1500 -2500 m l/T ag) zu r Folge h a t t e ,  w a r  in  der 
p o s to p e ra tiv e n  P h ase  k eine  b each ten sw erte  E rh ö h u n g  des R e s ts tic k s to ff
w ertes  vo rzu finden . D ie so rg fä ltige  K o n tro llie ru n g  des E le k tro ly t-  u n d  W asser
h a u sh a lts  tru g  dazu  bei, d aß  die N ie ren fu n k tio n  d er P a t ie n te n  im  Gleich
g ew ich t blieb. Falls in  d e r p o s to p e ra tiv e n  P h ase  irgendeine  K o m p lik a tio n  
(F ieb er, P y e lo n ep h ritis  usw .) a u f tr a t ,  w u rd e  zw ecks V o rbeugung  e in e r  U räm ie 
die K o m p lex b eh an d lu n g  se lb s tv e rs tän d lich  aberm als v e ro rd n e t.

Bei 35 u räm isch en  S te in k ra n k e n  erw ies sich eine O p e ra tio n  fü r  erfo rder
lich. D ie m it M annit e rg än z te  k o m p lex -an tiu räm isch e  T h e ra p ie  b ew irk te  die 
N orm alisie rung  des R ests tick s to ffw erte s  u n d  s icherte  das G le ichgew ich t der
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N ie re n fu n k tio n  in der p o s to p e ra t iv e n  Phase. A n g esich ts  d er T a tsach e , d aß  
a n lä ß lic h  d er S te in e n tfe rn u n g  die chirurgische M a n ip u la tio n  ein o h n eh in  
lä d ie r te s  uropoetisches S y s te m  b e tr if f t , und es in fo lge  d e r O p e ra tio n sb e las tu n g  
u n te r  U m stä n d e n  zur w e ite re n  V ersch lech terung  d e r  N ie ren fu n k tio n  bzw . 
m a n c h m a l zu r E n tw ick lu n g  e in e r  eventuell ir re v e rs ib le n  U räm ie  k o m m t, is t 
d ie  g ü n s tig e  W irkung des M a n n its  in diesen F ä lle n  besonders augen fä llig .

V o n  besonderer B e d e u tu n g  is t  das G esagte b e i P a tie n te n  m it E inzeln iere . 
W ir w a n d te n  die k o m p lex e  B eh an d lu n g  in sg esam t b e i 5 u räm isch en  S te in 
k ra n k e n  m it E inzelniere u n d  fo rtg e sch ritten e r P y e lo n e p h ritis  sowie h y d ro - 
n e p h ro tis c h e r  N ieren läsion  a n . D ie  m it M annit e rg ä n z te  k om plexe  B eh a n d lu n g  
e rm ö g lic h te  in  säm tlichen  F ä l le n  die D u rch fü h ru n g  d e r  g ep lan ten  O p e ra tio n  
u n d  a u c h  die p o sto p e ra tiv e  K u n s tn ie re n b e h a n d lu n g  e rü b rig te  sich. Im  Z u sam 
m e n h a n g  m it diesen F ä lle n  w o llen  w ir d a ra u f h in w e isen , d aß  bei den uro logi- 
sc h e n  O p era tio n en  die e n tsp re c h e n d e  bzw. die o sm o tisc h  g este igerte  D iu rese  
n ic h t  n u r  zwecks E n tg if tu n g  des O rganism us v o n  B e d e u tu n g  is t. D ie d u rch  
M an n it-V erab fo lg u n g  a u f  e in e  Tagesm enge v o n  15 0 0 —2000 m l g este ig erte  
D iu re se  erm öglich t n e b s t p o s to p e ra tiv e r  A n w e n d u n g  eines N ierenbecken -, 
U re te r -  bzw . B la se n k a th e te rs  die fa s t v o llk o m m en e  V erw irk lichung  des 
»geschlossenen  D ra in ag e« -P rin z ip s . Es e rü b rig t s ich  also  die E in sp ritz u n g  d er 
S p ü lflü ss ig k e it, ein V e rfa h re n , d as  häufig eine In fe k tio n  d er H arn w eg e  zu r 
F o lg e  h a t .

B e k a n n tlic h  s te ig e rt e in e  s ta rk  v e rm in d erte  H a rn m e n g e  die G efah r d er 
a sz e n d ie ren d e n  In fek tio n . D ie  »innere D urchspü lung«  fö rd e r t die E n tle e ru n g  
d e r S ta u u n g  v e ru rsach en d en  E lem en te  (K o ag u la , G ew eb sd e tritu s , z u rü c k 
g e b lie b e n e  K onkrem en te), w o d u rc h  auch die a k u te  A u fflack eru n g  d er b e re its  
b e s te h e n d e n  P y e lo n ep h ritis  v e rh in d e r t  w erden k a n n . D ies is t b esonders in  
d e n  U re te ro s ig m o id eo sto m ie -F ä llen  von B ed eu tu n g . D ie  fo lgenden  A b b ild u n 
g en  v e ran sch au lich en  ein ige  c h a ra k te ris tisch e n  D a te n  u n se re r u n te r  M an n it- 
S c h u tz  o p erie rten  K ra n k e n .
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A bb. 1 e n th ä l t  die A lte rsv e rte ilu n g  u n se re r  F älle ; au ffa llen d erw eise  h a n 
d e lte  es sich in  d e r  M ehrzahl um  P a tie n te n  ü b e r  60 Ja h re , bei d en en  w egen der 
a lte rsb ed in g ten  k a rd ia le n  V erän d eru n g en  d ie  K u n s tn ie re n b e h a n d lu n g  n ich t 
anzuw enden  is t (A bb . 1).

Zahl der 
Patienten

Abb. 2. G esam tm enge  v o n  M annit

der
i'enten

R N r~ i unter 40 mq%
ГТ71 zwischen 40-80  mg%  

zwischen 80~ 160mg%

Abb. 3. R e s ts tic k s to ffw e rte

In  A bb. 2 sin d  die den  o p erie rten  P a tie n te n  v e rab fo lg ten  M an n itd o sen  
d a rg es te llt. W ie e rs ich tlich , w urde  in  d e r M ehrzah l der F älle  4 T ag e  h in d u rc h  
tä g lic h  50 g M a n n it (insgesam t 200 g) v e ra b re ic h t. In  einigen k o m p lik a tio n s 
fre ien  F ä llen  w u rd e  das M annit län g er als 10 T age (G esam dosis ü b e r  500 g) 
v e rab fo lg t (A bb. 2).

A bb. 3 v e ra n sc h a u lich t die G e s ta ltu n g  d er p rä- u n d  p o s to p e ra tiv e n  
R es ts tick s to ffw erte . V or der O p era tio n  ließ en  sich in 15 F ä llen  W e r te  u n te r  
40 m g % , in  30 zw ischen  40 — 80 m g %  re g is tr ie re n , w ährend  in  15 F ä llen  der 
R e s ts tic k s to ffw e rt zw ischen 80 u n d  160 m g %  schw ank te . N ach  d e r O p e ra tio n  
b e tru g  der R e s ts tic k s to ffw e rt in  50 F ä llen  w en iger als 40 m g % , in  6 F ällen
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Abb. 4. R e s ts tic k s to ffw e rte  w äh ren d  d e r  B eh an d lu n g

Abb. 5. H a rn m en g e  n a c h  p rä v en tiv e r  M an n itb e h an d lu n g

Abb. 6. H arn m en g e  n a c h  th e ra p eu tisc h e r M an n itb eh an d lu n g
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d u rc h sc h n ittlic h  60 m g %  (40 80 m g % ) u n d  n u r  in 4 F ällen  80 — 160 m g %
(A bb . 3).

In  A bb. 4 is t  die G esta ltu n g  d e r R ests tic k s to ffw e rte  im  L aufe  d e r B e h a n d 
lu n g  ersich tlich . D ie  u n te re  bzw . obere  g estrich e lte  L inie zeig t die be i u n se ren  
P a tie n te n  m it d e r  b esten  bzw . sch lech te s ten  N ieren fu n k tio n  e rm itte l te n  R est-

gestorben

Abb. 7. E rg eb n isse

s tick s to ffw erte  in  d er F u n k tio n  d e r Z eit. D ie m ittle re  fo rtla u fe n d e  L in ie  v e r
an sc h a u lic h t d en  D u rc h sc h n ittsw e rt u n se re r  60 P a tie n te n  (A bb. 4).

In  A bb. 5 is t  die G e s ta ltu n g  d e r D iu rese  un se re r p rä v e n tiv  m it M an n it 
b e h a n d e lte n  P a tie n te n  d a rg es te llt. D ie u n te re  bzw . obere g e s tr ic h e lte  L inie 
ze ig t die Ä n d eru n g en  d er täg lich en  H a rn m en g e  d er K ran k en  m it d e r  sch lech 
te s te n  bzw . b e s te n  N ie ren fu n k tio n , w äh ren d  die fo rtlau fen d e  L in ie  d ie  D u rc h 
sc h n ittsw e rte  u n se re r  60 K ra n k e n  d e m o n s tr ie r t. D ie K u rv en  zeigen  d e u tlic h , 
d aß  sich die D iu rese  tro tz  d er M an n it-V erab fo lgung  n ach  der O p e ra tio n  v o r
ü b erg eh en d  v e rm in d e rte  u n d  n u r  n a c h h e r  w ieder anstieg . Bei den  P a tie n te n  
m it sch lech ter N ie ren fu n k tio n  k a n n  diese v o rü b erg eh en d e  V e rm in d e ru n g  
au ch  3 — 4 T age la n g  a n h a lte n  (A bb. 5).

A bb. 6 ze ig t die G es ta ltu n g  d er D iu rese  n ach  th e ra p e u tis c h e r  M an n it- 
b eh an d lu n g . W ie ersich tlich , is t die 2 4 -S tu n d en -H arn m en g e  n a c h  M an n it- 
V erabfo lgung  e rh ö h t, p o s to p e ra tiv  dagegen  v e rm in d e rt. Bei o ligu rischen  K ra n 
ken is t die H a rn au ssch e id u n g  län g ere  Z eit h in d u rc h  v e rm in d e rt (A bb . 6).

A bb. 7 d e m o n s tr ie r t das S ch icksal u n se re r  60 P a tie n te n , bei d en en  die 
O p e ra tio n  u n te r  M an n it-S ch u tz  d u rc h g e fü h rt w urde. 50 K ra n k e n  h e ilte n , 
d e r  Z u s ta n d  v o n  4 P a tie n te n  b lieb  u n v e rä n d e r t  u n d  6 s ta rb e n  (A bb . 7).

D ie a n g e fü h rte n  A ngaben  sp rech en  e in d eu tig  d afü r, daß  bei e in er w e se n t
lichen  P ro zen tzah l d e r u n te r  M an n it-S ch u tz  o p erie rten  F älle  die D iu rese  nach
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v o rü b e rg e h e n d e r V e rm in d e ru n g  anste ig t u n d  d e r  R es ts tick s to ffw ert sich  n ach  
v o rü b e rg e h e n d e r E rh ö h u n g  n o rm alisie rt bzw . in  b ed eu ten d em  M aße v e r 
m in d e r t .  A n h an d  d iese r F es ts te llu n g en  k a n n  b e h a u p te t  w erden , daß  d ie M an- 
n itb e h a n d lu n g  be i a zo tä m isc h e n  P a tie n te n  m it  sch lech te r N ie ren fu n k tio n  
sow ohl in  der p rä- als a u c h  in  der p o s to p e ra tiv e n  P eriode  u n b ed in g t b e rech 
t ig t  is t.
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ÜBER DIE WIRKUNG DER INTRAVENÖSEN 
TRI JODIERTEN GALLENKONTRASTMITTEL 

AUF DAS KARDIORESPIRATORISCHE SYSTEM
Von

L . S z la v y  und P . L e n g y e l

RADIOLOGISCHE K L IN IK  (D IR E K T O R : P R O F . D R . Z. ZSEBÖ K ) D ER  M ED IZ IN ISC H E N  U N IV ER SITÄ T.
BU DA PEST

(E in g eg an g en  am  25. N o v em b er 1966)

A nläß lich  d e r U n te rsu ch u n g  de r a u f  d as k a rd io re sp ira to risc h e  S y s tem  ausge
ü b te n  W irkung  d e r G a lle n k o n tra s tm itte l  vom  A dip iodon  u n d  D ig ly k o lsäu re  T yp 
k o n n te  folgendes fe s tg e s te llt  w erden :

Die Schw ere d e r S y m p to m e  w ird  du rch  R ich tu n g  u n d  Stelle  d e r  In jiz ie ru n g  sowie 
D osierung bzw . die chem ische S tru k tu r  der an g ew an d ten  V e rb in d u n g en  b eein fluß t. 
D as k a rd io re sp ira to risch e  S y stem  w ird  am  b e d eu ten d s te n  d u rc h  d ie  A dipiodon-M g- 
-V erb indungen  b e la s te t .  D as ledig lich  in  F o rm  v o n  A dipiodon in  d en  H a n d e l gelangende 
D e riv a t v e ru rsac h t w esen tlich  geringere  B lu td ru c k - u n d  A te m v e rän d e ru n g en . Die In 
an sp ru ch n ah m e des k a rd io re sp ira to risc h en  S y stem s is t  bei A n w en d u n g  d e r  D iglykol- 
säu red e riv a te  am  g e rin g sten .

Am  Z u stan d e k o m m e n  der e lek tro k a rd io g rap h isch en  V e rä n d e ru n g e n  sind  die 
Dosis des z u g e fü h rten  K o n tra s tm it te ls  u n d  d ie In jiz ie ru n g ss te lle  en tsch e id en d . D er 
P a th o m ech an ism u s d e r B lu td ru c k v e rm in d e ru n g  is t  d em  des B e z o l d —jARlsCHschen 
R eflex  ähnlich . D as v o r  de r U n te rsu ch u n g  v e rab fo lg te  A tro p in  t r ä g t  z u r  V orbeugung  
bzw . A bw ehr d e r A tem - u n d  E K G -V erän d eru n g en  bei. D ie Dosis d e r  g eg en w ärtig  ge
b räu ch lichen  G a lle n k o n tra s tm itte l  b e trä g t, 1,0 —1,3 m l/kg  K ö rp e rg ew ich t. In  der 
P ra x is  hab en  sich  d ie D ig lyko lsäu re  u n d  ledig lich  A dip iodon  e n th a lte n d e n  V e rb in d u n 
gen am  besten  b e w äh rt.

Im  Z u sam m en h an g  m it d er i. v . C ho lang io -C ho lezystog raph ie  m elden 
sich  zuw eilen B eg le itsy m p to m e  bzw. K o m p lik a tio n en . M it d e r  Z u n ah m e der 
m it K o n tra s tm itte ln  d u rc h g e fü h rte n  G allen w eg su n te rsu ch u n g en  e rh ö h te  sich 
die H äu fig k e it der K o m p lik a tio n en .

O bw ohl la u t  s ta tis tis c h e n  A ngaben  die p rim ä re  M o r ta li tä t  d e r  obigen 
U n te rsu ch u n g sm e th o d e  n ied rig  is t, e rg ib t sich die F rag e , ob es b e re c h tig t sei, 
d ie  P a tie n te n  e iner d iag n o stisch en  U n te rsu ch u n g  zu u n te rw e rfe n , die zu 
— u n te r  U m stän d en  tö d lic h e n  — K o m p lik a tio n en  fü h ren  k a n n . D er R adio loge 
k a n n  die V e ra n tw o rtu n g  fü r  die U n te rsu ch u n g  n u r  in  dem  F a ll tra g e n , w enn 
er säm tlich e  E ig en sch a ften  des K o n tra s tm itte ls  (W irk u n g sm ech an ism u s, E n t-  
s teh u n g s- bzw. V orbeugung sm ö g lich k e iten  d er B eg le itsy m p to m e  u n d  K o m p li
k a tio n en ) genau k e n n t.

D ie bei A nw endung  d e r in trav en ö sen  G a lle n k o n tra s tm itte l en ts teh en d en  
B eg leiterscheinungen  bzw . K o m p lik a tio n en  b e tre ffen  in  d er M eh rzah l d er Fälle  
das k a rd io re sp ira to risch e  S ystem .

V or der e in gehenden  A nalyse  d er d u rch  die G a lle n k o n tra s tm itte l  au s
gelösten  u n erw ü n sch ten  E rsch e in u n g en , w ollen w ir die w esen tlich e ren  E ta p p e n  
des p h arm ak o ch em isch en  F o rschungsprozesses — dessen E n d re s u l ta t  die
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g e g e n w ä rtig  geb räu ch lich en , tr i jo d ie r te n  G a lle n k o n tra s tm itte l  sind  — d a r
leg en .

D ie  von  A b e l  u n d  R o w n t r e e  [1] 1909 v e rö ffen tlich te  B eo b ach tu n g , 
n a c h  d e r  das T e tra c h lo rp h en o lp h th a le in  d u rch  d ie  L eb e r ausgesch ieden  w ird , 
b r a c h te  G raham  [2] a u f  d en  G ed an k en , die e rw ä h n te  V erb in d u n g  zu r rad io lo 
g isc h e n  D arste llu n g  d er G a llen b la se  anzuw enden . D ie n eu e  V erb in d u n g  T e tra 
jo d p h e n o lp h th a le in  e n ts ta n d  d u rc h  die E rse tz u n g  des w en iger s tra h le n a b so r
b ie re n d e n  Chlors m it Jo d . D iese  V erb indung  w a r  be i d e r U n te rsu c h u n g  der 
G a lle n b la se  u n d  des G allenw egssystem s länger als 20  J a h r e  das allein  g e b räu ch 
lich e  M itte l, das jedoch  w eg en  se in er schäd lichen  N eb en w irk u n g en  — M agen
re iz u n g  bzw . L eberschaden  — k e in e  w e itv e rb re ite te  A n w en d u n g  fan d .

Z s e b ő k  u n d  M ita rb . [3 ,  4 ,  5] haben  d a ra u f  h ingew iesen , d aß  die i. v.  
A n w e n d u n g  des N a-Salzes v o n  T e tra jo d p h e n o lp h th a le in  in  einem  Teil der 
F ä lle  d ie  F u n k tio n  der L eb e rze llen  h em m t. D ie in  d iesen  F ä llen  b e o b a c h tb a re  
u n z u lä n g lic h e  G a llen b lasen fü llu n g  k an n  m it d e r d u rc h  die n eu rogene  L eb er
ze llb lo c k a d e  v e ru rsach te  S tö ru n g  d er L eb e rfu n k tio n  e rk lä r t  w erden . D ie i. v. 
I n j iz ie ru n g  des T e tra jo d p h e n o lp h th a le in -N a  f ü h r t  zuw eilen  einen  Schock 
h e rb e i. D ie  b eo b ach te te  B lu td ru c k se n k u n g  is t d e r  b e i V aguserregung  Vor
g e fu n d e n e n  ähnlich .

A ll dies v e ra n la ß te  d ie  P h a rm ak o ch em ik e r z u r  H e rs te llu n g  eines 
n e u e n  G a lle n k o n tra s tm itte ls , das keine u n e rw ü n sc h te  N eb en w irk u n g  
v e ru r s a c h t .

B ei d er U n te rsu ch u n g  d es  zw ischen der M o le k u la rs tru k tu r  u n d  des chole- 
z y s to g ra p h isc h e n  E ffek ts  b e s te h e n d e n  Z u sam m en h an g es w u rd e  fe s tg es te llt, 
d a ß  d ie  ren a le  bzw. h e p a tis c h e  A usscheidung  gew isserm aßen  von  d er L änge 
d e r  S e ite n k e tte  abh än g ig  is t .  Im  K en n tn is  d ieser A n g ab e  w u rd e  die H e r
s te l lu n g  eines, fo lgenden A n fo rd e ru n g en  e n tsp rech en d en  G a lle n k o n tra s tm itte ls  
a n g e s tr e b t :

1. E s soll über einen h o h e n  Jo d g eh a lt v e rfü g en ;
2 .  es soll du rch  die L e b e r  ausgeschieden  w erd en  (im In te re sse  dieser 

V o rb e d in g u n g  w urde in  d a s  M olekül eine lip o p h ile  G ru p p e  v o n  m ittle re r  
G rö ß e  e in g eb au t);

3 . es soll aus dem  D a rm  g u t reso rb ie rt w erd en  (en tsp rech en d es G leich
g e w ic h t zw ischen der h y d ro p h ile n  u n d  lipoph ilen  G ru p p e).

Z w ecks V erw irk lichung  d ie se r  A n fo rderungen  w u rd e n  die tr ijo d ie r te n  
G a lle n k o n tra s tm itte l  s y n th e t is ie r t ;  bei ih re r  H e rs te llu n g  s tü tz te n  sich die 
C h e m ik e r  a u f  die v o ra n g e h e n d e n  g u te n  E rfa h ru n g e n  u n d  h ie lten  sich au ß erd em  
d ie  G ru n d th e se  vor A ugen , n a c h  der die M o le k u la rs tru k tu r  eines gewissen 
P r ä p a r a t s  die F u n k tio n  d e r  V erw endungsw eise  is t.

U m  die A usscheidung d u rc h  die L eber zu s ich e rn , w u rd e  in  das M olekül 
e ine  lip o p h ile  G ruppe v o n  en tsp re c h e n d e r L änge  e in g eb au t. D ie G röße der 
lip o p h ile n  G ruppe v erm ag  d ie  cho lezy sto g rap h isch e  A k tiv i tä t  zu  beein flussen .
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D em en tsp rech en d  w elche S u b stan z  in  d ie R -G ru p p e  der G ru n d fo rm el e in 
g e b a u t w u rd e , ließen  sich fo lgende A k tiv itä tssc h w a n k u n g e n  b e o b a c h te n :

R A ktiv itä t

H 56
M ethyl 120
Ä thy l 144
Propyl 116
B uty l 16

C H , -  CH COOH

J J
I  I I  N H ,V

A m  au sg ep räg te s ten  w ar die ch o lezy sto g rap h isch e  A k tiv i tä t  je n e r  V er
b in d u n g e n , in  die eine Ä th y l-G ru p p e  e in g e b a u t w urde . Bei M e th y l-u n d  P ro p y l- 
S e ite n k e tte n  ließen  sich geringere A k tiv itä ts w e r te  v erze ichnen ; S e ite n k e tte n  
aus H- bzw . B u ty l- oder an d eren  V erb in d u n g en  m it einer höh eren  C -A tom zah l 
e rg ab en  eine v e rh ä ltn ism ä ß ig  n iedrige A k tiv i tä t .

D ie in  d er täg lich en  P rax is  a n g e w a n d te n , in trav en ö sen  tr i jo d ie r te n  
G a lle n k o n tra s tm itte l k ö nnen  vom  chem ischen  S ta n d p u n k t aus in zw ei G ru p 
pen  g e te ilt w erden :

I. Adipiodon-Gruppe 

In n e rh a lb  derselben  u n te rsc h e id e t m an :
a)  V erb indungen  A dip iodon-T yps (N ,N -ad ip y l-b is-am in o -2 ,4 ,6  tr ijo d - 

benzoesäu re) und
b) M eth y lg lu k am in -A d ip io d o n -D eriv a te  (N ,N -ad ipy l-b is) 3 am ino-2 ,4 ,6  

trijo d b en zo esäu re ). M ethy lg lu k am in -S a lz : 4 9 ,8 % .

I I .  Diglykolsäure-Gruppe

D ig lyko lsäure  bis (3 carboxy-2 ,3 ,6  tr ijo d a n ilid ) .
M it den n ach  d er E in sp ritz u n g  g ese tzm äß ig  a u ftre te n d en  B eg le ite rsch e i

n u n g en  h ab en  sich zah lre iche  M itte ilungen  b e fa ß t.
M it H ilfe des von  Z s eb ő k  und  M ita rb . [5] au fgeste llten  S chem as, das 

die d er k lin ischen  A nw endung  v o ran g eh en d e  eingehende A nalyse d e r  G allen 
k o n tra s tm it te l  e rm ö g lich t, k an n  das im  gegebenen  F all g ee ig n e ts te  M itte l 
au sg ew äh lt w erden . In  diesem  Sinne se tz te n  w ir unsere  E x p e rim e n te  in  G ang, 
w obei fo lgende F rag en  g este llt w u rd en :
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1. H a t  die E in sp r itz u n g  des K o n tra s tm it te ls  au s  versch ied en en  R ic h 
tu n g e n  — v o n  der Y. fem o ra lis  bzw . У. ju g u la r is  e x te rn a  h e r — a u f  d ie F u n k 
tio n  des k a rd io re sp ira to risch e n  S ystem s eine u n te rsch ied lich e  W irk u n g , bzw . 
lä ß t  s ic h  zw ischen d e r S chw ere  d er S y m p to m e ein  U n te rsch ied  fe s ts te lle n ?

2. V erm ag  das in  R ic h tu n g  des A tem - u n d  Y aso m o to rzen tru m s in jiz ie r te  
K o n tr a s tm i t te l  die A tm u n g , den  B lu td ru c k  b zw . das E le k tro k a rd io g ram m  
des V ersu ch stie res  zu b ee in flu ssen ?

3. W elche V e rän d e ru n g en  v e ru rsach en  die u n te r  iden tisch en  B e d in g u n 
gen  z u g e fü h rte n  K o n tro llö su n g e n  (frisches, h e p a rin ie r te s  B lu t, physio log ische 
K o ch sa lz lö su n g ) sowie D ex tro se lö  sung, deren  M o lek u la rk o n zen tra tio n  d e r  der 
G a lle n k o n tra s tm itte l  e n ts p r ic h t, im  k a rd io re sp ira to r isch e n  S y stem  d e r V er
su c h s tie re  ?

4 . W ieviel m l/kg w erd en  v o n  den einzelnen  G a lle n k o n tra s tm itte ln  n ach  
in tra v e n ö s e r  Z ufuh r to le r ie r t , bzw . k an n  die E n ts te h u n g  d er bei Ü b e rsc h re itu n g  
d iese r D osis b e o b a c h tb a ren  S y m p to m e v e rh in d e r t  w erd en ?

5. B e s te h t zw ischen d e n  b e o b a c h te ten  S y m p to m e n  und  d er ch em isch en  
S t r u k tu r  d e r an g ew an d ten  G a lle n k o n tra s tm itte l ein  Z u sam m en h an g ?

M ethodik

D ie  U n te rsu ch u n g e n  w u rd e n  be i 37, 20 — 25 kg  w ieg en d en  H u n d e n  beiderle i G esch lech ts 
in  B a rb itu ra tn a rk o s e )  0,05 — 0,08 g /k g  K ö rp erg ew ich t) v o rg en o m m en . D ie in tra v e n ö se  In ji-  
z ie ru n g  e rfo lg te  d u rch  e inen  in  d ie  V. ju g u la ris  e x te rn a  bzw . Y . fem ora lis  f ix ie r ten  K a th e te r .

D a s  K o n tra s tm it te l  w u rd e  in  R ich tu n g  des V aso m o to r-  bzw . A tem zen tru m s d u rc h  d ie
A. v e r te b ra l is  e in g esp ritz t. D ie o b e rfläch lich en  u n d  tie fen  H a lsm u sk e ln  w u rd en  fre ig e leg t, 
u n te r b u n d e n  u n d  d u rc h g e tre n n t. V o r D u rc h tre n n u n g  d e r tie fen  H alsm u sk e ln  w u rd e  d e r  z e r 
v ik a le  O so p h a g u sa b sc h n itt  re se z ie r t  u n d  in  die T rac h ea  e ine  K a n ü le  fix ie rt. Zw ecks R e g is tr ie 
ru n g  d e r  A te m v e rä n d e ru n g e n  w u rd e  a n  die K a n ü le  m it  H ilfe  eines G u m m isch lauches eine 
MAREYsche T ro m m el m o n tie r t. S ch ließ lich  w urde de r W irb e lk a n a l in  der H öhe  des IV . H a ls 
w irb e ls  e rö ffn e t u n d  in  die A. v e r te b ra l is  ein P o ly ä th y le n k a th e te r  e ingeführt.

D ie  R eg is trie ru n g  des B lu td ru c k s  (a rte rie llen  M itte ld ru ck s ) erfolgte a u f  b lu tig e m  W eg 
in  d e r  A . fem o ra lis  bzw. A. c a ro tis . D as E K G  w urde m it e in em  S iem ens-C ard iom at bzw . z u sam 
m en  m i t  d e r  Fem oralis- bzw . R a d ia lis k u rv e  m it H ilfe  eines d irek tsch re ib en d en  A p p a ra ts  (H e i
lige) re g is tr ie r t .

U m  d ie  m ax im al to le r ie r te  bzw . töd lich e  D osis/kg  K ö rp e rg ew ic h t fe sts te llen  zu  k ö n n en , 
w u rd e n  d ie  versch ied en en  G a lle n k o n tra s tm itte l  d u rc h  d ie V . fem o ra lis  in  M engen v o n  0,8 m l/kg  
K ö rp e rg e w ic h t bis 2 m l/kg  in , m it  0,2 m l zun eh m en d en  D osen in jiz ie rt.

Z w eck s E n tsch e id u n g  d e r F ra g e , w elche R olle  beim  E n ts te h e n  der b e o b ac h te ten  S y m p to 
m e d e r  V ag u s-R e iz  sp ie lt, w u rd e  b e i e in igen V ersu ch stie ren  n o ch  v o r de r U n te rsu ch u n g  de r 
N . v a g u s  in  de r H öhe des V . H a lsw irb e ls  d u rc h tre n n t  bzw . d e n  T ie ren  i. v . A tro p in  in jiz ie rt.

Z u r  E rp ro b u n g  k a m e n  fo lg en d e  K o n tro llö su n g en  bzw . G a lle n k o n tra s tm itte l:
F r isc h e s , h ep arin ie rte s  B lu t
P hy sio lo g isch e  K och sa lz lö su n g
2 0 % ig e  D extroselösung
A .  : A dipiodon
B .  : A d ip io d o n -M eth y lg lu k am in  (M G) 30%
C . : A d ip io d o n -M eth y lg lu k am in  30%
D .  : D ig lykolsäure
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T abelle  I

Untersuchungsm aterialien

Kontrollöeung bzw. 
G allenkontraetm ittel

Menge der Kontrollöeung 
bzw. des Gallenkontrast* 

m ittele (ml/kg)

rung (V. femoralis In traarterielle  In-
bzw. V. jugularie jizicrung (A. ver-

externa) tebrulis)

Frisches, h ep arin ie rtes  B lu t 1,0 0,1
Physiologische K ochsalzlösung 1,0 0,1

20% ige D extroselösung 1,0 0,1
A -K o n tra s tm itte l 1,0 0,1

B -K o n tra s tm itte l 1,0 0,1
C -K o n trastm itte l 1,0 0,1
D -K o n tra s tm itte l 1,0 0,1

E rgebnisse

I . V. in jiz ie rte s , frisches, h ep a rin ie rte s  B lu t u n d  physio log ische  K ochsalz
lösung  h a tte n  n u r  geringe B lu td ru c k -  u n d  A tem v e rä n d e ru n g e n  z u r  Folge

D ie In jiz ie ru n g  v o n  2 0 % ig er D ex trose lösung  d u rc h  d ie V. fem oralis 
v e ru rsa c h te  eine 7 — 8 S ek u n d en  lan g  d au ern d e  B lu td ru c k a b n a h m e  v o n  etw a 
10 — 12 m m H g. D ie in  die V. ju g u la r is  e x te rn a  e in g esp ritz te  2 0 % ig e  D ex tro se 
lö su n g  v e ru rsa c h te  eine u m  20 m m H g größere B lu td ru c k v e rm in d e ru n g . 
W äh ren d  des B lu td ru c k a b fa lls  w a r eine m äßige V erm in d eru n g  d e r A tem am p li
tu d e  zu b eo b ach ten . E K G -V erän d eru n g en  tr a te n  in  k e inem  d e r F älle  in 
E rsche inung .

D ie an läß lich  d e r In jiz ie ru n g  der, lediglich in  F o rm  v o n  A dip iodon  in  
d en  H an d el g e b rach ten  K o n tra s tm it te l  d u rch  die V. fem oralis b eo b a c h te ten  
E rsch e in u n g en  v e ra n sc h a u lich t A bb . 1.

D ie In jiz ie ru n g  des obigen K o n tra s tm itte ls  in  die V. ju g u la r is  ex te rn a  
b ew irk te  led ig lich  geringe A tem - u n d  B lu td ru c k v e rä n d e ru n g e n , w ä h re n d  das 
E K G  a u f  g e s tö rte  R e izb ild u n g  wies.

Im  F alle  d e r p e rip h e re n  (V. fem oralis) In jiz ie ru n g  d e r A dipiodon-M G - 
V erb in d u n g en  k am  es zu  e iner b e d e u ten d e ren  B lu td ru c k a b n a h m e  als hei 
d e r A d ip iodon-G ruppe  u n d  au ch  die A tem v erän d e ru n g  sch ien  a u sg ep räg te r  
zu  sein.

D ie p e rip h ere  u n d  z e n tra le  E in sp ritz u n g  d ieser V e rb in d u n g e n  h a tte  
k e ine  n en n en sw erten  V erän d eru n g en  zu r Folge; das d u rc h  d ie V. ju g u la ris  
e x te rn a  zu g efü h rtc  G a lle n k o n tra s tm itte l v e ru rsa c h te  eine 2 — 3 M in u ten  lang  
d a u e rn d e  B igem inie.
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D ie un te rsch ied liche  Z u fu h r  (von der Y. ju g u la r is  e x te rn a  bzw . У. fem o
ra lis  h er) der D ig lyko lsäu re-Y erb in d u n g en  b e e in f lu ß te  die G es ta ltu n g  der 
k o n tra s tm itte lb e d in g te n  V erä n d e ru n g en  n ich t.

N ach  In jiz ie ru n g  v o n  D ig ly k o lsäu re  d u rch  die V. ju g u la r is  e x te rn a  w ar 
im  E K G  eine 2 3 M in u te n  la n g  b estehende E x tra s y s to lie  zu  b eo b ach ten .

A.femoralis

EKG-I.

EKG-l

EKG-Ш.

A b b . 1 . A u f  W irkung  von  A d ip io d o n  en ts ta n d en e  B lu td ru c k - , A tem - u n d  E K G -V erän d eru n g en

W äh ren d  die a u f W irk u n g  d e r i. v. In jiz ie ru n g  v o n  A dip iodon  u n d  D igly- 
k o lsä u re -G a lle n k o n tra s tm itte ln  en ts teh en d e  B lu td ru c k a b n a h m e  m itte ls  V ago
to m ie  bzw . vor der U n te rs u c h u n g  verab fo lg ten  A tro p in s  n ic h t abzuw ehren  
w a r , k o n n te  das Z u s ta n d e k o m m e n  der A tem - bzw . E K G -V erän d eru n g en  m it 
H ilfe  d e r  obigen E ing riffe  in  säm tlich en  F ä llen  v e rh in d e r t  w erden .

D ie  in  zen tra le r R ic h tu n g  e in g esp ritz ten  K o n tro llö su n g en  (physiologische 
K o ch sa lz lö sung , frisches, h e p a rin ie r te s  B lu t) v e ru rsa c h te n  bei den  V ersuchs
t ie re n  k eine  b ea c h tu n g sw e rten  k a rd io re sp ira to risch en  V erän d eru n g en . A u f W ir- 
k u n g  20% iger D ex tro se lö su n g  erfo lg te ein v o rü b e rg e h e n d e r B lu td ru ck ab fa ll 
v o n  ein igen  m m H g, d e r A te m c h a ra k te r  blieb je d o c h  u n v e rä n d e r t .
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D ie G a lle n k o n tra s tm itte l  A d ip iod o n -T y p s bew irk ten  iin F a lle  in t r a 
a rte rie lle r  Z u fu h r e ine u m  10 12 m m H g  g erin g ere  B lu td ru c k v e rm in d e ru n g
als nach  in tra v e n ö se r  In jiz ie ru n g .

EKG-III.

EKG-III.

Abb. 2. A uf W irk u n g  v o n  A dipiodon-M G  e n ts ta n d e n e  k a rd io resp ira to risch e  V e rän d e ru n g e n : 
a )  V or der In jiz ie ru n g : N o rm alk u rv e , b) W ä h re n d  de r B lu td ru ck sen k u n g : B igem in ie .
c) 30 S ekunden  n ach  d e r  In jiz ie ru n g : stellenw eise b e o b a c h tb a re  v en trik u lä re  E x tra sy s to le . 

d )  2 M inu ten  n ach  der In jiz ie ru n g : N o rm alkurve

D as A dip iodon-M G  v eru rsach te  eine 7 — 12 S ekunden  lan g  a n h a lte n d e  
A tem pause . D as k e in  M G en th a lten d e  D e r iv a t  b ee in flu ß te  den A te m rh y th m u s  
n ich t. N ach  In jiz ie ru n g  d er D ig ly k o lsäu rev erb in d u n g en  m elde te  sich  eine 

ohne A te m v e rä n d e ru n g  einhergehende vo rübergehende  geringe  B lu t
d ru ck v e rm in d e ru n g .
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V o r d er In jiz ie ru n g  d u rch g e fü h rte  V ag o to m ie  bzw. A tro p in g a b e  v e r 
h in d e r te n  die E n ts te h u n g  d e r  B lu td ru ck - u n d  A tem v erän d eru n g en . D ie E K G - 
K u rv e  v e rä n d e rte  sich  w ed e r v o r noch  n a c h  d e r  V agotom ie.

T a b . I I  v e ra n sc h a u lich t die D osen d e r ob igen  K o n tra s tm itte l, d ie  H u n d e n  
d u rc h  d ie  V. fem oralis ris ik o fre i zu g efü h rt w e rd e n  können.

F a lls  größere D osen  (B : 1,3 m l/kg, A , C, D : 1,6 m l/kg K ö rp e rg ew ich t)  
d e r  G a lle n k o n tra s tm itte l i. v . (V. fem oralis) in jiz ie r t  w erden, b e s te h e n  die

A b b . 3. E K G -V erän d eru n g en  n a c h  E in sp ritz u n g  v o n  A dip iodon-M G  durch  d ie Y . ju g u la r is  
e x te r n a ,  a )  v o r und  u n m it te lb a r  n a ch  der In jiz ie ru n g : N o rm a lk u rv e , sodann B igem in ie . b) 
2 M in u te n  n a ch  der In jiz ie ru n g : B igem inie, c) 3 M in u ten  n a c h  de r In jiz ierung : N o rm a lk u rv e

S y m p to m e  fü r eine b e d e u te n d  längere  Z e it (besonders au sg ep räg t s in d  die 
A te m v e rä n d e ru n g  u n d  d ie  B lu td ru c k se n k u n g ). A u f dem  E K G  lä ß t  s ich  in  
s ä m tlic h e n  F ällen  eine R e izb ild u n g ss tö ru n g  e rk en n en . D ie a n g e fü h rte n  S y m 
p to m e  k ö n n en  m it N o ra d re n a lin  bzw. 1 -p ip e rid in o -m eth y lc ic lo h ex an o n  (Spi- 
r a c t in )  abgew ehrt w erd en . D u rch  v o ra n g e h e n d e  A tro p in v erab fo lg u n g  w ird  
d ie  E n ts te h u n g  der A tem - u n d  E K G -V erän d eru n g en  v erh in d ert.

Tabelle II

Kontrastm itteldosen bei H u n d en

K ontrastm ittel
K ontrastm itteldosen 
(ml/kg) (V. femo

ralis)

A -K o n tra s tm itte l 1,2— 1,4 !

B -K o n tra s tm itte l 0 ,7— 1,1 !

C -K o n tra s tm itte l 0 ,9— 1,2 ml

D -K o n tra s tm itte l 1,2— 1,4
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D ie in tra v e n ö se  (У. fem oralis) In jiz ie ru n g  von  1,8—2,0 m l/kg  K ö rp e r
gew ich t G a lle n k o n tra s tm itte l fü h rte  zum  V erenden  d er V ersu ch stie re , in  diesen 
F ä llen  erw ies sich  die beschriebene T h e ra p ie  fü r  w irkungslos. D ie G es ta ltu n g  
des B lu td ru c k s  u n d  des E K G  v e ra n sc h a u lich t A bb. 5.

EKG -II.

A.radlalis

A.femomlis

EKG-I.

EKG-II.

EKG-Ill.

Abb. 4. A u f W irk u n g  von  D ig lykolsäure  e n ts te h e n d e  E K G -, A tem - u n d  B lu td ru c k v e rä n 
d eru n g en

B esprechung

D ie tie rex p e rim en te llen  E rgebn isse  k ö n n en  se lb s tv e rs tä n d lic h  n ic h t  ohne 
w eite res  a u f  den  M enschen ü b e rtra g e n  w erden , da  die E m p fin d lic h k e it der 
v e rsch ied en en  R ezep to ren  hei M ensch  u n d  T ier n ic h t v o llkom m en  id en tisch  
is t. A ngesich ts  d er w o h lb ek an n ten  E m p fin d lic h k e it d e r H u n d e  den  tr i jo d ie r te n  
K o n tra s tm it te ln  g eg en ü b er d ü rf te n  je d o c h  die, an läß lich  d ieser V ersuche e rm it
te l te n  A n g ab en  ohne V o rb eh a lt in  das K lin ik u m  ü b ern o m m en  w erd en  k ö n n en .
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D ie  in tra v e n ö se  u n d  in tra a r te r ie lle  In jiz ie ru n g  d er an g ew an d ten  K o n tro l-  
lö su n g en  (physio logische K o ch sa lz lö sung , frisches u n d  h ep a rin ie rte s  B lu t)  
v e ru rs a c h te  keine n en n en sw erten  k a rd io re sp ira to risch e n  V erän d eru n g en .

20 40 en ЯП 100 120 MO 160 160 2 0 0  2 2 0  240sec

Abb. 5. A u f  W irk u n g  e in e r tö d lich en  G a lle n k o n tra s tm itte ld o s is  en ts te h en d e  B lu td ru c k -  u n d  
E K G -V erä n d eru n g e n . a )  V or der In jiz ie ru n g : N o rm a lk u rv e , b) 25 S eku n d en  n ach  de r In jiz ie 
ru n g : a tr io v e n tr ik u lä re r  B lock, c)  70 S ek u n d en  n a c h  de r In jiz ie ru n g : a u f  dem  p o s te ro la te ra le n  
G eb iet in fa rk tä h n lic h e s  B ild , d)  120 S ek u n d en  n a c h  de r In jiz ie ru n g : K am m erw ellen , V o rh o f 

K am m e r-D isso z ia tio n , e)  240 S ek u n d en  n a ch  de r E in sp ritz u n g : K a m m e rfib rilla tio n

D ie a u f  W irk u n g  der D ex tro se lö su n g  d e ren  M o la rk o n zen tra tio n  d er 
d er G a lle n k o n tra s tm itte l  e n tsp ra c h  — e n ts te h e n d e n  V erän d eru n g en  w aren  
von  äh n lich em  C h a ra k te r , je d o c h  v o n  g erin g erer In te n s i tä t ,  als die n ach  d er 
In jiz ie ru n g  der d u rc h  die L eb er ausgesch iedenen  K o n tra s tm it te l  b e o b a c h te ten  
A b w eichungen .

D ie  Schw ere d er d u rch  die G a lle n k o n tra s tm itte l ausgelösten  S y m p to m e 
w ird  d u rc h  die R ic h tu n g  d er In jiz ie ru n g  u n d  die chem ische  S tru k tu r  (K a tio n 
v e rb in d u n g )  d er a n g ew an d ten  V erb in d u n g  b ee in flu ß t.

D ie  b e d e u te n d s te n  B lu td ru c k -  u n d  A te m v erän d e ru n g en  w aren  — im  
F a lle  in tra v e n ö se r  Z u fu h r (V. fem oralis) v o n  id e n tisc h e r R ich tu n g  — bei den  
A d ip io d o n -M G -D eriv a ten  (B- und  C -K o n tra s tm itte l)  zu b eo b ach ten . N ach  
A d ip io d o n -E in sp ritz u n g  (A -G a lle n k o n tra s tm itte l)  w ar die In a n sp ru c h n a h m e
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des k a rd io re sp ira to risch en  System s w esen tlich  geringer. U n te r d en  g e b rä u c h 
lichen  K o n tra s tm it te ln  v e ru rsa c h te  das D ig ly k o lsäu re -D eriv a t (D -G allen- 
k o n tra s tm itte l)  die geringste  B e las tu n g  des k a rd io re sp ira to risch en  S ystem s.

A nläß lich  d er In jiz ie ru n g  der G a lle n k o n tra s tm itte l du rch  d ie  V. ju g u la r is  
e x te rn a  w aren  auch  bezüglich  der I n te n s i tä t  ähn liche  V erän d eru n g en  (B lu t
d ru ck , A tem ) zu b eo b ach ten . N ach  E in sp r itz u n g  d u rch  die V. ju g u la r is  e x te rn a  
in  H e rzn äh e  w aren  a u f  dem  E K G  in  sä m tlic h e n  F ällen  a u f R e izb ild u n g s
s tö ru n g  w eisende Zeichen (E x tra sy s to lie , B igem in ie , Trigem inie) v o rz u fin d e n , 
w äh ren d  die Z u fu h r du rch  die V. fem oralis v o m  H erzen  e n tfe rn t led ig lich  bei 
A n w endung  der, aussch ließ lich  A dip iodon-M G  en th a lten d en  D e r iv a te  eine 
E x tra sy s to lie  zu r Folge h a tte .

N ach  in tra a r te r ie lle r  In jiz ie ru n g  (A. v e rte b ra lis )  ließ sich in  b ezug  au f 
die S chw ere d er S y m p to m e eine ähn lich e  R eihenfo lge  festste llen : B lu td ru c k 
sen k u n g  u n d  A tem  V eränderung  w aren  g e rin g er als nach  i. v. V erab fo lg u n g , 
a u f  dem  E K G  k o n n te n  jed o ch  keine Z eichen  e in er R e izb ild u n g sstö ru n g  n a c h 
gew iesen w erden .

M itte ls  v o r der U n te rsu ch u n g  d u rc h g e fü h rte r  V agotom ie bzw . i. v. 
v e rab fo lg ten  A tro p in s  k ö n n en  die A tem - u n d  E K G -V erän d eru n g en  sow ohl 
hei i. v . als au ch  bei i. a. In jiz ie ru n g  a b g e w e h rt w erden. W ä h re n d  d ie  sich 
zu r i. a. E in sp ritz u n g  gesellende B lu td ru c k v e rm in d e ru n g  m it H ilfe  d e r  obigen 
E ing riffe  ebenfalls v e rh in d e rt w erden  k a n n , beeinflussen  diese M aß n ah m en  
die n ach  i. v . Z u fu h r a u f tre te n d e  B lu td ru c k se n k u n g  nich t.

D ie Schw ere der R e izb ild u n g ss tö ru n g  is t  m it der K o n z e n tra tio n  des 
K o n tra s tm it te ls  im  rech ten  V orhof u n d  m it d e r  p ro  kg K ö rp e rg ew ich t in ji
z ie rten  M enge desselben p ro p o rtio n a l. D a m it  k a n n  auch die E rsc h e in u n g  
e rk lä r t  w erd en , d aß  die d u rch  die V. fem o ra lis  (vom  H erzen  e n tfe rn t)  in ji
z ie rten  K o n tra s tm it te l ,  m it A u sn ah m e d e r  A d ip iodon-M G -D erivate , keine 
E K G -V erän d eru n g en  v e ru rsa c h te n , w ä h re n d  die E in sp ritzu n g  d e rse lb en  V er
b in d u n g en  d u rch  die V. ju g u la ris  e x te rn a  gese tzm äß ig  R eizb ild u n g sstö ru n g en  
zu r F o lge h a tte n .

D ie die B lu td ru c k se n k u n g  auslösende  R e a k tio n  kann  la u t Z s e b ő ií  und  
M ita rb . [5] d a m it e rk lä r t w erden , d aß  das V aso m o to rzen tru m  n ic h t n u r  u n m it
te lb a r  d u rch  den  B lu ts tro m , sondern  au ch  d u rc h  die viszeralen  u n d  a ffe ren ten  
F ase rn  zu  beeinflussen  is t, u n d  der a u f  diese W eise ausgelöste R e flex  (z. B . die 
B lu td ru c k v e rm in d e ru n g ), d er G röße des d e r  R eflexw irkung  au sg ese tz ten  
G ebiets en tsp rech en d , m eh r oder m in d e r in te n s iv  sein kan n . A n h a n d  d ieser 
A uffassung  g e lan g ten  w ir zu r F o lg eru n g , d a ß  jen en  Reiz, d e r  eine dem  
B e z o l d  — jA R is c ii -R e f le x  ähn liche  B lu td ru c k v e rm in d e ru n g  zu r F o lg e  h a t ,  die 
a ffe ren ten  F ase rn  d er in  den  großen  B lu tg e fä ß e n  befind lichen  chem osensib len  
R ezep to ren  ü b e rm itte ln . D iese A n n ah m e w ird  au ch  von dem  U m s ta n d  u n te r 
s tü tz t ,  d aß  m itte ls  In jiz ie ru n g  h y p e rto n isc h e r  L ösungen  du rch  den  dep ressiv en  
R eflexbogen  eine ähn liche  B lu td ru c k v e rm in d e ru n g  h e rb e izu fü h ren  is t, falls
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d ie  a n g e w a n d te n  L ösungen  von  derselben  M o la rk o n zen tra tio n  s ind  w ie die 
G a lle n k o n tra s tm itte l .

D ie  ohne das g e rin g ste  R isiko  in jiz ie rb a reD o s is  d er gegenw ärtig  g e b rä u c h 
lich en  G a lle n k o n tra s tm itte l  vom  A dip iodon  u n d  D ig lyko lsäure  T y p  b e tr ä g t
1,0 — 1,3 m l/k g  K ö rp e rg ew ich t. D ie g rö ß te n  D o sen  (m l/kg K ö rp e rg ew ich t)  
k ö n n e n  v o n  den  G a lle n k o n tra s tm itte ln  A- u n d  B -T yps zu g efü h rt w erd en , 
d a  d iese  V e rb in d u n g en  die g erin g sten  R e a k tio n e n  v eru rsachen .

W e rd e n  die a n g e fü h rte n  d u rc h sc h n ittlic h e n  D osen  um  15 — 17 %  ü b e r 
s c h r i t te n ,  so s ind  d ie  S y m p to m e (B lu td ru ck - u n d  A tem v erän d eru n g ) w e se n t
lich  a u sg e p rä g te r . In  d iesen  F ä llen  t r i t t  n a c h  d e r  In jiz ie ru n g  eines je d e n  
K o n tra s tm it te ls  eine R e izb ild u n g sstö ru n g  in  E rsch e in u n g . D urch  1 -p iperid ino - 
m e th y lc ic lo h e x a n o n  (S p irac tin ) bzw . N o ra d re n a lin -G ab e  können  d ie  B lu t
d ru ck - u n d  A te m v e rä n d e ru n g e n  behoben  w e rd e n , das v o r der U n te rsu c h u n g  
v e ra b fo lg te  A tro p in  v e rm ag  die E n ts te h u n g  d e r  A tem - und  E K G -V erän d e- 
ru n g e n  a u c h  in  d iesen  F ä llen  zu v e rh in d ern .

D ie  Ü b erd o sie ru n g  d er G a lle n k o n tra s tm itte l h a t  bei den V ersu ch stie ren  
B lu td ru c k a b n a h m c , D y sp n o e  u n d  A pnoe z u r  F olge. D ie au f dem  E K G  re g is tr ie r 
b a re n  E rsc h e in u n g e n  — a tr io v e n tr ik u lä re  L e itu n g ss tö ru n g  m it z u n e h m e n d e r 
H y p o x ie  u n d  sch ließ lich  K a m m e rfib rilla tio n  — v eru rsach en  das E in g eh en  
d e r  V ersu ch stie re . I n  d iesen  F ällen  is t die oben  beschriebene T h e ra p ie  v o ll
k o m m en  w irkungslos.

A n h a n d  u n se re r  E rgebn isse  h a lte n  w ir es fü r  zw eckm äßig, d a ß  den 
P a t ie n te n  v o r d e r i. v . Z u fu h r d er G a lle n k o n tra s tm itte l  A tro p in  v e ra b fo lg t 
w erd e  (0,5 m g i. v . oder i. m .), da sich d iese P rä m e d ik a tio n  zur V o rb eu g u n g  
d e r A tem - u n d  E K G -V erän d eru n g en  eignet.

D ie  P rä m e d ik a tio n  d e r B lu td ru c k v e rm in d e ru n g  k an n  n u r  a n h a n d  w ei
te re r  U n te rsu c h u n g e n  g e k lä r t bzw. fe s tg e s te llt w erd en .
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SOME PROBLEMS
OF THE ADULT FANCONI-SYNDROME

(D E  T O N I-D E B R É -F A N C O N I SY N D R O M E )

Ry

F . K e r t é s z

HUNGARIAN ARMY M ED ICAL CORPS 

(R eceived D ecem ber 8, 1966)

O b se rv a tio n  o f osteoporom alac ia  an d  o f re n a l g lycosuria  in  a 63-year-o ld  w om an  
has led to  in v e s tig a tio n s  for o th e r signs o f th e  FANCONl-syndrome, w hich  re su lte d  in  
th e  find ing  o f c y s tin u ria  com bined w ith  n o rm a l p h o sp h a tu r ia , increased  p h o sp h o ru s 
c learance a n d  re d u ce d  tu b u la r  p h o sp h a te  re a b so rp tio n . Q uestions o f s te ro id  ex cre tio n , 
cy stin u ria , a n d  som e d iagnostic  issues h av e  b e en  d iscussed . T he p re se n t o b se rv a tio n  
seem ed to  be o f  in te re s t ,  since ad ren o co rtica l a c t iv ity  an d  ex cre tio n  o f s te ro id s in  A FS 
are poorly  d o c u m e n ted  in  th e  l ite ra tu re . T h o u g h  in  th e  p re sen t case th e  a d u lt  F a n c o n i- 
syndrom e w as in  all p ro b a b ility  th e  consequence o f  ch ron ic  p y e lo n ep h ritis , n evertheless 
th e  po ss ib ility  o f h e re d ita ry  facto rs could n o t be ru le d  out.

T h e  a d u l t  D e  T oN i-D E B R É -F A N C O N i-syndrom e, i.e . th e  a s so c ia tio n  o f 
g lu c o se -am in o  a c id - p h o s p h a te  d ia b e te s  w ith  b o n e  a t r o p h y  is a  r a r e  c o n d itio n . 
L i te ra tu r e  c o n ta in s  60 c a se s , th o u g h  th e  l is t  m a y  b e  in c o m p le te . T h is  f ig u re  
h a s  b e e n  d e r iv e d  f ro m  t h e  re fe ren c es  l is te d  b y  K u h l e n c o r d t  [1 ], V a r e s e  e t  
a l. [2 ], a n d  W e t z e l s  e t  a l. [3] a n d  fro m  th e  p a p e r s  [4] to  [13] o f  th e  p re s e n t  
re fe re n c e s . N o n e  o f  th e s e  p a p e rs  a re  f ro m  H u n g a r ia n  a u th o rs .

T h e  f i r s t  p r o v e n  c a se  o f  a d u l t  F A N C O N l-syndrom e (A FS) w a s  su p p o se d ly  
t h a t  r e p o r te d  b y  S t o w e r s  a n d  D e n t  in  1947 [14]. T h e  r e p o r ts  o n  a d u l t  o s te o 
m a la c ia  b a c k  to  1930 w e re  s u b m it te d  to  c r i t ic a l  a n a ly s is  b y  W a l l is  a n d  E n g l e  
in  1957 [15], a n d  b y  K u h l e n c o r d t  in  1958 [1]. F ro m  th is  r e tro s p e c t iv e  s tu d y  
th e  d ia g n o sis  o f  A F S  c le a r ly  em erg ed  in  18 in s ta n c e s  th o u g h  so m e  o f  th e  cases 
h a d  b ee n  in te r p r e te d  o th e rw ise  b y  th e  o r ig in a l a u th o rs .

T he m ain  fe a tu re s  o f  A FS are  as fo llow s:
(1) b o n e  a t r o p h y  d u e  in  th e  m a jo r i ty  o f  ca se s  to  o s te o m a la c ia , r a r e ly  

to  o s te o p o ro s is  [48 , 8 , 11, 1 ], o s te o p o ro m a la c ia  o r  o s te o d y s tro p h y ;
(2) ren a l g ly co su ria ;
(3) in c re a s e d  a m in o -a c id u r ia .
As a d d itio n a l fe a tu re s , h y p e rp h o sp h a tu r ia , h y p o p h o sp h a taem ia , hypo- 

p o tassaem ia , ac idosis, h y p o u ricaem ia , n e p h ro lith ia s is , an d  nephrocalc inosis m ay  
occur. A h e re d ita ry  c h a ra c te r  or m ore prec ise ly , a fam ilia l occurrence, w as n o ted  
in  6 cases of A F S  [10, 14, 16 to  19]. A p e rm a n e n t d is tu rb a n c e  of cy stin e  m e ta b 
olism w as n o t d e m o n s tra b le  in  adu lts.

T he p a th o g en esis  o f A FS is genera lly  a sc rib ed  to  p rim ary  or secondary  
d am age to  th e  p ro x im a l tu b u le s  of th e  k id n e y . C erta in  au th o rs  [8, 19 to  23]
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p o in t  t o  t h e  possib le  ro le  o f  m a la b s o rp t io n  o f  c a lc iu m , p h o s p h a te s ,  a n d  a m in o  
a c id s .  T h e  p r im a ry  ca u se s  o f  FA N C O N i-syndrom e in c lu d e  m u lt ip le  m y e lo m a , 
W il s o n ’s d isease , h e p a tic  c ir rh o s is  o r  c a rc in o m a , p o iso n in g  b y  h e a v y  m e ta ls  
o r  b y  c a d m iu m , th e r a p e u t i c  u s e  o f  d e g ra d e d  te tr a c y c l in e  [4 to  7 ], n e p h ro s is  
a n d  g lu c o g e n o s is  [1, 3 , 15, 2 4 , 4 4 ] .

I t  is  n o t  on ly  th e  r a r i t y  o f  th e  sy n d ro m e  w h ic h  h a s  p r o m p te d  u s  to  
d is c u s s  t h e  case to  b e  r e p o r te d ,  h u t  also  c e r ta in  d ia g n o s tic  a s p e c ts  a s  w ell 
as  th e o r e t i c a l  issues, p a r t i c u la r ly  t h a t  o f  c y s t in u r ia ,  ra is e d  b y  th e  f in d in g s  o f  
u r in a r y  s te ro id  a n d  a m in o  a c id  e x c re tio n .

Case rep o rt

T h e  63-year-o ld  fem ale p a t i e n t  w as a d m itte d  in  N o v em b er, 1965, fo r low  b a c k  p a in  
fro m  w h ic h  she had  been  su ffering  fo r  m ore  th a n  30 y ears. In  1926 and  1927 she h a d  b een  in  
h o sp ita l  fo r  n ep h ritis , and in  1952 fo r p y e litis . All over these  y ears he r pa in s a tt r ib u te d  to  o s teo 
p o ro sis  h a d  been  growing in  se v e rity  a n d  m ad e  p e rm a n e n t m ed ical care as well as r e p e a te d  h o s
p ita l iz a t io n s  necessary. F ra c tu re  o f th e  X l l t h  dorsal v e r te b ra , u n co n n ec ted  w ith  a n y  in ju ry  
h a d  b e e n  recognized  in 1963. She h a d  b een  m en o p au sa l since 1945 and  w as su ffe rin g  fro m  h o t 
f lu sh e s . S h e  h a d  received  d ig ita lis  g lycosides, d iu re tics , a n d  a n tih y p e rte n s iv e  d ru g s fo r  h y p e r 
te n s iv e  d isease  an d  congestive  h e a r t  fa ilu re . H e r p a re n ts  a n d  seven  siblings w ere no  lo n g er 
a liv e . S h e  w as n o t aw are o f  a n y  h e re d i ta ry  a b n o rm a lity . H e r o n ly  d a u g h te r  a n d  tw o  g ra n d 
c h ild re n  w ere  in  good h ea lth .

O n  adm ission , th ere  w ere o b e s ity , b ila te ra l  ten d e rn ess  o f th e  lu m b a r  an d  p a ra v e r te b ra l  
m u sc u la tu re ,  th e  ad d u cto rs  a n d  th e  th o rac ic  cage. T he sp inous processes o f th e  v e r te b ra e  
w ere  se n s it iv e  to  percussion. T h ere  w as a  s lig h t th ic k en in g  w ith  d e fo rm ity  o f th e  p ro x im a l in - 
te rp l ia la n g e a l  and  th e  m e ta ta rs a l  jo in ts  a n d  o f th e  knees a n d  sligh t r ig id ity  o f  th e  h ip s  on 
p a ss iv e  m o v em en t. The le f t c a rd iac  b o rd e r  w as one f in g e rb re a d th  ou tside  th e  m ed io c la v ic u la r  
íin e . H e a r t  sounds were dull, th e  U n d  a o rtic  so und  w as a cc en tu a te d . T he liv e r w as p a lp a b le  one 
f in g e rb re a d th  below th e  costal m arg in . B lood p ressu re  w as b e tw een  150/90 a n d  200/120 m m  H g .

C lin ical exam inations in  N o v e m b er, 1965, re p ea te d  in  F e b ru a ry  an d  M arch , 1966, an d  
in  O c to b e r , 1966, failed to  rev ea l a n y  p r im a ry  or m e ta s ta tic  tu m o u r or tu b ercu lo u s  p ro cess  as 
a  c au se  o f  th e  frac tu re . R a d io g ra m s show ed generalized  o steo arth ro sis  w ith  d ep o sits , e v e ry 
w h e re  m o d e ra te  décalcification , d isc o p a th y  b e tw een  th e  Y th  a n d  Y Ith  cerv ical v e r te b ra e ,  f u r 
th e rm o re  spondylo listhesis o f  th e  V th  lu m b a r  v e r te b ra  a n d  f la tte n in g  of th e  X l l t h  d o rsa l v e r 
te b r a  to  o n e  th ird  of i ts  o rig in a l h e ig h t.

S e ru m  a n d  urine  e lec tro ly te s  as w ell as serum  a lka line  p h o sp h a ta se  w ere in  th e  n o rm a l 
ra n g e . B lo o d  sugar values w ere n o t  in d ic a tiv e  fo r d iab e tes . T h ere  was a n  in te r m it te n t  th o u g h  
s lig h t g ly co su ria  w hich d id  n o t co inc ide  w ith  th e  in g estio n  of te trac y c lin e  o r  o f a n y  o th e r  d ru g  
w h ic h  m ig h t  have  been responsib le  fo r  th e  a p p ea ran ce  o f red u c in g  sub stan ces in  th e  u r in e  an d  
w as fo u n d , o n  th e  evidence o f th e  f e rm e n ta t io n  te s t,  to  be  due to  th e  p resence of g lucose. A fte r  
a  r e s t r ic t io n  o f calcium  an d  p h o sp h o ru s  in  th e  d ie t fo r a  p e rio d  o f th ree  d ay s, ca lc ium  e x cre tio n  
in  th e  u r in e  w as u n d e r 100 m g p e r  24 h rs . (no rm al, over 100 m g p e r 24 h rs.). In  re sp o n se  to  an 
in tr a v e n o u s  calcium  load ing  te s t  c a rr ied  o u t b y  th e  m eth o d  o f N o r d in  an d  F r a s e r  [25], 
22.5 p e r  c e n t  of th e  15 m g/kg  to ta l  ca lc ium  lo ad  in fu sed  in tra v en o u s ly  w as e x c re te d  in  th e  
u r in e  in  12 h rs ., a find ing  c o n s is ten t w ith  o steom alac ia . (The n o rm al v a lu es a re  b e tw ee n  33 
a n d  53 p e r  c e n t  those in  o s teo m a lac ia  less th a n  27 pe r cen t). Serum  c itra te  w as 1.5 m g p e r  100 m l.

C h ro m ato g ram  of th e  u rin e  acco rd in g  to  K is fa l u d y  a n d  B ra un  [46] rev ea led  a m o d er
a te  in c re a se  o f cystine , ly sin , a rg in in e , a n d  h is tid in e ; th e  o th e r  am ino acids w ere  n o rm al. 
A s to  a n  e v en tu a l tu m o u r, c o n tra s t-X -ra y s , c y s to g rap h y , u p p e r  an d  low er in te s t in a l  p assag e , 
re c to sc o p y , gynaecological e x a m in a tio n , c h es t X -ra y s , se rum  d ias tase , liv e r fu n c tio n  te s ts ,  
p ro v e d  n e g a tiv e  th ro u g h o u t. T u b u la r  p h o sp h a te  re ab so rp tio n , as ex am ined  b y  th e  m e th o d  o f 
S c h a a f  a n d  K y l e  [26], was 76 p e r c e n t. P h o sp h a te  c learance  w as 21.7 m l p e r m in u te . U r in a ry  
p h o s p h a te  ex cre tio n  v a ried  b e tw een  420 m g a n d  840 m g per 24 h rs On d ie ta ry  p h o sp h o ru s  
r e s tr ic tio n , serum  phosphorus d ec lin ed  fro m  be tw een  3.1 a n d  3.7 m g p e r 100 m l to  b e tw een  
2.2 a n d  2.3 m g per 100 m l. T he b o n y  s tru c tu re  rev ea led  b y  b io p sy  w as co n s is ten t w ith  age 
(D r. H . J e l l in e k ). Slit lam p  s tu d y  o f th e  eye, bone  m arro w  b io p sy  an d  ex am in a tio n  o f th e  u ri-
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Tabic- I

F indings I

Investigations
N ovember—December F ebruary—March October

1965 1966 1966

S ed im en tation  ra te 5 - 1 5 - 4 5 - 1 0  m m /hr. 8 m m /hr. 8 m m /hr.
L eukocyte  count 7 0 0 0 -5 0 0 0 -6 1 0 0 5800 6000
E ry th ro c y te  count 4 .2 —4 .0 —4.4 mill. 4.2 m ill. 4.1 mill.
W asserm ann reac tion negative n eg ativ e
Serum  calcium 9.9 m g per 100 ml 10.8 m g p e r 100 ml 10.4 m g p e r 100 ml
Serum  phosphorus 3.6 —3.1 m g per 100 3.6 —2.2 —2.3 —3.7 mg 3.6 m g p e r  100 ml

m l p e r 100 ml
Serum  alkaline

phosphatase 3.0 B .U. 2.4 B .U . 3.9 B .U .
Serum  sodium 138 m Eq/1 132 m Eq/1
Serum  potassium 4.8 m Eq/1 4.4 m Eq/1
Serum  chlorides 1 0 2 - 1 0 5  —  107 mEq/1 105 m Eq/1
B lood sugar 86 — 96 — 72 mg per 69 m g p e r  100 ml 92 m g p e r  100 m l

100 ml
D iu rna l blood sugar 79 — 7 7 - 8 8  -8 8  mg

curve per 100 ml
Glucose tolerance 9 2 - 1 3 4  1 7 2 -1 3 1  mg 1 0 3 - 1 6 0 - 1 6 7 - 1 0 6 - 92 115 129 —  139

te s t pe r 100 ml
1 0 2 - 1 5 9 - 1 5 5  —  155

90 m g per 100 ml 88 m g per 100 ml

m g per 100 ml
Serum  c itra te 1.5 m g per 100 ml 2.7 m g per 100 ml
N on-protein  n itrogen 37 — 35 m g per 40 —44 m g per 28 m g p e r 100 m l

100 m l 100 ml
Serum  creatin ine 0.9 — 1.0 mg per 1 .3 - 0 .9 4  m g per 0.78 m g p e r 100 ml

100 ml 100 m l
C reatin ine  clearance 9 8 —94 m l/m in
T o ta l serum  p ro te in s; 6.8 g p e r 100 ml;

a lbum in , globulin , a lb .: 4.05 g per
electrophore tic 100 m l; glob.: 1.75 g
p a tte rn p e r 100 m l; E P h P .: 

no rm al
Serum  cholesterol 217 m g p e r 100 ml
Serum  b ilirubin 0.5 — 0.44 m g per 0.8 m g p e r 100 ml

100 ml
T hym ol tu rb id ity  te s t 1 U. 2 U. 3 u .
Goldsol tes t 
L a tex  fix a tio n  te s t 
T h o rn ’s te s t

0
negative

0

I: 180 eosinophils 
I I :  100 eosinophils

Serum  uric acid 
D iastase

M icroscopy of stools

3.8 m g p e r 100 ml 4.9 m g p e r 100 ml 
Se.: 64 W .U .
U .: 64 W .U . 
G ranules o f und i-

gested  s ta rc h
G astric  acid ity norm al

uary sedim ent revealed no cystine crystals. E xcretion  pyelography showed norm al conditions. 
The chrom osom al pattern was normal ( S c h u l e r  [ 4 7 ] ) .  T he patient’s daughter and tw o grand
children were exam ined for any evidence of FANCONl-syndrome but none was found. Steroid  
excretion figures are shown in Table I I I .

T he p a tie n t  rece ived  a to ta l  o f 90 mg of v ita m in  D 2 till M arch 16, 1966, su p p le m e n ted  
w ith  anabolic  s te ro id s  (N o ran d ro sten o l), an alg etics , ca lc ium  and  p h o sp h a tes , a d en o s in e  t r i 
p h o sp h a te , an d  p h y s ic o th e rap y . T he u r in a ry  in fec tio n  re q u ire d  tw o courses o f  te tra c y c lin e  to
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Table I I

F indings I I

Investigations
N ovem ber— December 

1965
F  eb ruary—M arch 

1966
O ctober

1966

U rin e . S pecific  w eight 1 0 2 0 - 1 0 1 0 - 1 0 1 8 1020 — 1017 — 1012 1020 — 1020
G ly co su ria traces , traces n eg a tiv e , traces , negative

U r in a ry  p h o sp h a tes

0.5 g p e r  0.5 g per 
100 m l 100 m l 
traces , a ce to n e : 0  

840 — 540 — 420 m g/

traces , neg ativ e  

756 — 616 — 540 mg/24

U r in a ry  calc ium
24 hrs.

113 — 97 m g/24  hrs.
hrs.

80 m g/24 hrs.
T u b u la r  p h o sp h a te  re

a b so rp tio n  
A m ino  a c id  excretion cystine , ly s in , argi-

76 p e r c e n t 
cy stine , ly sin , argi-

(c h ro m a to g ra m ) nine, h is tid in e n in e , h is tid in e
A m ino  a c id  excretion  

(c h ro m a to g ra m ) 
P ro te in u r ia n eg ative

cy stin e , ly sin , arg i
n ine, h is tid in e  

opalescence negative
P y u r ia n eg ative traces , trac e s traces
U r in a ry  sed im en t occasional leukocytes, 4 —6 leu kocy tes, 2 —4 leuk o cy tes ,

e ry th ro c y te s , occasional e ry th ro - occasional e ry th -
ep ith e lia l cells cy te s , 2 0 —40 leuko- ro cy tes; 2 0 —30

U rin a ry  c u ltu re n eg ativ e , neg ativ e

cy te s , occasional 
e ry th ro c y te s  

E n te ro co ccu s -f- E.

leukocy tes, 4 —6 
e ry th ro cy te s

A ddis c o u n t

coli (tw ice): negative, 
n e g a tiv e , negative  

leuk o cy tes: 8.0 m ill./ leukocytes: 11.0

U r in a ry  p H  
B lood p H  
p C 0 2
S ta n d a rd  b ica rb o n ate  
P h o s p h o ru s  clearance

12 h rs ; e ry th ro cy tes: 
1.5 m ill./12  hrs.

6.4
7.3

41 m m  H g 
19.5 m E q  
21.7 m l/m in .

m ill./12 h rs ;  e ry th 
rocy tes: 3.0 
m ill./12 h rs.

Table I I I

Steroid excretion*

S tu d y
N orm al values Basic value After A fter

(from lite ra
ture)*

of the patien t ACTH N or androstenol

BOG
17-O H -co rtico id s

6 —16 m g/24 hrs. 24.2 m g/24 h rs . 21.4 m g/24 hrs. 8.8 m g/24 hrs.

(P o r t e r  — S il b e r ) 
17-k e to s te ro id s

3 — 16 m g/24 hrs. 7.1 m g/24 hrs. 9.9 m g/24 hrs. 4.8 m g/24 hrs.

( Z i m m e r m a n n ) 6 —15 m g/24  h rs . 12.4 m g/24 hrs. 16.3 m g/24 hrs. 8.7 m g/24 hrs.

* T h e  m ethods used hav e  b een  described p rev io u sly  [28, 29].
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w hich  th e  a g en t h ad  p roved  sensitive . A t th e  en d  o f 1966 she was given fu r th e r  3 in je c tio n s  of 
15 m g v ita m in  A D„ a t six-w eek in te rv a ls . She fe lt g re a t im p ro v em en t an d  w as a b le  to  a tten d  
to  h e r household  d u tie s .

D iscussion

A FS has been  am ply  d iscussed  fro m  its  pa th o -ae tio lo g ic , c lin ica l and 
th e ra p e u tic  a sp ec ts  in  th e  l i te ra tu re ; re c e n tly , W ilso n  and  Y e n d t  [45] have 
d e a lt w ith  th e  su b je c t in  d e ta il. T h e  p re se n t s tu d y  is confined to  th e  questions 
o f  s te ro id  an d  am ino  acid  ex cre tio n  b y  th e  u rin e  and  to  c e r ta in  d iagnostic  
a spec ts .

A FS
F ig . 1. R esponses o f s te ro id  ex cre tio n  to  A C T II in  o steom alac ia  an d  in  A F S . N o rm a l re 
sponse  [29], co n sistin g  of a  tw o- o r th ree fo ld  rise  (17-O H -corticoids >  B O G  >  17-to ta l 
k e to s te ro id s) rem a in ed  ab sen t in  th e  p re se n t case o f A F S as well as in  th e  fo rm e r cases of

o steo m a lac ia

1. Urinary steroids in A F S

T he on ly  ev idence concern ing  th is  p o in t w as found  in  th e  re p o r t  of 
Co t t ie r  e t al. [27] on a case w here  a red u ced  excretion  of 1 7 -k e to s te ro id s , 
p h en o ls te ro id s , an d  g o n ad o tro p h in  w as asso c ia ted  w ith  d w arfism , a sm all 
sella , an d  o v a ria n  dysgenesis. T hese chan g es w ere ascribed to  p i tu i ta r y  hypo- 
fu n c tio n . I t  is th ro u g h  ou r in v es tig a tio n s  in to  osteom alacia  p u rsu e d  o v e r th e  
la s t tw o  y ea rs  t h a t  we h av e  com e to  s tu d y  th e  question  of k e to s te ro id  ex cre tio n  
m ore  closely. A n o rm a l response  to  A C T H  o f u r in a ry  stero id  e x c re tio n , i.e. its 
tw o- or th ree fo ld  increase , w as a b se n t in  th e  p resen t case, s im ila rly  as i t  had  
been  in  6 cases o f o steom alacia  d u e  to  v a rio u s  o th e r causes. T h is  m a y  have 
been  due  to  a red u ced  responsiveness o f th e  ad ren a l co rtex  [28, 29] in  th e  cases 
o f o steo m alac ia , w hereas in  A F S , a consequence  of th e  tu b u la r  d a m a g e . In fo r
m a tio n  on th is  p o in t is, how ever, to o  s c a n ty  to  be conclusive. A n o th e r  p o in t 
o f in te re s t  is th a t  th e  24 h r. u r in a ry  o u tp u t  w as 1770 m l; in  a sing le  in s tan ce , 
an d  su b seq u en t va lu es  w ere in v a ria b ly  fa r  less. O ccasional d iu re tic  p e a k s  are 
b y  no  m eans in co m p atib le  w ith  th e  possib le  p a th o m ech an ism  o f  F a n c o n i- 
sy n d ro m e [24].

N o rdio  et al. [30, 31] found an increased 17-ketosteroid o u tp u t in 
a child w ith FANCONi-syndrome. In th e  phase o f restoration o f puerperal
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osteom alacia  the present author has noted a reduced  proportion of but anol- 
soluble glucoronates and o f 17-ketosteroids. The eth iocholanolone-androsterone  
ratio w as also reduced, b u t it  could be restored to  norm al by the adm in istra
tion  o f A CTH  [28]. H olló  et al. [32] noted a norm al 17-ketosteroid ethiocho- 
lan o lon e and androsterone output in 4 cases o f  postm enopausal osteoporo- 
m alacia . In  a male p a tien t w ith  MiLKMAN-syndrome reported by N o rth  [33] 
and in  one observed b y  us [34] no change w as n o ted  in  the excretion  o f s te 
roids and of steroid m eta b o lites .

L iterature on th e  s u b je c t  is too  scarce an d  in c o n s is te n t  to  a llo w  in s ig h t  
in to  th e  relation sh ip s b e tw e e n  th e  FANCONi-syndróm e and th e  a d ren a l c o r te x ,  
or, in  o th er w ords, b e tw e e n  osteom alacia  and s ter o id  excretion .

2. A m ino  acid excretion

T y p ic a l cases o f  A F S  a re  cha rac terized  b y  generalizated hyperam ino
aciduria. E xcep tions h a v e , how ever, been re c o rd e d . F ro m  50 cases co llec ted  
o f  th e  lite ra tu re  a re  su m m a riz e d , i t  em erges t h a t  th is  w as th e  f ir s t  case of 
A F S  charac terized  b y  c y s tin u r ia .

U n d e r cy s tin u ria  w e u n d e rs ta n d  an in c rea sed  u r in a ry  excre tion  o f  c y s tin e  
to g e th e r  w ith  th a t  o f  th e  b asic  am ino ac ids (ly s in , arg in ine an d  o rn ith in e ) . 
I n  h e a lth y  sub jec ts , 98 p e r  cen t o f th e  f i l te re d  am in o  acids are  re a b so rb e d  
b y  th e  ren a l tu b u les . In c re a s e d  am ino-ac idu ria  w h e th e r  affecting  th e  to ta l i ty  
o f  th e  am ino acids or c o n fin e d  to  cy s tin u ria , o ccu rs  i f  th e  p lasm a am ino  acid 
lev e l is to o  high or — i f  i t  is n o rm al — b ecau se  th e i r  defic ien t re a b so rp tio n  
b y  th e  p rox im al tu b u le s . C y stin u ria  m ay  be  se c o n d a ry  to  various a c u te  a n d  
ch ro n ic  conditions in c lu d in g  in fec tions, to x ic  d a m a g e  o r deve lopm en ta l a n o m 
alies [35]. A ccording to  D e n t  e t al. [36] c y s t in u r ia  m ay  in d ica te  a h e re d 
i ta r y  defec t lead ing , u n d e r  ce rta in  cond itions, to  th e  fo rm atio n  o f cy s tin e  
s to n es . T he p a r t  p la y e d  in  c y s tin u ria  by  th e  a l im e n ta ry  tr a c t  and  th e  tu b u la r  
a p p a ra tu s  has been  d iscu ssed  in  d e ta il b y  B a r t t e r  e t al. [37].

Certain authors [38, 39 , 40] make a sharp d istin ction  between cystinuria  
and cystinosis, applying th is  latter term to cond itions characterized by corneal, 
lym phoglandular, in testin a l, hepatic, and other system ic  deposits of cystine. 
E xcretion  of cystine b y  (and  its deposition in) th e  renal tubules m ay account 
for th e  clinical m an ifesta tion s of the FANCONl-syndrome. In 10 out o f 17 
c lose ly  investigated fam ilies both cystinosis and cystinuria were dem on
strable [35]. W hile certain  authors claim on th ese  grounds the possib ility  of 
gen etic  connections b etw een  the two defects [4 1 ,4 2 ] , some others ascribe 
their  common occurrence to  m ere coincidence [38, 39, 40]. The question closely  
affects the classification o f th e  FANCONl-syndrome in to  the infantile and the  
ad u lt ty p e  which is m ad e, apart from the age at its  m anifestation, on the
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g ro u n d  o f th e  lack  or th e  occurrence o f  c y s tin e  m etabo lism  d iso rd e r  [10, 38, 
43, 44].

In  a 38-year-o ld  w om an  w ith  p y e lo n e p h ritis  observed  fo r seven  years, 
Co ttier  e t al. (1962) [27] n o ted  th e  m a n ife s ta tio n s  o f A FS in th re e  perio d s. R enal 
g lycosuria  w as o b se rv ed  in  1953, ren a l g ly co su ria  com bined  w ith  h y p erp h o s- 
p h a tu r ia  an d  s lig h t c y s tin u ria  w ith  u n ch an g ed  u r in a ry  ex c re tio n  o f  th e  o th e r 
am ino  acids in 1957. T h ree  years la te r , in  1960, increased  a m in o -a c id u ria  was

Secondary forms

F i g . 2 . P ro x im al tu b u la r  d is tu rb a n c e  (F a n co n i [24]). T he FANCONi-syndrome is re p re se n ted  as 
a tre e  w ith  th ree  roo ts . T he f i r s t  tw o are  c y stin u ria  a n d  cystinosis d a tin g  b a ck  to  1810 an d  1903, 
th e  th ird  is m ade  up  o f F a n c o n i’s o b se rv a tio n  fro m  1931, D e  T o n i’s from  1933, a n d  D e b r é ’s 
from  1934. F a n c o n i (1936) in te g ra te d  th ese  a n d  tw o  ow n cases in to  th e  sy n d ro m e  o f v itam in  
U -re sis tan t rick e ts  a sso c ia ted  w ith  h y p o p h o sp h a tae m ia , ren a l g lycosuria , n ep h ro sis , excretion  
of o rgan ic  acids, i.e. am ino  acids, and  dw arfism . T h e  t ru n k  of th e  tree  has p r im a ry  an d  secon
d a ry  b ran ch es  in  th e  d irec tio n s  o f ch ildhood  a n d  a d u lt  ty p es . T he d is tin c tiv e  fe a tu re s  o f the  
p re sen t case — a d u lt FANCONi-syndrome w ith  c y s tin u r ia  — are sym bolized  by  th e  r in g  on the

tru n k

found , sav e  for th a t  o f  cystine . T he u r in a ry  c h ro m a to g ram  rev ea led  a norm al 
am ino  acids p a tte rn .

In  th e  case o f  a 44 -year-o ld  w om an  re p o rte d  b y  Mu l l a n  in  1966 [12] 
slit lam p  ex am in a tio n  revealed  c ris ta l d ep o sits  in  th e  co rnea  a n d  co n ju n c tiv a . 
Since no b iopsy  w as m ad e , th e  c ry s ta ls  cou ld  n o t be id en tified . W ith  th e  excep
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t io n  o f  cy s tin e , th e re  w as a n  in creased  u r in a ry  e x c re tio n , o f all am ino  acids. 
N o c y s tin e  c rysta ls  w ere d e te c ta b le  in  th e  b one  m a rro w  an d  e x a m in a tio n  of 
th e  re la t iv e s  p roved  likew ise n e g a tiv e . In  th e  p re se n t case , iso la ted  c y s tin u ria  
w as th e  o n ly  classical s ign . N ep h ro lith ia s is , n ep h ro ca lc in o sis  w ere a b se n t, n o r 
w ere  c y s tin e  crysta ls  d e te c ta b le  e ith e r  as m e d u lla r  o r  co rn ea l dep o sits  o r in  
th e  u r in a r y  sed im ent. In v e s t ig a tio n  of th e  re la tiv e s  in d ic a te d  no  h e re d ita ry  
ca u se . T h e  chrom osom al s tu d y  p ro v ed  likew ise n e g a tiv e , w hich , h o w ever, 
does n o t  ru le  o u t th e  p o s s ib ility  o f a recessive h e re d ita ry  tran sm iss io n , as also 
c o n v e rse ly , in  case of recessiv e  tran sm iss io n  no en zy m e defect is d em o n strab le  
in  th is  m a n n e r  in m ore th a n  5 to  10 per c en t o f th e  cases. T ho u g h  w e feel 
ju s t i f ie d  in  connecting  th e  sy n d ro m e  in  th e  p re se n t case  w ith  ch ron ic  p y e lo 
n e p h r i t is ,  n evertheless, in  v ie w  o f th e  c h a ra c te ris tic  am in o -ac id u ria  w e c a n n o t 
e x c lu d e  th e  p o ssib ility  o f h e re d i ta ry  fac to rs w ith  c e r ta in ty :  to  do so, w e w ould  
h a v e  to  reso lve s u b s ta n tia l  m e th o d ic a l d ifficu lties. T h e  fa c t rem ains t h a t  in  
th is  case o f  A F S , amino-aciduria was o f the infantile type.

3. Diagnosis

A m o n g  th e  50 cases co llec ted  from  th e  l i te ra tu re , d a ily  u r in a ry  p h o s p h a te  
e x c re tio n  w as increased  in  10 cases, w hereas in  24 i t  w as b e tw een  n o rm a l 
lim its . P h o sp h o ru s c lea ran ce  w as increased  in  13 o u t  o f 16 cases w h ere  i t  
h a d  b e e n  in v es tig a ted  an d  tu b u la r  p h o sp h a te  re a b so rp tio n  w as red u ced  in  all 
o f  th e  7 cases w here i t  h a d  b een  exam ined . In  th e  p re se n t case a n o rm a l 
u r in a r y  p h o sp h a te  ex c re tio n  w as associa ted  w ith  in c rea sed  p h o sp h o ru s c le a r
an ce  a n d  reduced  p h o s p h a te  reab so rp tio n . T h e  p a t ie n t  on a m ixed  d ie t h ad  
se ru m  p h o sp h o ru s  va lu es  o f  3.1 to  3.7 m g p e r  100 m l an d , on a p h o sp h o ru s- 
r e s t r ic te d  d ie t these  v a lu es  d ec lin ed  to  2.2 or 2.3 m g  p e r  100 m l (T ab le  I I ) . 
T h is c o n s te lla tio n  w here  n o rm a l p h o sp h a tu r ia  a n d  low  serum  p h o sp h o ru s  
lev e ls  co m b in e  w ith  an  in c re a se d  clearance o f p h o sp h o ru s  has been  te rm e d  
re la t iv e  h y p e rp h o sp h a tu r ia  b y  B ic k e l  [20]. H y p e rp h o s p h a tu r ia  has n o t  been  
fo u n d  to  belong  to  th e  e a r ly  s igns of th e  in fa n tile - ty p e  FS  [20]. In  th e  a d u lt  
ty p e , K u h l e n c o r d t  [1] does n o t  reg ard  i t  as o b lig a to ry . F ro m  th e  re su lts  
i t  seem s t h a t  tu b u la r  p h o s p h a te  reab so rp tio n  m ig h t b e  a m ore sen sitiv e  in d i
c a to r  o f  fu n c tio n a l p ro x im a l tu b u le  deficiency th a n  is th e  u r in a ry  ex cre tio n  
o f p h o sp h a te s .

R e n a l glycosuria w as c o n s ta n t  in  36 an d  in te r m it te n t  in  one o u t o f  th e  
50 cases . I n  3 cases g ly co su ria  ceased  to g e th e r w ith  th e  o th e r  signs. In  10 cases 
th e  re c o rd s  fail to  su p p ly  in fo rm a tio n  concern ing  th e  c h a ra c te r  an d  degree 
o f  g ly c o su ria . In  our case —- j u s t  as in  th a t  re p o r te d  b y  W il so n  a n d  Y e n d t  
[45] — g lycosuria  w as in te rm it te n t .

F o r  th e  id e n tific a tio n  o f  sk e le ta l in v o lv em en t, n am e ly  of o steo m alac ia , 
w e h a v e  to  re ly  on bone b io p sy , ca lcium  load ing  te s t  a n d  serum  c itra te  v a lu es ,
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p a r tic u la r ly  of th e  X -ra y s  show  osteoporosis on ly  an d  if  n e i th e r  th e  calcium  
an d  p h o sp h o ru s  values in  serum  an d  u rin e  n o r th e  se rum  a lk a lin e  p h o sp h a ta se  
levels a re  c h a ra c te ris tic  o f  o steo m alac ia . O n th e  ev idence o f  th e se  te s ts , the  
ske le ta l lesion in  th e  p re se n t case h as  been  id en tified  as o steo p o ro m alac ia . 
A ccord ing  to  th e  e s tab lish ed  view , th e  te rm  o steo p o ro m alac ia  is app lied  to  
bone a tro p h y  w ith  th e  c h a ra c te ris tic  fe a tu re s  of osteoporosis as rev ea led  by 
th e  p a t te rn  o f n o rm al serum  calc ium , p h o sp h o ru s , an d  a lk a lin e  p h o sp h a ta se  
levels asso c ia ted  w ith  a re te n tio n  o f ca lc ium  in  response to  th e  ca lc iu m  infusion 
te s t .  In  th e  p re se n t case i t  w as th e  jo in t  fin d in g  o f o s teo p o ro m a lac ia  an d  of 
in te rm it te n t  g lycosuria  w hich  led  us to  a search  for fu r th e r  ev id en ce  o f tubu lo - 
p a th y  a n d  to  th e  ev e n tu a l d iagnosis o f A FS.

Table IV

Clinical fo rm s o f  p rox im a l tubular disturbance 

(according t o  F a n c o n i  [24])

Urine Glucose
Total
amino
acids

Glycine
Citric
acid P Syndrome

-f- + + + D e  T o n i — D e b r é — F a n c o n i

-U + “ D iabetes g lucophosphaticus”  ( M c C u n e ,; +

-b +

“ D iabetes glucoam inicus”  ( J u i l l a r d — P i g u e t ) 

“ D iabetes phosphoglycin icus”  ( D e n t ) 

“ D iabetes glucoglycinicus”  ( K ä s e r )

+ + + “ D iabetes phospho-am ino-c itriciis”  ( N o r d i o —■

D e  T o n i )

rep resen ts increased  u rin a ry  excretion .

D iagnosis o f A FS shou ld  n o t pose an y  m a jo r d ifficu lty  once th e  fu n c tiona l 
d efec t o f  th e  p ro x im al tu b u le s  has been  recognized. T ab le  IV  show s th e  signs 
o f p ro x im a l tu b u la r  in su ffic iency  an d  i ts  v a rio u s c o m b in a tio n s , as sum m ed 
u p  by  F a n c o n i (1962) [24]. O ur case rep resen ts  a c o m b in a tio n  o f  glucose- 
p h o sp h a te -c y s tin e  d iab e tes  w ith  o steoporom alac ia . F ro m  T ab le  IV  i t  emerges 
t h a t  th is  is th e  f irs t  case of A FS w ith  classical cy s tin u ria . S h o u ld  th is  p a tte rn  
of am in o -ac id u ria  rem ain  u n ch an g ed , th e n  th e  cy stin e -p h o sp h a te -g lu co se  
d iab e te s  o f w hich i t  w ould  be a sign, m ig h t rep resen t a new  v a r ie ty  in  the  
p o ly m o rp h o u s p ic tu re  o f a d u lt- ty p e  p ro x im a l tu b u la r  in su ffic iency .
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ÜBER DIE WIRKUNG DER KORTIKOIDE AUF DIE 
UROBIUINOIDAUSSCHEIDUNG IKTERISCHER

KRANKEN
V on

B. F e l k a i  und I. L ászló- K a h á n

m it d e r tech n isch en  A ssistenz von  I. B. G a r d i á n

I ,  M EDIZINISCHE K L IN IK  (D IR E K T O R : P R O F . D R. M. JU L ESZ) D E R  U N IV ER SITÄ T SZEGED 

(E in g eg an g en  am  20. D ezem ber 1966)

Die G e sa m t-H arn u ro b ilin au ssch e id u n g  sowie d ie i-U ro b ilin -S te rk o b ilin  P ro p o r
tio n  w urden  im  L au fe  de r K o rtik o id th e rap ie  bei a k u te n  V iru sh ep a titis fä llen  und  im  
e x tra h ep a tisch e n  V e rsc h lu ß ik te ru s  u n te rsu c h t.

Bei a k u te n  H e p a tit id e n  gesellte  sich w äh ren d  d e r K o rtik o id v e rab fo lg u n g  zur 
V erm inderung  des S eru m -B ilirub insp iegels de r A nstieg  de r I la rn -U ro b ilin o id au ssch e i- 
dung , au ß erd em  v e rä n d e r te  sich — zu G un sten  des S te rk o b ilin s  — a u ch  d ie U robilinoid- 
p ro p o rtio n . In  B ezug a u f  die U ro b ilino idausscheidung  w aren  sow ohl in  d e r Periode der 
K o rtik o id v erab fo lg u n g  als au ch  in  d e r Periode  de r S p o n tan b esse ru n g  bzw . -heilung 
paralle l der V e rm in d e ru n g  der S eru m b iliru b in w erte  vo llk o m m en  äh n lich e  V e rh ä lt
nisse v o rzu finden .

A n hand  de r e rm it te lte n  R e su lta te  w ird  die a u f  K o rtik o id w irk u n g  z u s tan d ek o m 
m ende S e ru m -B iliru b in v e rm in d e ru n g  m it dem  U m sta n d  e rk lä r t,  d a ß  d e r G a llen farb 
sto ff  — infolge de r L ö su n g  des in tra h ep a tisch e n  V ersch lusses — in  den  D a rm tra k t  ge
lan g t. M it d ieser T h eo rie  stim m en  die bei m echan ischem  e x tra h e p a tis c h e m  V erschluß 
e rm itte lte n  A n gaben , n ach  d enen  sich w äh ren d  de r K o rtik o id z u fu h r w ed er die U ro 
b ilino idausscheidung  noch  die S erum -B ilirub in  k o n z en tra tio n  v e rm in d e rte n , überein .

A us der Z eit, in  d e r bei d er B eh an d lu n g  d e r V iru sh e p a titis  d ie  W irkung  
v o n  C ortison u n d  A C TH  e rp ro b t w u rd e , s ta m m t die B eo b ach tu n g , daß sich 
im  L aufe  der K o r tik o id th e ra p ie  Ik te ru s  u n d  S erum -B ilirub insp iege l rasch  v e r
m in d e rn , falls jed o ch  fü r  den  Ik te ru s  ein e x tra h e p a tisc h e r  V ersch luß  v e r
a n tw o rtlic h  is t, b le ib t d ieser E ffek t vo llkom m en  aus bzw . m e ld e t sich  n u r  in 
u n b ed eu ten d em  M aße. D e r P a th o m ech an ism u s d er S eru m -B iliru b in v erm in d e- 
ru n g  is t zu r Zeit te ilw eise  noch  u n g e k lä r t;  ü b e r die U n te rsu c h u n g  des B iliru b in 
stoffw echsels b e ric h te n  w enige M itte ilungen  u n d  au ch  die e n th a lte n  keine 
e in d eu tig en  E rgebn isse .

D as abw eichende V erh a lten  ein iger Ik te ru s ty p e n  a u f  W irk u n g  von  Cor
tiso n  schien d e ra rtig  c h a ra k te ris tisc h  zu sein, d aß  einige V erfasser die K o r ti
ko id e  zu d iffe ren tia ld iag n o stisch en  Z w ecken, n am e n tlic h  zu r A b so n d eru n g  des 
h ep a to ze llu lä ren  Ik te ru s  gegenüber dem  e x tra h e p a tisch e n  V ersch luß  em p
fah len  [1, 2, 3]. D as e igen tliche  P ro b lem  is t die D iffe renz ierung  d er in tra -  und  
ex tra h e p a tisch e n  O b s tru k tio n , d. h. die K lä ru n g  d e r aus th e rap eu tisch em  
S ta n d p u n k t w ich tigen  F rag e , ob es sich um  einen  » in tern istischen«  oder »chi
rurgischen« Ik te ru s  h a n d e lt. D as E n d re s u lta t  d er S te ro id w irk u n g  bei H ep a titis  
w a r  dem  A nschein  n a c h  die S icherung  d er G a llen p assag este ig eru n g  u n d  die 
L ösu n g  des in tra h e p a tisc h e n  V erschlusses, E rsch e in u n g en  also, die im  Falle 
eines ex tra h e p a tisch e n  V erschlusses n ic h t Z ustandekom m en  k ö n n en  [4, 5, 6].
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Ch a l m e r s  u n d  M ita rb . [7] s te llte n  jed o ch  den  d iag n o stisch en  W ert 
d ieses T e s ts  in  A brede, da  ih re r  A n s ic h t n ach  es im  L au fe  d er A C T H -K u r auch 
im  F a l le  e in er e x tra h e p a tisc h e n  O b s tru k tio n  zu r V erm in d eru n g  des Serum - 
B iliru b in sp ieg e ls  kom m en k a n n . K atz  u n d  M ita rb . [8] g e lan g ten  im  Z u sam 
m e n h a n g  m it C ortison -V erab fo lgung  zu äh n lich en  F e s ts te llu n g e n . W id e r
s p re c h e n d e  U n te rsu ch u n g se rg eb n isse  w erden au ch  h e u te  noch  v e rö ffen tlich t: 
P r u z a n s k i  [9] fand in  bezug  a u f  M aß u n d  G esch w in d ig k e it d er S e ru m -B iliru 
b in v e rm in d e ru n g  zw ischen d e r  m it  P redn iso lon  b e h a n d e lte n  u n d  u n b e h a n d e l
te n  G ru p p e  keine s ig n ifik an ten  U n te rsch ied e ; ü b e r ähn lich e  E rg eb n isse  b e rich 
te te n  a n h a n d  s ta tis tisch  b e w e r te te n  U n te rsu ch u n g en  au ch  D e R it is  u n d  Mi
ta r b .  [1 0 ]. In  einigen M itte ilu n g e n  w u rd e  auch  d a ra u f  h ingew iesen , d aß  sich 
bei e x tra h e p a tis c h e r  G a llen w eg so b stru k tio n  die S e ru m -B iliru b in k o n zen tra tio n  
— o h n e  d a ß  sich dazu  d er A n s tie g  d e r S tuh l- [7, 8] u n d  H arn -U ro b ilin o id au s- 
sc h e id u n g  [7] gesellen w ü rd e  — zu  v erm in d ern  v e rm ag . W illiam s  u n d  M itarb . 
[11] fa n d e n  bei V iru sh e p a tit is  led ig lich  einen u n b e d e u te n d e n  U robilino id- 
a n s tie g  v o r ;  diesem U m s ta n d  zufolge schien d ie  b isherige  A uffassung  in 
b ezu g  a u f  den  W irk u n g sm ech an ism u s n ich t m eh r s tic h h a ltig  zu sein, w as 
d ie  F o rs c h e r  zur w eiteren  U n te rsu c h u n g e n  v e ra n la ß te . Ü b er d iesbezügliche 
B e o b a c h tu n g e n  w urden  je d o c h  b ish e r  n u r  spärliche  A n g ab en  ve rö ffen tlich t.

U m  d e r F rage n ä h e r  zu  k o m m en , hab en  w ir die G e s ta ltu n g  d e r H a rn - 
U ro b ilin o id au ssch e id u n g  re g is tr ie r t .  Ä hnlich  w ie in  u n se ren  v o ran g eh en d en  
U n te rsu c h u n g e n  [3, 12] h a b e n  w ir  d ie H arn -U ro b ilin o id au ssch e id u n g  w ährend  
des g a n z e n  K ra n k h e itsv e rla u fe s , d . h . w ährend  d e r k lin ischen  B e o b ach tu n g s
p e rio d e  b zw . im L aufe d e r K o r tik o id -K u r  tä g lic h  b e s tim m t. A nsch ließend  
w u rd e n  a u c h  die G esam t-U ro b ilin o id au ssch e id u n g  u n d  die i-U rob ilin  u n d  
S te rk o b i l in  P ro p o rtio n  u n te rs u c h t .

M aterial und Methodik

A n  H e p a ti t is  ep idem ica le id e n d e n  8 P a tie n te n  w u rd en  K o rtik o id e  v e rab fo lg t, als K o n 
tro lle  d ie n te n  12 u n b eh an d e lte  K ra n k e . D ie  S tero ide  e rh ie lten  die P a tie n te n  am  a n n eh m b aren  
G ip fe lp u n k t de r K ra n k h e it, d. h. w ä h re n d  de r im  allgem einen m it A cholie oder H ypocho lie  
e in h e rg e h e n d e n  Periode. D o sierung : C o rtiso n  150 —100 m g /T ag , 4 — 6 T age h in d u rch ; P re d n i
solon 30 m g /T ag , 4 — 6 T age h in d u rc h ; A C T H  40 E /T ag  6 — 8 T age h in d u rch .

I n  3 tu m o rb e d in g te n  Ik te ru s fä l le n  e x tra h ep a tisch e n  O b s tru k tio n s ty p s  w u rd en  die au f 
W irk u n g  v o n  C ortison z u sta n d e k o m m e n d e n  Ä nderungen  d e r S e ru m -B iliru b in k o n z en tra tio n  
u n d  d e r  H arn -U ro b ilin o id au ssch e id u n g  re g is tr ie rt.

D ie  B estim m ung  der S erum - u n d  H arn -B iliru b in w erte  e rfo lg te  n a ch  J e n d r a s s i k  u n d  
G r ó f  [13 , 14]; in  einigen F ä llen  w u rd e n  im  Serum  auch  d ie d irek te  u n d  d ie in d ire k te  Serum - 
B iliru b in f ra k tio n  bestim m t. Bei d e r  U n te rsu ch u n g  de r H a rn -U ro b ilin o id k o n ze n tra tio n  b e 
d ie n te n  w ir  u n s  der in u n se ren  v o ra n g e h e n d e n  M itte ilungen  b esch riebenen  M ethode  [15, 16].
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E rgebn isse

I.

Hepatitisfälle

B ezüglich  d e r  A u fa rb e itu n g  d er U n te rsu ch u n g se rg eb n isse  u n d  d e r N o
m e n k la tu r  sei a u f  eine v o ran g eh en d e  A rb e it hingew iesen [12].

Im  E in k la n g  m it den  L ité ra tu ra n g a b e n  w ar im L aufe  d e r  K o r tik o id 
th e ra p ie  eine v o rü b e rg eh en d e  V erm in d e ru n g  des S erum -B ilirub insp iege ls  und  
d e r H arn -B iliru b in au ssch e id u n g  zu b e o b a c h te n  (Abb. 1). N ach  E in s te llu n g

Abb. 1

d er K o rtik o id v e rab fo lg u n g  stiegen  in  e inem  Teil der F ä lle  d ie  W erte  der 
S e ru m -B iliru b in k o n zen tra tio n  u n d  d er H a rn -B iliru b in a u ssc h e id u n g  w ieder an 
(A bb. 2). In  den  F ä llen , in  denen  au ch  d ie  d irek ten  u n d  in d ire k te n  Serum - 
B iliru b in w erte  b e s tim m t w urden , k o n n te  b e o b a c h te t w erden , d a ß  d ie H arn- 
B iliru b in au ssch e id u n g  d er direkten Serum  B iliru b in k o n z e n tra tio n  p a ra lle l verlief. 
D er I la rn b iliru b in sp ie g e l blieb tro tz  dem  A nstieg  v e rh ä ltn ism ä ß ig  niedrig , 
in  diesen F ä llen  w a r  ab e r auch  d er W e rt d e r  d irek ten  S eru m -B iliru b in frak tio n  
n ied rig  (A bb. 3).

Zw ischen d en  m ax im alen  D u rc h sc h n ittsw e rte n  der S e ru m -B iliru b in - 
k o n z e n tra tio n  d e r b e id en  G ruppen  w a r  k e in e  w esentliche A b w eich u n g  fe s t
zu ste llen : K o n tro llg ru p p e  7,8 m g % , m it K o rtik o id en  b e h a n d e lte  G ruppe
7,7 m g % . Bei d en  sich  sp o n tan  b esse rn d en  K o n tro llp a tie n te n  v e rm in d e rte  
sich d er S erum -B ilirub insp iege l 3 T age n a c h  dem  M axim um  d u rc h sc h n ittlic h  
a u f  6,0 m g %  (23% ige V erm inderung), w ä h re n d  bei den m it K o r t ik o id  b e h a n 
d e lten  K ra n k e n  n a c h  3 T agen  ein D u rc h sc h n ittsw e rt von  4,7 m g %  zu v e r
zeichnen  w ar (40 % ig e  V erm inderung). N ach  C o rtiso n v erab fo lg u n g  w a r die
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V e rm in d e ru n g  des S erum -B ilirub insp iege ls  — w ä h re n d  e iner gewissen Z e ite in 
h e it  — so m it e in igerm aßen  b e d e u te n d e r  als das M aß  d e r S p o n tan v e rm in d e ru n g .

B e i den  8 fo rtla u fe n d  u n te rsu c h te n  H e p a ti t id e n  k o n n te  w äh ren d  bzw . 
k u rz  n a c h  d er K o r tik o id th e ra p ie  ein b e d e u te n d e r  A n stieg  der H arn -U ro b ili-

P.Gy. 2 f
Erlich r. : ++++ ++ «. ++ na
Binrubin^ * Ц .+  tu- *
Alk.Phosp.-18,m 15,6 BE VJBE /  8ABE 

20 -| W fâ joiromb'n 58% /  48 %

Tage i w  m g  Lorzisonj

I I Urobilinoidpigmente 

i-Urobilin 

I Sterkobilin

A b b . 2

ii6p%  

100%

■ ■  Normocholischer Stuhl 
VZH Hypocholischer Stuhl 
t-U  Acholischer Stuhl 
---- Se-Bilirubin

n o id au ssc h e id u n g  b e o b a c h te t w erden . Diese E rsc h e in u n g  fiel au f die P e rio d e  
— im  a llgem einen  an  den  3 —4. T ag  — der V e rm in d e ru n g  des S e ru m -B iliru b in 
sp iegels . I n  einem  F all ließ  s ich  tro tz  den fo r tla u fe n d e n  B estim m ungen  ke in e  
w e se n tlic h e  S teigerung  d er H a rn -U ro b ilin o id a u ssc h e id u n g  erkennen.

W e rd e n  die in  d en  e in ze ln en  P erioden  — G ip fe lp u n k t des Ik te ru s  
(W e rte , d ie  in  der der K o rtik o id v e rab fo lg u n g  bzw . d e r  S p o n tan b esse ru n g  v o r 
a n g e h e n d e n  Periode e rm it te l t  w urden ), V e rm in d e ru n g  des S e ru m -B iliru b in 
sp iegels  (m ax im ale  U ro b ilin o id w erte  w ährend  d e r K o rtik o id th e ra p ie  bzw . am
3. T a g  d e r  sp o n tan en  V erm in d e ru n g  e rm itte lte n  U rob ilino idw erte) — bei 
d en  b e id e n  G ruppen  (K o rtik o id -G ru p p e  bzw . u n b e h a n d e lte  G ruppe) gew on
n e n e n  U ro b ilin o id au ssch e id u n g sw erte  verg lichen , so e rg ib t sich fo lgendes:

K o n tro llg ru p p e : D u rc h sc h n ittsw e rt d e r U ro b ilin o id au ssch e id u n g  am  
G ip fe lp u n k t des Ik te ru s : 2,8 m g /T ag , innerhalb  d ieses W erts  w ar das i-U ro b ilin  
1,9 m g /T ag  (68% ) u n d  das S te rk o b ilin  0,9 m g /T ag  (32% ). Am 3. T ag  d er
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P eriode d er S e ru m -B iliru b in v e rin in d e ru n g  b e tru g  der W ert des G esam tu ro b i- 
lino ids 5,9  m g/T ag, w äh ren d  d er i-U ro b ilin w ert 1,8 m g/Tag (3 1 % ) u n d  der 
S te rk o b ilin w e rt 4,1 m g/T ag  (69% ) a u sm a c h te n  (A bb. 4).

K o rtik o id g ru p p e : D u rc h sc h n ittsw e rt d e r  U ro b ilin o id au ssch e id u n g  u n m it
te lb a r  v o r  d e r K o rtik o id v e rab fo lg u n g : 0,93 m g/T ag, in n erh a lb  d ieses W erts

GO
Оь-
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£

3
T3

Эо
о

Stuhlfarbe,
Tage

K .  J .  i
Se-Bilirubin 
direktes Se-Bilirubin 
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Urobilinoidpigmente 
i-Urobilin-\-Sterkobilin 
i- Urobilin 
Sterkobilin
Normocholischer Stuhl 
Hypocholischer Stuhl 
Acholischer Stuhl 
(pos. Schmidt-Reaktion)

—Qytison—
Abb. 3

w ar das i-U robilin  0,58 m g/T ag (62% ) u n d  das S terkob ilin  0,35 m g /T ag  (38% ). 
D er D u rc h sc h n itt  d er m ax im alen  U ro b ilin o id w erte  w äh ren d  d e r K o r tik o id 
th e ra p ie  b e tru g  7,8 m g/T ag, w äh ren d  d e r  i-U rob ilinw ert 2,0 m g /T ag  (26% ) 
u n d  d e r S te rk o b ilin w ert 5,8 m g/T ag (74% ) au sm ach ten  (A bb. 5).

W ie ersich tlich , e rh ö h te  sich im  L au fe  d er K o rtik o id th e ra p ie  para lle l 
m it d e r  V erm in d eru n g  des B ilirub insp iegels  d ie  H a rn -U ro b ilin o id au ssch e id u n g  
u m  d as V ielfache. D as M aß d ieser E rh ö h u n g  ü b e tra f  in  der M eh rzah l d e r  F älle  
d en  N o rm a lw ert, au ß erd em  ä n d e rte  sich  auch  die i-U ro b ilin —S terk o b ilin - 
P ro p o rtio n . D er U m sta n d , d aß  das S te rk o b ilin  an  Ü b erg ew ich t gew ann, 
h a t te  es zu r Folge, d aß  sich die P ro p o rtio n  (u n d  ausschließlich  d ie P ro p o rtio n )  
d e r U rob ilino ide  a n n ä h e rn d  n o rm al g e s ta lte te . In  der au f W irk u n g  d e r  K o r ti
ko ide  zu stan d ek o m m en d en , m it S e ru m -B iliru b in v erm in d eru n g  e in h e rg e h e n 
den  P e rio d e  g e s ta lte te  sich  die U ro b ilin o idaussche idung  — sow ohl in  B ezug 
a u f  d ie  T endenz  d er S te igerung  d er G esam t-U ro b ilin o id au ssch e id u n g , als auch 
h in sich tlich  d er i-U ro b ilin —S te rk o b ilin -P ro p o rtio n  — ähnlich  w ie in  d e r  P eriode
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Durchschn.: 2,8 1,9 0,9
Verteilung (% ) (63% ) (32%)

-f bestimmt als U robilinoidpigm snt

Durchschn.: 5,9 1,8 4,1
Verteilung (% ) (31% ) (69%)

+ bestimmt als Urobilinoidpigm ent

Abb. 4

Abb. 5
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d e r S p o n tan b esse ru n g  (eine geringe A b w eich u n g  zeigten led ig lich  d ie  ab so lu ten  
W erte , au ß erd em  w a r d er A nstieg  d e r  U ro b ilin o id au ssch e id u n g  w ä h re n d  der 
K o rtik o id th e ra p ie  in  d e r u n te rsu c h te n  G ru p p e  etw as b e d e u te n d e r  a ls in  der 
K o n tro llg ru p p e).

In  einigen F ä lle n  fiel d er a u f  K o rtik o id w irk u n g  z u s ta n d e k o m m e n d e  
A nstieg  der U ro b ilin o id au ssch e id u n g  u n d  in n e rh a lb  desselben d ie  V e rän d e ru n g  
d e r i-U ro l)ilin -S te rkob ilin  P ro p o rtio n  zu  G u n sten  des S te rk o b ilin s  in  die 
P e rio d e , in  der in d ire k te  S e ru m -B iliru b in w erte  zu reg istrieren  w aren .

I I .

Fälle der extrahepatischen Gallenwegsobstruktion

In  d ieser G ru p p e  w aren  in  B ezug  a u f  d ie k o rtik o id b ed in g te  U ro b ilin o id 
aussch e id u n g  im  V erh ä ltn is  zu r K o n tro llg ru p p e  abw eichende R e s u lta te  zu 
verze ichnen .

In  den 3, d u rc h  tu m o ro sé  e x tra h e p a tis c h e  O b stru k tio n  v e ru rsa c h te n  
Ik te ru sfä lle n  w ar im  L aufe  der K o r tik o id th e ra p ie  n ich t e inm al e ine  v o rü b e r
g ehende  V erm in d eru n g  des S erum -B ilirub insp iege ls  v o rzu fin d en  (d ie  H arn - 
B iliru b in au ssch e id u n g  zeigte v o n  e in e r  vo rübergehenden  S ch w an k u n g  
abgesehen  —  ke in e  a n h a lte n d e  V e rm in d e ru n g ). Die U ro b ilin o id au ssch e id u n g  
w ies keine V e rän d e ru n g  au f, die W e rte  b lieb en  niedrig  und  ü b e rs c h r i t te n  den 
N o rm a lw ert in  k e inem  F a ll (A bb. 6, 7).

B esp rech u n g

W äh ren d  in  den  sich m it d e r K o rtik o id w irk u n g  b e fassen d en  A rb e iten  
[8, 11] vo rnehm lich  die S tu h l-U ro b ilin o g en au ssch e id u n g  zur B e a rb e itu n g  kam , 
b e fa ß te n  w ir u ns m it d e r U n te rsu c h u n g  des H arn s.

A n h an d  d e r e rm itte lte n  E rg eb n isse  gelang ten  w ir zu e in ig en  F o lge
ru n g en :

1. D ie K o rtik o id w irk u n g  is t k e in  d ire k te r  — p h a rm ak o lo g isch e r — 
E ffe k t:  Die U ro b ilin o id au ssch e id u n g  s te ig t n ic h t w ährend  d e r K o r tik o id th e 
ra p ie  an , sondern  ebenso wie in  den  sich  spo n tan  b esse rn d en  F ä llen  
in je n e r  P eriode d e r  K ra n k h e it , in  d e r d ie  L ösung des V ersch lusses b eg in n t 
(A bb . 2). Falls die V erm in d eru n g  des Serum -B ilirub insp iegels w ä h re n d  der 
K o rtik o id z u fu h r  k le in g rad ig  oder n ic h t a n h a lte n d  ist, b le ib t d ie  U ro b ilin o id 
au ssch e id u n g  im  w esen tlichen  u n v e rä n d e r t .  A us dem G esagten fo lg t, d a ß  eine 
K o rre la tio n  n ic h t zw ischen  der K o r tik o id th e ra p ie  und  der U ro b ilin o id a u s
sch e id u n g , sondern  eh er zw ischen d er V erm in d eru n g  des S e ru m -B iliru b in sp ie 
gels u n d  der Ä n d e ru n g  d e r U ro b ilin o id au ssch e id u n g  b es teh t.
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2. D ie, in  der P e rio d e  d e r S e ru m -B iliru b in v e rm in d e ru n g  V orgefundenen 
E rsc h e in u n g e n  — A n stieg  d e r  H arn -U ro b ilin o id au ssch e id u n g , Ä nderungen  d e r 
P ro p o r t io n  der U ro b ilin o id frak tio n en  — w a re n  im  L aufe der K o rtik o id -

F. A  9

b e h a n d lu n g  und  w äh ren d  d e r  S p o n tan h e ilu n g  (B esse ru n g ) e inander vo llk o m m en  
ä h n lic h . D ie, bei d er le tz te rw ä h n te n  G ruppe e rm itte l te n  R esu lta te  h a b e n  w ir 
b e re its  v e rö ffen tlich t [12].

3. In  den d u rc h  e x tra h e p a tisc h e n  G allenw egversch luß  v e ru rsa c h te n  
Ik te ru s fä l le n  w aren  w ed er e in e  V erm inderung  des Ik te ru s ,  noch au f die B esse
ru n g  d e r  G allenpassage w eisen d e  Zeichen o d er d e r  A nstieg  der U rob ilino id - 
a u ssc h e id u n g  v o rzu fin d en .

D em  A nschein n a c h  b ew irk en  som it die K o r tik o id e  le tz ten  E ndes — o b 
w o h l d ie  E inze lhe iten  des W irk u n g sm ech an ism u s a n h a n d  unserer k lin isch en  
U n te rsu c h u n g e n  n ich t g e k lä r t  w erden  k o n n te n  — n u r  einen  A bfluß des G a llen 
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fa rb sto ffs  in das D u o d en u m . D iese E rsch e in u n g  k a n n  ab e r — zu m in d est in 
d er M ehrzahl d e r  F ä lle  - n ic h t als ein ech te r  th e ra p e u tisc h e r  E ffe k t b e tra c h te t  
w erden , w as eben  je n e  F ä lle  bew eisen, in  denen  n a c h  E in s te llu n g  d e r  K o rtik o id 
verab fo lgung  d e r S e ru m b iliru b in g eh a lt ab erm als  a n s te ig t, d. h ., d aß  es sich 
n ic h t u m  eine d e fin itiv e  H eilu n g  d er K ra n k h e it  (H e p a titis )  h a n d e lt . D ie K o r ti
ko id w irk u n g  ä h n e lte  a u ffa llen d  d er S p o n ta n h e ilu n g  in  B ezug  d er U ro 
b ilin au ssch e id u n g  (obw ohl die E n tsc h e id u n g  d e r F rag e , ob es sich n ich t 
e tw a  um  eine S p o n ta n h e ilu n g  h a n d e lt, e igen tlich  im m er au ch  re c h t  schw ie
rig  is t) , dies b e d e u te t a b e r  keinesfalls, d aß  das C o rtiso n  die H e p a tit is  he i
len w ürde , so n d ern  n u r , d aß  es a u f  irgendeine  W eise — falls ein in tr a 
h ep a tisch e r G allenw egversch luß  vo rlieg t — die B esseru n g  d e r G allenpassage  
b ew irk t, w elche E rsc h e in u n g  als E n d re s u lta t  m it der, im  L au fe  d e r  sp o n tan  
heilenden  H e p a tit is  w a h rn e h m b a ren  L ösung des e x tra h e p a tisc h e n  V ersch lus
ses id en tisch  is t. In  d ieser P eriode  is t ab e r die H a rn u ro b ilin o id a u ssc h e id u n g  

u n ab h än g ig  d a v o n , ob d ie L ösung  des V ersch lusses sp o n ta n  oder au f 
K o rtik o id w irk u n g  z u s ta n d e k o m m t — c h a ra k te ris tisc h  u n d  ü b e re in s tim 
m end .

In  den F ä llen , in  den en  zw ischen dem  Z e itp u n k t d e r  V e rm in d e ru n g  des 
S e ru m -B iliru b in g eh a lts  u n d  der U ro b ilin o id au ssch e id u n g  eine ze itliche  V er
sch iebung  zu b e o b a c h te n  w ar, d ü rf te  es sich n ic h t um  das F eh len  d e r K o rre la 
tio n , sondern  u m  eine d u rc h  den v e rzö g erten  G a lle n fa rb s to ff tra n sp o rt u n d  den 
D arm passage- bzw . R eso rp tio n ss tö ru n g en  v e ru rsa c h te  Z e itv e rsch ieb u n g  h a n 
deln . A uch  diese A n n ah m e  sp ric h t d a fü r, d aß  d er G a lle n tra n sp o rt in  den 
D a rm tra k t  einen  w esen tlich en  F a k to r  d a rs te llt . M it diesem  M echan ism us k an n  
au ch  unsere  E rfa h ru n g  in  E in k lan g  g eb rach t w erd en , n a c h  d e r g leichzeitig  
m it dem  A nstieg  d e r U ro b ilin o id au ssch e id u n g  u n d  d er V e rm in d e ru n g  der 
S e ru m -B iliru b in k o n zen tra tio n  das S e ru m -B iliru b in  — in A n b e tra c h t, d aß  das 
d ire k te  (k o n ju g ie rte ) B iliru b in  in  den  D arm  g e lan g t u n d  im  B lu t lediglich 
das in d irek te  B iliru b in  z u rü ck b le ib t — in d ire k t w ird . D ie G a llen fa rb s to ffen t
lee rung  erfo lg t so m it a u f  in te s tin a le m  W ege w äh ren d  d ie  re n a le  B iliru b in 
ausscheidung  im  Z e itp u n k t der K o rtik o id w irk u n g  a n n e h m b a r led ig lich  die 
F u n k tio n  der S e ru m b iliru b in k o n z e n tra tio n  is t;  m it d ieser B e o b a c h tu n g  können  
au ch  die Ä n d eru n g en  des S erum -B ilirub insp iegels  e rk lä r t w erden .

Die G e s ta ltu n g  d e r U rob ilin o id au ssch e id u n g  sp r ic h t au ß e rd em  d afü r, 
d aß  m it den K o rtik o id e n  eine — w enn  au ch  n u r  v o rü b e rg eh en d e  — V errin 
g erung  der in tra h e p a tis c h e n  O b s tru k tio n  bzw . B eh eb u n g  d e r acholischen 
P h ase  (d. h. die E rsc h e in u n g  des G allen farbsto ffs  im  D a rm tra k t)  e rz ie lt w erden 
k a n n . D ies b e d e u te t  w eder eine a n h a lte n d e  th e ra p e u tisc h e  W irk u n g  noch  die 
b ed eu ten d e  V erk ü rzu n g  des K ran k h e itsv e rlau fe s  [9, 10]. In  d en  b iop tischen  
U n te rsu ch u n g en  v o n  E v a n s  und  M ita rb . [18] w ar in  bezug  a u f  d en  H e p a titis 
v e r la u f  zw ischen d en  m it A C T II b e h an d e lten  u n d  u n b e h a n d e lte n  K ran k en  
kein  U n tersch ied  festzu ste llen .
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Im  S ch rifttu m  fin d e n  sich  einige, unseren  E rg eb n issen  w idersp rechende  
D a te n . Chalmers  u n d  M ita rb . [7] fan d en  z. B . be i ch o lan g itisch e r H e p a titis  
a u f  S te ro id w irk u n g  v e rm in d e r te  S e ru m -B iliru b in w erte  ohne die S te igerung  
d e r  in te s tin a le n  u n d  ren a len  U ro b ilin o id au ssch e id u n g ; K atz u n d  M ita rb . [8] 
b e o b a c h te te n  ferner bei O b s tru k tio n s ik te ru s  n e b s t S e ru m -B iliru b in v e rm in d e 
ru n g  u n v e rä n d e rte  U ro b ilin o id au ssch e id u n g sw erte . D ie v o n  W illiam s  und  
B i l l i n g  [11] bei 2 a k u te n  H e p a tit id e n  d u rc h g e fü h rte n  H arn -U ro b ilin o id - 
u n te rsu c h u n g e n  ze ig ten  —• ä h n lic h  wie u n sere  U n te rsu c h u n g e n  — , d aß  im  
Z e i tp u n k t  der V erm in d eru n g  des S erum -B ilirub insp iege ls  die U ro b ilin o id au s
sc h e id u n g  gesteigert w ar. D a  jed o ch  a n h a n d  des v e rh ä ltn ism ä ß ig  geringen  
A n s tie g s  d er U ro b ilin o id au ssch e id u n g  die q u a n t i ta t iv e  V erm in d eru n g  des 
S e ru m -B iliru b in g e h a lts  — b eso n d ers  in  d e r e rs te n , m it ra sch e r S erum -B ili
ru b in v e rm in d e ru n g  e in h e rg eh en d en  P h ase  d er V iru sh e p a titis  — n ic h t zu e rk lä 
re n  w a r , n ah m en  g en a n n te  V erfasse r an , d aß  in  d e r S te ro id w irk u n g  auch  ein 
a n d e re r , teilw eise u n g e k lä r te r  M echanism us eine R o lle  sp ie lt.

I n  d er L ite ra tu r  f in d e n  sich bezüglich  d e r S te ro id w irk u n g  fo lgende 
g a n g b a re  T heorien : g e s te ig e rte  G allenaussche idung , g en au e r gesag t S icherung  
d e r  f re ie n  G allenpassage; g e s te ig e rte  renale  G a llen fa rb s to ffau ssch e id u n g , v e r 
m in d e r te  B iliru b in p ro d u k tio n  infolge des v e rm in d e rte n  A bbaus d er ro ten  
B lu tk ö rp e rc h e n  bzw. des H äm o g lo b in s ; an d ere  M echan ism en , z. B . V erän d e
ru n g  des M etabolism us. In  d e n  v e rsch iedenen  Ik te ru s ty p e n  k o m m en  außerdem  
w a h rsc h e in lic h  versch iedene  P a th o m e c h a n ism e n  zu r G e ltu n g , u n te r  denen  im  
g eg eb en en  F all der eine o d e r d e r an d ere  im  V o rd e rg ru n d  s te h t.

U n se re  U n te rsu ch u n g en  w eisen  d a ra u f  h in , d aß  bei a k u te r  V iru sh ep a titis  
— zu  d e r  sich zum eist a u c h  in tra h e p a tis c h e r  G allenw egversch luß  gesellt 
a lle r  W ah rsch e in lich k e it n a c h  d e r e rs te rw ä h n te  P a th o m e c h a n ism u s  vo rlieg t. 
D iese r A uffassung  e n tsp re c h e n  au ch  die bei u n se re n  m ech an isch en  e x tra 
h e p a tis c h e n  G allen v ersch lu ß -F ä llen  gew onnenen D a te n . D ie L ite ra tu ra n g a b e n  
sp re c h e n  ebenfalls d a fü r, d a ß  die S te ro id th e ra p ie  bei a k u te r  H e p a titis  den  
S e ru m -B iliru b in g eh a lt v o rn e h m lic h  in  dem  F all h e ra b se tz t , in  dem  auch  die 
S y m p to m e  der in tra h e p a tis c h e n  G allen w eg so b stru k tio n  nachzuw eisen  sind  
[2 ,3 , 19, 2 0 1. W ir hab en  a u c h  e in e  V erm in d eru n g  d er a lk a lisch en  P h o sp h a te a se n - 
a k t i v i t ä t  in  der Z eit d e r S te ig e ru n g  der U ro b ilin au ssch e id u n g  bei gegenw är
t ig e r  V erm in d eru n g  des S e ru m -B iliru b in s  e rfa h re n . D as k a n n  auch  die 
U rsa c h e  v e rsch iedener R e s u l ta te  sein. D aß  es sich in  d iesen  F ä llen  n ic h t um  
e ine  »choleretische« W irk u n g  h a n d e lt , hab en  die b e i H u n d e n  m it G allen fiste l 
d u rc h g e fü h r te n  U n te rsu c h u n g e n  von  S u m m e r s k il l  u n d  M ita rb . [19] bew iesen, 
in  d e n e n  ein a u f  K o rtik o id w irk u n g  zu s tan d ek o m m en d e r A nstieg  d er G allen 
se k re tio n  (d. h. M enge u n d  B iliru b in g eh a lt d er G alle) n ic h t e in d eu tig  n a c h 
zu w eisen  w ar. Die e rw ä h n te n  V erfasser fan d en  fe rn e r  — im  E in k la n g  m it 
u n se re n  E rgebn issen  — be i ex p e rim en te llem  e x tra h e p a tisc h e m  V ersch luß  nach  
S te ro id v e rab fo lg u n g  k eine  V e rm in d e ru n g  des S eru m -B iliru b in sp ieg e ls , w oraus

Acta Medica Academiae Scientiarum Hungaricae 24,  1967



W I R K U N G  D E R  K O R T I K O I D E  A U F  D I E  U R O B I L I N O I D A U S S C H E I D U N G 2 0 5

fo lg t, d aß  die S te ro id e  keine d irek te  W irk u n g  a u f  die H y p e rb iliru b in äm ie  
ausüben .

D ie g le ichzeitige T e ilnahm e eines a n d e re n  M echanism us — z. B . die 
V erän d eru n g  des G a llen farb sto ffm etab o lism u s, w elche E rsch e in u n g  Z erfa ll
p ro d u k te  v e ru rsa c h e n  k a n n , die m it u n se re r  M ethod ik  n ich t n ach w e isb a r sind 

d ü rf te  a n h a n d  d e r d u rch g e fü h rten  U n te rsu c h u n g e n  n ich t ausgeschlossen  
w erden. D iese M öglichkeit e rschw ert g le ichzeitig  au ch  die q u a n ti ta t iv e  A u s
w ertu n g  des G allen farbsto ffw echsels. In  A n b e tra c h t  der R e su lta te  d e r  q u a n 
t i ta t iv e n  H arn -U ro b ilin o id au ssch e id u n g  k ö n n e n  w ir diese F rag e  n ic h t b e a n t
w orten .
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ZEITLICHE SCHWANKUNGEN DER 132J-SPEICHERUNG  
DER SCHILDDRÜSE BEI EUTHYREOSE, H Y PER 
THYREOSE UND BEI VEGETATIVER DYSTONIE

Von

S. F aza kas  und G y . P e t r á n y i

I I . Medizinische K linik (D irektor Prof. Dr. Gy. P E T R Á N Y I) der Mediz'nischen U niversitä t D ebrecen

(E ingegangen  am  19. J a n u a r  1967)

Die Jo d sp e ic h e ru n g  der Sch ilddrüse  w e is t zeitliche Schw ankungen  au f. W äh ren d  
b e i e u th y re o tisch e n  P erso n en  die S c h w an k u n g en  in n erh a lb  der N o rm a lg ren zen  b leiben , 
lassen  sich  b e i H y p e rth y re o tik e rn  o b e rh a lb  d e r  N orm algrenze lieg en d e, gleichfalls 
schw ankende  W e rte  reg is trie ren . Bei P a tie n te n  m it v e g e ta tiv e r N eurose s in d  d ie  S ch w an 
kun g en  b e trä c h tlic h : Im  G egensatz zu  d e m  b e i d e r e rs ten  B estim m u n g  e rm it te lte n  
h y p e rth y re o tisc h e n  W ert, e rg ib t die zw eite  U n te rsu ch u n g  in  de r M eh rzah l d e r  Fä lle  
N o rm alw erte . D ie  U n tersu ch u n g serg eb n isse  e r la u b en  die Fo lgerung , d a ß  d ie  w ied er
h o lte  B e stim m u n g  d e r Jo d sp eich eru n g , n e b s t  g leichzeitiger B erü ck s ich tig u n g  d e r ü b ri
gen B efunde, z u r  D ifferenzierung  de r v e g e ta t iv e n  N eurose  der H y p e r th y re o se  gegen
ü b er, geeignet is t.

W ie d a ra u f  d ie  u n te rsch ied lich en  E rg eb n isse  der bei ein u n d  derse lben  
P erson  w ied erh o lt d u rch g e fü h rten  U n te rsu c h u n g e n  hinw eisen, is t d ie R a d io 
jo d sp e ich eru n g  d e r S ch ilddrüse  n ich t g le ichm äß ig . D a sich in  d iese r F rag e  
keine e inheitliche  A n sch au u n g  en tw ick e lte  w äh ren d  die R ad io jo d sp e ic h e 
rung  d er S ch ildd rüse  n a c h  ein igen V erfassern  [1, 2, 3, 4, 5, 6] ze itlich e  S ch w an 
kungen  aufw eist, s te ll t  die andere  G ru p p e  diese B eo b ach tu n g en  in  A brede  
[7, 8] -  se tz te n  au c h  w ir diesbezügliche U n te rsu c h u n g e n  in  G ang u n d  s te llten
dabei fest, d aß  sich  d ie  R ad io jo d sp e ich eru n g  d e r Schilddrüse bei e u th y re o ti
schen P erso n en  u n te rsch ied lich  g e s ta lte t [9]. D es w eiteren  se tz te n  w ir  unsere  
U n te rsu ch u n g en  bei versch iedenen  p a th o lo g isch en  Z u stän d en  d e r S ch ild d rü se  
u n d  bei an  v e g e ta tiv e r  D y ston ie  le id en d en  K ra n k e n  fo rt. D ie D u rc h fü h ru n g  
der E x p e rim e n te  e r le ic h te rte  der U m sta n d , d aß  inzw ischen das 132J  m it  einer 
H alb w ertsze it v o n  2,4 S tu n d en , in  F o rm  eines en tsp rech en d en  G en e ra to rs  
bez iehbar w u rd e , w esha lb  die B estim m u n g en  n a c h  kurzen  In te rv a lle n  bzw. 
nö tigenfalls au ch  m eh rm als  w iederho lt w e rd en  k o n n ten .

K ran k en m ate ria l u n d  M ethodik

D as K ra n k e n m a te r ia l  g liederte  sich in  3 G ru p p e n : 1. 24 sicher e u th y re o tisch e  P erso n en , 
ohne n eu ro tisch e  A n lage  o d er endokrine  E rk ra n k u n g ; 2. 20 an  ty p isch er H y p e r th y re o se  lei
dende K ra n k en  (die D iagnose  w urde in säm tlich en  F ä lle n  d u rch  k lin isch eu n d  L a b o ra to r iu m s
befunde  b e s tä tig t) ;  3. 19 n eu ro tisch e  P a tie n te n  m it v e g e ta t iv e r  D yston ie  n ich t h y p e rth y re o id e u  
T yps (T ach y k ard ie , S tru m a , A ug en v erän d eru n g en , s ig n ifik a n te r  K ö rp e rg ew ic h tsv e rlu s t m el
d e ten  sich bei den  K ra n k e n  dieser G ruppe n ic h t , im  V ord erg ru n d  der B esch w erd en  s ta n d en  
su b jek tiv e  N e rv o s itä t ,  P a lp ita tio n sg e fü h l, su d o m o to risch e  L ab ilitä t, w ech seln d er A p p e tit, 
lab iler B lu td ru c k  u n d  psy cb o n eu ro tisch e  S y m p to m e).
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B e i d e n  P a tie n ten  w u rd e  d ie  ,32J-S p eich eru n g  d e r S ch ild d rü se  w ied erh o lt b e s tim m t. 
D a  d ie  U n te rsu ch u n g e n  w egen d e r  k u rz e n  H a lb w ertz e it des Iso to p s  v e rstän d lich erw eise  n ic h t  
in  s p ä te r e n  Z eitp u n k ten , z. B . n a c h  24 S tu n d en  d u rc h g e fü h r t  w erden  k o n n ten , w u rd e n  am  
e r s te n  T a g  b e i säm tlichen  K ra n k e n  2 stü n d ig e  S p e ich e ru n g ste s ts  v e rfe rtig t u n d  diese 24 S tu n 
d e n  s p ä t e r  w iederho lt. D ie P a t ie n te n  e rh ie lten  10 — 20 fiC  132J  in  träg erfre ie r F o rm . Z u r 
M e ssu n g  d e r  Schilddrüsen- bzw . O b e rsc h e n k e la k tiv itä t  d ie n te  d e r SlEMENSsehe N u k le o g rap h .

D ie  A usschaltung  d e r e v e n tu e lle n  131J-V eru n re in ig u n g  erfo lg te  m itte ls  D iffe re n tia l-  
D is k r im in a tio n . Die d u rc h sc h n itt lic h e n  v o r  u n d  n a ch  d e r  B e stim m u n g  d e r  S c h ild d rü s e n a k ti
v i t ä t  e r m i t te l t e n  S ta n d a rd a k tiv i tä tsw e r te  d ien ten  zu r E r re c h n u n g  der p ro zen tu a len  S p e ic h e r
ru n g s w e r te .

Ergebnisse

D ie  R e su lta te  d er w ie d e rh o lte n  2 s tü n d ig en  132J -S p e ic h e ru n g sb e s tim m u n - 
gen  s in d  in  Tabelle I  d a rg e s te ll t .

W ie  ersich tlich , w a r  d ie  R ad io jo d sp e ich e ru n g  d er S ch ilddrüse  so g ar bei 
e u th y re o tis c h e n  P ersonen  n ic h t  s tab il. D ie a n lä ß lic h  d er W ied erh o lu n g  d e r  
U n te r s u c h u n g  e rm itte lte n  W e r te  zeig ten , im  V e rh ä ltn is  zu den R e su lta te n  
d e r  e r s te n  R estim m ung  gew isse — allerd ings k e in e  b ed eu ten d e  — A b w ei
c h u n g e n . D er abso lu te  U n te rsc h ie d  zw ischen d en  beiden  W e rte n  b e tru g  
2 ,41 ±  0 ,5 4 % .

B e i den  H y p e r th y re o tik e rn  w aren  b e d e u te n d e re  A bw eichungen  d e r 
W e r te  zu  reg istrieren . D er D u rc h sc h n itt  des zw ischen  den  beiden  E rg eb n issen  
b e s te h e n d e n  abso lu ten  U n te rsc h ie d e s  m a c h te  8,71 i  1,69%  aus. B ei den  
an  v e g e ta t iv e r  D yston ie  le id e n d e n  E u th y re o tik e rn  w ar die zw ischen  den  
b e id e n  W e rte n  b e o b a c h te te  A bw eichung b e re its  au sg ep räg t, d e r a b so lu te  
U n te r s c h ie d  be tru g  12,39 ^  2 ,6 5 % .

W e rd e n  die bei d en  e in ze ln en  G ru p p en  e rz ie lten  R e su lta te  v e rg lich en , 
so l ä ß t  s ich  folgendes fe s ts te lle n : Im  V erh ä ltn is  z u r 1. G ruppe (E u th y re o se ) 
w a re n  d ie  A bw eichungen b e i d e r  2. u n d  3. G ru p p e  (H y p e rth y reo se  bzw . v e g e 
t a t i v e  N eurose) s ig n ifik an t h ö h e r  (P  <  5 % , m it d e r  WiLCOXONschen M ethode  
b e re c h n e t) .  Bei den v e g e ta t iv e n  N e u ro tik e rn  w a re n  zw ar im  D u rc h s c h n it t  
b e d e u te n d e re  A bw eichungen  v o rzu fin d en  als b e i d en  H y p e rth y re o tik e rn , d e r  
U n te r s c h ie d  w ar aber n ic h t  s ig n if ik a n t (P  >  5 % ).

D ie  ang efü h rten  A n g a b e n  sprechen  d a fü r , d a ß  die 132J-A u fn a h m e w e rte  
d e r  S c h ild d rü se  S ch w an k u n g en  aufw eisen; z a h le n m ä ß ig  sind diese S c h w a n 
k u n g e n  b e i den e u th y re o tisc h e n  P ersonen  g erin g , be i den  H y p e r th y re o tik e rn , 
b e s o n d e rs  ab er bei den  a n  v e g e ta tiv e r  N eurose  le id en d en  K ra n k e n  d agegen  
a u s g e p rä g t .

A u ß e r  dieser v e rä n d e rlic h e n  Jo d sp e ic h e ru n g sb e re itsch a ft d er an  v e g e 
t a t i v e r  N eurose  L eidenden , fü h re n  die in  d e r  T ab e lle  I  su m m ierten  D a te n  zu  
e in e r  w e ite re n  in te re ssa n te n  F es ts te llu n g .

L a u t  unserer, bei e in em  großzah ligen  M a te ria l gew onnenen E rfa h ru n g e n  
lie g t d e r  2stünd ige  R ad io jo d sp e ich e ru n g sw ert in  u n se re r  G egend u n te r  n o r 
m a le n  V erh ä ltn issen  u n te r  2 6 % ; d ieser W ert s te l l t  so m it in  der P ra x is  u n se re r  
K lin ik  d ie  obere G renze d e r  N orm  dar. W e rd e n  d em n ach  die A n g ab en  d e r
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Tabelle I

entuelle Ergebnisse der wiederholten 2stiindigen Radiojodspeicherungstests hei E uthyreose , 
Hyperthyreose und vegetativer D ystonie

Nr. Name

2stündige ,3*J-Speicherung 
der Schilddrüse (%)

Unterschied

1. Bestimmung 2. Bestimmung

l. G. F. 14,7 14,4 0,3

2. J .  V. 19,1 19,2 0,1
3. J .  N. 19,4 18,3 1,1
4. L. P . 15,2 21,5 6,3

5. J .  A. 10,8 11,17 %• 0,3

6. M. S. 23,4 22,0 1,4
7. M. B. 8,8 8,9 0,1
8. L. N. 15,4 13,0 2,4

9. L. V. 18,4 17,1 1,3
10. 0 .  B. 16,0 26,4 10,4

11. J .T . 23,7 21,0 2,7

12. A. L. 26,5 22,5 4,0

13. M. G. 20,2 20,1 0,1

14. L. S. 19,5 25,4 5,9

15. J .  L. 13,4 20,7 7,3

16. L. K. 16,1 13,7 2,4

17. I. S. 14,8 14,3 0,5

18. S. B. 20,3 17,6 2,7

19. M. B. 20,6 16,8 3,8

20. J .  S. 22,2 23,6 1,4

21. I. V. 16,7 14,8 1,9

22. S. B. 6,5 7,0 0,5

23. F . M. 6,6 5,8 0,8

24. Á. Sz. 5,8 5,9 0,1

H yperthyreotische Gruppe

25. V. c. 30,5 36,7 6,2

26. I. L. 64,0 62,0 2,0

27. K . K. 37,7 32,0 5,7

28. J .T . 38,0 27,0 11,0

29. S. H. 69,0 78,0 9,0

30. I. s. 50,8 54,1 3,3

31. J .  B. 44,6 34,9 9,7

32. J .  B. 35,5 33,0 2,5

33. J .  s. 83,0 50,0 33,0
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Nr. Name

2stündige 132J-Speicherung 
der Schüilddrüse (% )

Unterschied

1. Bestimmung 2. B estim m ung

34. J .  H . 66,0 56,6 9,4

35. к. B. 36,2 27,1 9,1

36. E. L. 45,0 53,0 8,0

37. R . K . 39,6 42,2 2,6

38. L. O. 52,3 41,0 11,3

39. S. B. 31,1 29,6 1,5

40. G. B. 38,5 39,8 1,3

41. F . T. 55,0 40,0 15,0

42. G. P . 66,6 78,2 11,6

43. .1. K . 34,9 54,5 19,6

44. I. R . 23,8 26,2 2,4

Vegetative neurotische G ruppe

45. L. D. 36,0 13,4 22,6

46. M. G. 64,8 13,2 51,6

47. Z. K . 25,6 38,5 12,9

48. G. Z. 30,0 17,6 12,4

49. J .Y . 39,5 20,7 18,8

50. G. F . 35,0 19,0 16,0

51. L . C. 15,2 28,5 13,3

52. J .  P . 22,0 33,0 11,0

53. G. K . 22,0 12,0 10,0

54. A. B . 18,7 12,2 6,5

55. s .  s . 13,5 18,3 4,8

56. A. D . 13,3 11,6 1,7

57. K . T . 23,5 31,6 8,1

58. M. T . 7,3 30,5 23,2

59. P . I I . 6,5 7,5 1,0

60. M. D . 14,8 20,0 5,2

6 1 . L. K . 11,5 9,5 2,0

62. J .  J . 8,5 13,6 5,1

63. Y. S. 24,8 15,6 9,2

e u th y re o tis c h e n  G ru p p e  u n te r  B erü ck sich tig u n g  d ieser T a tsach e  b e tra c h te t ,  
so e rg ib t  sich, daß  die W e rte  s te ts  in n e rh a lb  d e r  n o rm alen  G renzen  b le ib en , 
d. h . d a ß  d ie e rm itte lte n  R e s u lta te  dem  e u th y re o tisc h e n  Z u stan d  en tsp rech en .
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D ie bei den  H y p e r th y re o tik e rn  re g is tr ie r te n  b ed eu ten d e re  S c h w an k u n 
gen aufw eisenden  R ad io jo d sp e ich e ru n g sw erte  w aren  dagegen , in  säm tlich en  
F ä llen  h ö h er als 26 %  u n d  en tsp ra c h e n  so m it dem  h y p e r th y re o tisc h e n  Z u stan d . 
E in e  A usnahm e b ild e t d e r F a ll v o n  I .  R ., in  dem  w iederho lt e u th y re o tisc h e  
W erte  e rm itte lt  w u rd en ; b e a c h te n sw e rt is t  je d o c h  d ie T a ts a c h e ,d a ß  d ieS ch w an - 
k u n g en  in n e rh a lb  d e r e u th y re o tisc h e n  Zone blieben. F ü r  d ie  b e i H y p e r
th y re o tik e rn  w ied erh o lt V orgefundenen  n ied rig en  R ad io jo d sp e ich eru n g sw erte  
k a n n  eine ia tro g en e  E in w irk u n g  (der P a t ie n t  e rh ie lt v o ran g eh en d  J o d )  v e ra n t
w o rtlich  sein.

A n h an d  d ieser A n g ab en  d ü r f te  d em n ach  b e h a u p te t w e rd e n , d aß  die 
R ad io sp e ich eru n g  d er eu th y re o tisc h e n  u n d  h y p e rth y reo tisch en  P e rso n e n  in n er
halb  d e r G renzen e iner gew issen (eu th y re o tisc h e n  oder h y p e rth y re o tisc h e n )  
Zone b le ib t.

W as dagegen  die e n tsp re c h e n d en  A n g ab en  d er zur 3. G ru p p e  (v eg e ta tiv e  
N eurose) gehörenden  P a tie n te n  a n b e tr if f t ,  lä ß t  sich fe s ts te lle n , d a ß  kon
se q u e n t hohe, h y p e rth y re o tisc h e  W e rte  in  ke inem  der 19 F ä lle  z u  reg is trie ren  
w aren , u n d  d aß  die in  9 d ieser F älle  e rh a lte n e n  S peicherungsw erte  abw echselnd  
in  d ie  h y p e rth y re o tisc h e  bzw . in  d ie eu th y reo tisch e  Zone f ie len . D ie  U n te r
suchungsergebn isse  w eisen som it d a ra u f  h in , d aß  die physio lo g isch en  Schw an
k u n g en  — die sich äh n lich  w ie bei d en  a n d e ren  biologischen P a ra m e te rn  auch 
bei d e r Jo d sp e ich e ru n g  d er S ch ild d rü se  m elden  — hei v e g e ta t iv e r  D yston ie  
zuw eilen  von  d e ra r tig  b ed eu ten d em  A u sm aß  sind , daß v o rü b e rg e h e n d  auch 
a u f  H y p e rfu n k tio n  w eisende W erte  in  E rsch e in u n g  tre ten .

B esp rechung

W ie w ir d a ra u f  in  e iner v o ran g eh en d en  M itte ilung  [9] h ingew iesen  
h ab e n , sch w an k t die R ad io jo d sp e ich e ru n g  d er Schilddrüse — ä h n lic h  w ie die 
ü b rig en  b io logischen P a ra m e te r  — u m  einen  ind iv iduell c h a ra k te ris tis c h e n  
D u rc h sc h n ittsw e rt. B ei den  an  v e g e ta tiv e r  D y sto n ie  bzw. v e g e ta t iv e r  R eg u la
tio n ss tö ru n g  le idenden  K ra n k e n  s ind  d iese S chw ankungen  bzw . d ie  S treu u n g  
b e d e u te n d e r, w elcher U m sta n d  die in  d iesen  F ä llen  zeitw eise e rm it te l te n  p a th o 
log ischen  W erte  e rk lä r t. D ie g e s te ig e rte  L a b ili tä t  der R a d io jo d sp e ich e ru n g  
is t u n te r  den  S y m p to m en  d er v e g e ta tiv e n  D yston ie  k eine  a lle in s teh en d e  
E rsch e in u n g ; w äh ren d  Ma r k  [10] be i d iesen  K ra n k h e itsb ild e rn  e ine  hoch
grad ige  T agessch w an k u n g  des W a sse rh a u sh a lts  vo rfand , is t  n a c h  P oliczer 
u n d  M ita rb . [11] d er V e rlau f d er E K G -K u rv e  au ß ero rd en tlich  u n te rsc h ie d lic h .

Seit den  U n te rsu ch u n g en  von  P o l i t z e r  u n d  M itarb . [12] i s t  es b e k a n n t, 
d aß  be i v e g e ta tiv e r  D y sto n ie  die B es tim m u n g  der R a d io jo d sp e ic h e ru n g  der 
S ch ild d rü se  u n te r  U m stä n d e n  p seu d o -h y p e rth y reo tisch  h o h e  W e r te  erg ib t. 
D ieser U m sta n d  b e d e u te t vom  G e s ic h tsp u n k t der klin ischen D ia g n o s tik  eine
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n ic h t  geringe  Schw ierigkeit, d a  d ie  U n tersuchung  d e r  Jo d sp e ich eru n g  m eistens 
b e i d e r  D iffe ren tia ld iag n o stik  d er v eg e ta tiv en  D y s to n ie  in  F rag e  k o m m t. 
U n se re , sich  au f die L a b i l i tä t  d e r  Jodsp e ich eru n g  b ez ieh en d en  A ngaben  sin d  
e b e n  d esh a lb  auch vom  k lin isc h e n  S ta n d p u n k t b e d e u te n d .

Z u r  D ifferenzierung d e r  v eg e ta tiv en  D y sto n ie  h a t  G r e e r  [13] die W ied er
h o lu n g  d e r R ad io jo d sp e ich eru n g sb estim m u n g  n a c h  v o ran g eh en d er T h y ro id - 
h o rm o n b e la s tu n g  em pfoh len . A n h an d  unserer E rg e b n is se  d ü rfte  jed o ch  an g e 
n o m m e n  w erden, daß  d ie  d iffe ren tia ld iag n o s tisch en  P ro b lem e auch  a u f  e in 
fa c h e re  W eise gelöst w e rd e n  k ö n n en .

W ie  in  Tabelle I  e rs ic h tlic h , ergaben die w ie d e rh o lte n  U n te rsu ch u n g en  
b e i v e g e ta tiv e r  D y ston ie  n u r  e inen  patho log isch  e rh ö h te n  W ert, w äh ren d  d er 
z w e ite  W e rt sich n o rm al g e s ta l te te ;  dies liegt au c h  a u f  d e r H an d , angenom m en, 
d a ß  es sich um  die S c h w a n k u n g  um  einen D u rc h sc h n ittsw e r t h a n d e lt (das 
g e h ä u f te  V orkom m en e x tr e m e r  R andw erte  is t  un w ah rsch e in lich ). Bei den  
H y p e r th y re o tik e rn  ließen  s ic h  dagegen s te ts  p a th o lo g isc h  e rhöh te  S peiche
ru n g s w e r te  verzeichnen. A u s d ie sen  F ests te llu n g en  e rg ib t  sich  die oben e rw äh n te  
d iffe ren tia ld iag n o stisch e  M ög lich k e it: W erden  n ä m lic h  an läß lich  der U n te r 
su c h u n g  d er R ad io jo d sp e ich e ru n g  v erdäch tig  h o h e  W e rte  gefunden, em p fieh lt 
es s ich  d ie  B estim m ung zu  w ied erh o len ; falls die E rg e b n is se  der zw eiten U n te r 
su c h u n g  norm al ausfa llen , so sp r ic h t dies gegen H y p e rth y re o se . Z ur D iagnosti- 
s ie ru n g  d er v eg e ta tiv en  D y s to n ie  bzw. zu r A u ssch ließ u n g  einer ev en tu e llen  
a n fä n g lic h e n  H y p e rth y reo se  s in d  n a tu rg em äß  n o c h  w e ite re  ergänzende U n te r 
s u c h u n g e n  und die so rg fä ltig e  B eo b ach tu n g  des P a t ie n te n  erforderlich . In  einem  
u n s e re r  F älle  (L. D.) e rg a b e n  d ie  an  vier n a c h e in a n d e r  fo lgenden T agen  d u rc h 
g e fü h r te n  2stündigen 132J-S p e ic h e ru n g su n te rsu c h u n g en  folgende R e su lta te : 
36 — 13 — 19—31% . A u ch  d ie se r  eine Fall d e m o n s tr ie r t  e indeu tig  das V e rh a lten  
d e r  Jo d sp e ich eru n g  bei v e g e ta t iv e r  D ystonie.
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FUNCTIONAL DIAGNOSIS OF CHRONIC COR 
PULMONALE, I

P -P U L M O N A L E , P„_3, A N D  T H E IR  P A T T E R N S  O F  R E S P O N S E

B y

F. E n d e r s z , E .  P e k ó , J .  W a l t e r  and T. D ebroczi

STATE H O S P IT A L , BA LA TO N FÜ R ED

(R eceived  F e b ru a ry  16, 1967)

Changes in  th e  P , _ 3-deflections u n d e r v a r io u s  in fluences h a v e  b een  s tu d ie d  in  
p a tie n ts  w ith  c h ro n ic  cor pu lm onale . T h e  P -d e flec tio n s  w ere defined  b y  th e ir  a m p litu d e  
a n d  also by  th e ir  a re a ; th e  la t te r  w as assum ed  to  be  trap e zo id  in  sh ap e  fo r th e  pu rp o se  
o f m easu rem en ts , a n d  w as expressed  in  A sh m a n -u n its . A rea  m ea su re m e n t w as found  
20%  m ore se n s itiv e  th a n  th a t  o f th e  am p litu d e .

The P -p u lm o n a le  was fo u n d  to  re p re se n t a n  im p o r ta n t  sign o f chron ic  cor p u l
m onale. T he a re a  a n d  th e  a m p litu d e  are  be lieved  to  re flec t d iffe ren t g rad es o f  sev erity . 
A  P -pu lm onale  reco g n izab le  by  th e  h e ig h t of th e  d e flec tio n  is he ld  to  be in d ic a tiv e  o f ty p i 
cal advanced  ch an g es. I f  on th e  o th e r  h a n d  a rea  m ea su re m e n t on  exercise  fa ils to  d em o n 
s tra te  a  P -p u lm o n a le , th e n  th e  like lihood  of ch ro n ic  co r p u lm o n a le  is s ligh t. S till, a  p o si
tiv e  response re v ea le d  b y  P -a rea  m ea su re m e n t o n ly , th o u g h  n o t  specific o f  ty p ic a l ch ro n 
ic  cor p u lm o n a le , m a y  n ev erth e le ss  d raw  a t te n tio n  to  th e  p o ss ib ility  o f r ig h t h e a r t  
in v o lv em en t. A t r a n s ito ry  d isap p ea ran ce  o f th e  P -p u lm o n ale  d u rin g  0 2-in h a la tio n  
p o in ts  to  th e  sign ifican ce  of rev ersib le  fac to rs  in  th e  in d u c tio n  of P -p u lm o n ale . A re 
d u c tio n  of P 2_ 3 d u rin g  О »-inhalation  an d  its  in c re a se  on e rg o m etric  exercise  co rro b 
o ra te s  th e  d iag n o sis o f chronic coi p u lm o n a le , h u t  a  la c k  of th ese  responses does n o t  ex
clude its  p resence . B o th  responses p ro v id e  n o t  m o re  th a n  c o n tr ib u to ry  in fo rm a tio n , 
b u t  even to  do so th e y  m u st be e v a lu a te d  to g e th e r. N o  in fo rm a tiv e  v a lu e  of th e  P 2_ 3- 
response to h y p o x ia  w as d em o n strab le . D iscussing  th e  possib le causes o f  th e  P 2_ 3-re- 
sponse to  o x y g e n a tio n  a n d  to  e rg o m etric  te s ts , th e  h aem o d y n am ic  changes h av e  been 
p o in ted  ou t as th e  m o st p ro b ab le  fac to rs .

Tlie e lec tro card io g rap h ic  responses to  exerc ise  h av e  been  u tiliz e d  fo r th e  
id en tif ic a tio n  of c e r ta in  clinical con d itio n s a n d  fo r  th e  assessm en t o f th e ir  
sev e rity . On th e  b as is  o f  ex p erim en ta l an d  c lin ica l evidence, th e  P 2_3-p a tte rn  
is th e  m ost sen sitiv e  e lec tro card io g rap h ic  in d ic a to r  of th e  clin ical cond itio n  
a n d  o f th e  acco m p an y in g  s tra in  in  chronic  co r p u lm o n a le  (ChCP). T h is has 
p ro m p te d  us to  s tu d y  th e  P 2_3-p a tte rn  u n d e r  v a rio u s  co n d itions [1, 2, 3, 4].

Acta Medica Academiae Scientiarum Hungaricae Tomas 24 (3), pp. 213—220 (1967)

M ethod

T he P 2_ 3-deflections w ere defined in  tw o  w ays. T h e  f i r s t  was to  m easu re  th e  a m p litu d e s , 
th e  g en era lly  accep ted  u p p e r  lim it o f th e  n o rm al ran g e  b e in g  0.25 m V i.i s ta n d a rd  lead  I I  and
0.2 m V  in  s ta n d a rd  lead  I I I  [1, 5]. R esponses to  v a rio u s  s tim u li un less a m o u n tin g  to  0 .05 ’mV 
h a v e  n o t  been co n sid ered , since th e  changes reco rd ed  b y  M e l l e r o v i c z  in  h e a lth y  in d iv id u a ls  
as a  re sponse  to  e rg o m e tric  te s ts  o f 100 w , i. e. th e  sam e as w e hav e  been  u sing , w ere in side  th is  
lim it  [6]. Owing to  th e  in fo rm a tiv e  v a lue  a t t r ib u te d  to  th e  tim e  re la tio n s  a n d  th e  sh a p e  o f th e  
P -d e flec tio n  a p a r t  fro m  i ts  a m p litu d e  [1, 7, 8, 9], we h a v e  m easu red  its  a rea  fo rm ed  w ith  th e  
base  line  on th e  basis o f su ita b le  equ atio n s acco rd ing  to  w h e th e r  th e  a rea  te n d e d  to  be t r a p e 
zo id a l o r trian g u la r. R e co rd in g  m u st be fau ltless  to  y ie ld  e v a lu ab le  figures. C a lcu la tio n s w ere 
fa c ili ta te d  b y  using  sq u a re -ru le d  H ellige-type  p aper.
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P a r t  o f  th e  trac ings w as m ad e , in s te a d  of th e  u su a l speed  of 25 m m /sec a n d  a  s ta n d a rd i
z a t io n  o f  1 m V  =  10 m m , a t  50 m m /se c  an d  a s ta n d a rd iz a tio n  o f  1 m V =  15 m m . T h e  figures 
th u s  o b ta in e d  d ivided b y  th re e  g ive  th e  av erag e  no rm al re su lts . T h e  en la rg ed  P -d e flec tio n s  hav e  
th e  s a m e  size o r are even la rg e r th a n  th e  n o rm al T -d eflec tions w hose a rea  is co m p u te d  b y  th e  
w e ll-k n o w n  th o u g h  n o t gen era lly  a c c e p te d  ca lcu la tio n  [10]. T h e  a reas th u s  o b ta in e d  w ere  ex
p re sse d  in  A sh m an -u n its , one A s h m a n -u n it  (AU ) be ing  4, Vsec [10]. T he m e a su re m e n ts  w ere 
re p ro d u c ib le  w ith in  dev ia tio n s o f  ± 0 .2 5  A U . T he d e v ia tio n s  b e tw een  th e  m easu red  a rea s  and  
o f t h e  e n la rg e d  and  of ro u tin e ly  re c o rd e d  P -deflec tio n s w ere also w ith in  0.25 AU.

T h e  P -deflec tion  h a d  to  a t t a in  3 A U  in  th e  U n d  a n d  2 A U  in  th e  I l l r d  s ta n d a rd  lea d  in  
o rd e r  to  b e  reg ard ed  as being  c o n s is te n t  w ith  a  P -p u lm o n ale  p a t te rn ,  a n d  th e  re sp o n ses  w ere 
e v a lu a te d  o n ly  i f  th e  differences a m o u n te d  to  0.50 A U . T hese  c r ite r ia  h av e  been  d e r iv e d  from  
c o m p a r in g  th e  P -a rea  w ith  P -p u lm o n a le  m easu red  b y  c u rre n t p ro ced u re s w here  th e  P -a rea  
ra n g e s  b e tw e e n  3 and  5 A U  in  s t a n d a r d  lea d  I I  an d  b e tw een  2 a n d  3 A U  in  s ta n d a rd  le a d  I I I ,  
th e  m e a n  b e in g  4 and  2.5 A U , re sp e c tiv e ly , w hereas we fo u n d  no  re fe ren ce  to  a P -p u lm o n a le  
b e lo w  3 a n d  2 AU.

T h e  trac in g s  were m ad e  w ith  à  th ree -ch a n n e l d irec t re co rd e r H e liig e -ty p e  E C G , in  th e  
r e c u m b e n t  p o sition , a t  re s t, as w ell a s  in  th e  5 th  m in u te  o f in h a la tio n  o f 0 2, a n d  in  th e  5 th  m in 
u te  o f  in h a la tio n  of a gas m ix tu re  o f  10 p e r  cen t 0 2 a n d  90 p e r  c e n t N , fu r th e rm o re  o n e  m in 
u te  a f te r  a n  ergom etric  ped allin g  t e s t  o f 100 w a tt  u n d e r  O . in h a la tio n .

G rouping  of cases

T h e  m ate ria l was se lec ted  fro m  p a tie n ts  w ith  re sp ira to ry  sy m p to m s. T he p re sen ce  or 
th e  l ik e lih o o d  of cardiac  disease o f  o th e r  k in d , e. g. v a lv u la r  d isease, a r te r ia l  h y p e rte n s io n , 
c o ro n a ry  sclerosis, lesions due to  rh e u m a tic  fac to rs , sca rle t fev er, h y p e rth y ro id ism , e tc . ex
c lu d e d  th e  p a tie n ts  from  th e  s tu d y . S ince  p re m a tu re  b e a ts  a sso c ia ted  w ith  ch ron ic  co r p u lm o 
n a le  a re  a sc rib ed  b y  m an y  c lin ic ian s  to  co ro n ary  sclerosis, p a tie n ts  w ith  a b n o rm a l im pu lse  
p ro d u c tio n  w ere n o t in c luded  e ith e r  [11].

T h e  in v estig a tio n s co m p rised  o u ts id e  th e  p h y sica l ex am in a tio n  a n d  th e  ro u tin e  la b o ra 
to r y  t e s ts ,  fluo roscopy  an d  ra d io g ra p h y , a  12-lead EC G , v i ta l  c ap a c ity , tim ed  v i ta l  c ap a c ity , 
V a ls a lv a - te s ts ,  oxym étrie  m e a su re m e n ts  a n d  exercise ECG.

T h e  p r im a ry  cond ition  w as p u lm o n a ry  em p h y sem a in  90 p e r  cen t o f th e  cases, p re v a 
le n t ly  w i th  chron ic  b ronch itis , k y p h o sco lio s is  in  6 p e r cen t, e x ten siv e  p leu ra l callus o r adh esio n s 
in  4 p e r  c e n t. This, being a  se lec ted  m a te r ia l,  does n o t re fle c t th e  a c tu a l d is tr ib u tio n  o f th e  p r i
m a ry  c au ses  o f ChCP.

T h e  cases were d iv ided  in to  th r e e  g roups, i. e. 1 ty p ic a l co n firm ed  ChCP; 2 q u estio n a b le  
e v id e n c e  o f  ChCP; 3 no ev idence o f c a rd ia c  a b n o rm a lity . Since C hC P has no  specific  sy m p to m  
i ts  d ia g n o s is  w as based on  c lin ical e v a lu a tio n  re ly ing  on  th e  fo llow ing evidence.

1 . T h e  presence of EC G  sig n s c o n sis ten t w ith  th e  p a t t e rn  ju d g ed  b y  V i d i m s k y  [7 ] to  
b e  d ia g n o s tic  o f ChCP. O ur reaso n  fo r  a ccep tin g  these  c rite ria  w as t h a t  th e y  are  b a se d  on  a  sound  
e v a lu a t io n  o f  th e  EC G -changes a cc o rd in g  to  th e ir  significance as w ell as to  th e ir  poss ib le  p a th o -  
m e c h a n ism , an d  su b s ta n tia te d  b y  m e a su re m e n ts  o f in tra c a rd ia l  a n d  in tra p u lm o n a ry  p ressu re .

2. R adio log ical ev idence o f  r ig h t  v e n tr ic u la r  h y p e rtro p h y .
3. V ita l  cap acity  red u ced  to  50 p e r  cen t o f th e  p re d ic te d  v a lu e . T im ed  v i ta l  c a p a c ity  

b e low  50 p e r  cen t of th e  v ita l  c a p a c ity  in  th e  1st sec.
4. A rte ria l 0 2-sa tu ra tio n  less t h a n  80 pe r cen t a t  re s t  o r u p o n  exercise.
5. C ircu la to ry  fa ilure.
T h e  presence of th e  ty p ic a l E C G  p a tte rn  w ith  tw o  a d d itio n a l signs w as co n sid ered  con

c lu s iv e  o f  C hC P. T he p a tie n ts  w ith  n o n e  o f th e  signs 1 to  5 a n d  a n  E C G  n o t su g g estiv e  o f  th e  p a t 
t e r n  in d ic a te d  b y  V i d im s k y ,  m o reo v e r  w ith  a n  a rte ria l 0 2-sa tu ra t io n  exceeding 90 p e r  c e n t a t  
r e s t  w e re  lis te d  w ith  group 3. S igns 1, 4  a n d  5 w ere n ev er fo u n d  to  occur a lone. T h e  fe a tu re s  of 
th e  in d iv id u a l  groups are show n  in  T ab le  I.

I n  a ll o f th e  cases in  g roup  1, d y sp n o e a  a t  re s t, a  ty p ic a l E C G -p a tte rn , im p a ired  v e n ti la 
to r y  fu n c tio n s , a low a rte ria l 0 2- s a tu ra t io n , d ila ta tio n  o f th e  tru n c u s  in te rm ed iu s  o f th e  p u l
m o n a ry  a r te r y  were p resen t a n d  in  th e  m a jo r i ty  th e re  w as ev idence  of congestive  h e a r t  fa ilu re . 
I n  a g re e m e n t w ith  general ex p erien c e  [15] th e  rad io log ica l f in d in g  of a n  en la rg ed  h e a r t  was 
o f te n  a b s e n t .  T he d a ta  p re sen ted  a b o v e  re fe r  to  th e  s ta te  o f re s to red  com p en sa tio n , n o t  o n ly  in 
th e  in te r e s t  o f  co m parative  p o ss ib ilitie s  b u t  also b ecause  th e  in it ia l  co n d itio n  o f  th e  p a tie n ts  
w as in c o m p a tib le  w ith  th e  exerc ise  te s ts .

I n  g ro u p  3, only th e  v e n ti la to ry  fu n c tio n s w ere im p a ired . T h e  rad io log ic  a p p e a ra n c e  of 
a n  e n la rg e d  h e a r t  en coun tered  in  20 p e r  c en t o f th ese  cases w as in v a ria b ly  a sso c ia ted  w ith  a

Acta Medica Acadcmiae Scienliarum Hungaricae 24, 1967



F U N C T I O N A L  D I A G N O S I S  O F  C H R O N I C  C O R  P U L M O N A L E ,  I . 215

Table I

Croup
Mean

age
<y»0

Conges
tive

heart
failure

%

Radio- 
graphic 

evi
dence of 

heart 
enlarge

m ent 
%

ECG evidence оf  ChCP
Mean
vital

capacity
%

Mean
tim ed
v ita l

capacity
%

Mean 
resting 
arterial 
O ,-sa tu

ration  
%

Mean 
arterial 
Oj-satu- 
ration  

on exer
cise 
%

Dyspnoe
during

typical
%

uncer
tain
%

none
%

rest
%

exercise
%

1 54 70 65 100 0 0 49 44 87 80 100 100

2 52 0 65 0 90 10 65 57 91 90 30 100

3 51 0

*ОСЯ 0 0 100 70 67 95 96 0 100

1st =  ChCP ty p ic a l 
2nd =  ChCP q u estionab le
3rd =  P u lm o n a ry  em physem a w ith  no evidence o f ChCP

* =  R e la tiv e  card iac  en largem ent (for d e ta ils , see te x t)

h igh  d iap h rag m  a n d  h o rizo n ta l ro ta t io n  of th e  h e a r t  a n d  i t  d isa p p ea red  w hen  su itab le  d ia 
p h rag m a i co rrec tions w ere app lied .

In  g roup  2, th e  cases y ie ld ed  resu lts  in te rm ed ia te  b e tw ee n  those  o f g roups 1 an d  3.

R esults

T ab le  I I  show s th e  incidence o f P -p u lm o n a le  in  each  group  expressed  in  
m m  an d  A sh m an -u n its , a t  re s t, d u ring  O a-in h a la tio n , a f te r  e rg o m etry  and  
hypox ic  to le ran ce  te s t .  F ig . 1 p resen ts  th ese  d a ta  g raph ica lly .

95

C hCP
ty p ic a l

1 .2 .3 .  4 . 7. 2  3 4

40
И

20
Й 70

- 2 -

20
Я 0 0

W I
20 i

5 5

É
4 5

A z

A 'A
55 55

I
75

35

C hC P
questionable

no e v id e n c e  
o f  ChCP

F ig. 1. D iag ram  of th e  d a ta  seen in  T ab le  I I ,  in  pe r cents 
ChCP =  chron ic  cor p u lm o n a le , m m  =  m illim eter, A U  =  A sh m a n -u n it, 1 =  a t  re s t, 2 =  
du rin g  0 2-in h a la tio n , 3 =  one m in u te  a fte r  ergom etric  te s t ,  4 =  d u rin g  h y p o x ia  to le ran ce  te s t
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T able  i l

P-pulm onale under various conditions, defined in  m m  and in  A sh m a n -u n its

T a b le  I I I  and  F ig . 2 show  th e  P -response  to  0 2-in h a la tio n , exercise  and  
h y p o x ia , expressed in  m m  a n d  in  A sh m an -u n its . O n ly  th o se  cases w ere  classed 
in to  th is  group w here th e  re sp o n ses  of P 2 an d  P 3 w ere o f th e  sam e  d irec tion  
a n d  a t ta in e d  0.5 m m  a n d  0.5 A U , resp ec tiv e ly . In  1 .6%  o f th e  cases th e  changes 
o f  P 2 a n d  P 3 w ere opposed  o r  ev a lu ab le  in  a single lead  only . T h ese  cases w ere 
d e n o te d  as “ u n ch an g ed ” .

T a b le  I I  an d  F ig . 1 c le a rly  i l lu s tra te  th a t  th e  area  o f th e  P -d eflec tio n  
d e fin e s  th e  p a tte rn  of P -p u lm o n a le  m ore sen sitiv e ly  th a n  does i ts  am p litu d e . 
T h is  is  obvious, since m e a su re m e n t o f th e  P -a re a  com prises, in  a d d itio n  to

R eduction o f  
Pj- 3  during  
02 inhalation

Increase o f  Increase o f
P2-3 on erg o - P2_3 on
metric exercise h ypoxia

95%
F ig . 2 . P e rc e n tu a l re la tio n sh ip s o f  th e  responses seen in  T ab le  I I I .  T he co lum ns o v e r th e  h o ri
z o n ta l  lin e  rep re sen t th e  changes in  m m , th o se  below  i t ,  in  A U . C olum n 1 =  g ro u p  of ty p ic a l 
C h C P ; C olum n 2 =  group  o f q u e stio n a b le  C hC P; C olum n 3 =  group  w ith  no ev id en ce  of c a r

d ia c  lesion . AU  =  A sh m a n -u n it, m m  =  m illim eter, C hC P =  chron ic  cor p u lm o n a le
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Table I I I

E va  luable P . , - 3-responses in  the three groups

T otal Reduction Increases Increase
num ber o f P ,_ s «ГР*-» of P ,_ ,

of during 0 2- in ergomet- on
cases inhalation ric test hypoxia

ChCP typ ica l
in m m

2 0
и и 5

in ли 19* 16 6

ChCP qu estio n ab le
in m m

2 0
6 6 3

in AU 10 10 4

in m m 3 6 3
no evidence of ChCP

in AU
2 0

3 8 3

N ote: R ed u ctio n  o f Р 2- з  occurred  in th ree  cases d u rin g  hypoxia, and  an  in crease , in  one 
case during  o x ygenation . T hese  p a rad o x ica l reac tions h a v e  n o t been included. In  th e  o th e r  case» 
w hich do n o t figure  in  th e  T ab le  no evaluable  response w as dem onstrable.

* =  In  th e  2 0 th  case th e  trac in g  was affec ted  b y  severe kyphoscoliosis

th e  am p litu d e  o f th e  w av e  also its  w id th , in  o th e r  w ords its  tim e  re la tio n sh ip s  
a n d , to  a ce rta in  e x te n t , also its  shape . I n  th is  m an n er, ce rta in  signs w h ic h  
se p a ra te ly  m a y  b e  in s ig n ifican t, add  u p  a n d  becom e evaluable .

B o th  m e th o d s  o f m easu rem en t show ed  th e  incidence o f P -p u lm o n a le  
d e fin ite ly  h igher on  exercise  an d  d e fin ite ly  lo w er u n d e r 0 2-in h a la tio n  in  every  
g roup . H y p o x ia  e lic ited  no P -p u lm o n a le  a n d  even  if  i t  d id , th e  ch an g es w ere 
in sig n ifican t an d  n o t  o f  th e  sam e d irec tio n . T ra n s ito ry  d isap p ea ran ce  o f  th e  
P -p u lm o n ale  u n d e r  0 2-in h a la tio n  occu rred  w ith  a rem ark ab le  f re q u e n c y  in  
th e  cases w ith  ty p ic a l ChCP.

T ab le  I I I  w h ich  sum m arizes th e  P 2 _3-responses to  v a rio u s  in flu en ces 
show s th a t  th e  P -d e flec tio n s  becom e d e fin ite ly  sm aller u n d e r th e  in flu en ce  
o f 0 2-in h a la tio n  in  all cases w ith  C hC P, b u t  in  one seven th  on ly  in  g ro u p  3. 
U n d er th e  in flu en ce  o f  h y p o x ia  a s ligh t in c rea se  in  P 2_3 of n e a r ly  th e  sam e 
e x te n t  w as seen in  a few  cases eq u a lly  d iv id e d  over th e  th re e  g ro u p s ; th e re  
w ere only  th re e  in s ta n c e s  in  w hich  th e  d e flec tio n  becam e sm alle r. O n ergo- 
m e tric  exercise an  in crease  in  P 2_3-a m p litu d e  w as recorded  w ith  a s ig n if ic a n t 
freq u en cy  in  ev e ry  g roup .

D iscussion

T he P -d e flec tio n  is th e  re su lta n t o f a tr ia l  depo la riza tion . H y p e r tro p h y  
of th e  a tr ia l m u sc u la tu re  is re flec ted  b y  an  in c rease  in  th e  tran sm iss ib le  p o te n 
tia ls , w hile its  d ila ta tio n  pro longs th e  sp re a d  o f th e  im pulses, th e re  b e in g  no 
p re fo rm ed  c o n d u c tiv e  sy stem  fo r th e ir  tran sm iss io n . These tw o  fa c to rs  are
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b e lie v e d  to  be responsib le  fo r  th e  increase in  a m p litu d e  an d  w iden ing  o f  P 2 _3 
m a k in g  u p  th e  P -p u lm o n a le  p a t te rn  [1, 4 , 12]. C e rta in  au th o rs  ascribe  a sig n if
ic a n t  p a r t  to  positional ch an g es  [7, 13]. T h e  P 2_3 is fa ir ly  sensitive  to  ex erc ise ; 
i ts  a m p li tu d e  m ay in c rease  ev en  on s ta n d in g  u p .

D u rin g  exercise th e  deflec tio n s m a y  b ecom e ta lle r  an d  w ider, b u t  in  
h e a l th y  ind iv iduals a 100 w  lo ad  elicits a ch an g e  o f n o t m ore th a n  0.05 mV 
[14, 6 , 5 , 11].

A s to  th e  in fluence  o f  h y p o x ia , an  in c rea se  o f P 2_3 w as o b se rv ed  b y  
th e  m a jo r i ty  of au th o rs , b u t  th e re  are re p o r ts  on  d im in ished  a m p litu d e s  or 
u n c h a n g e d  findings [5].

T h e  foregoing chan g es a re  poorly  e x p la in e d  b y  th e  theories a sc rib in g  a 
s ig n if ic a n t  p a r t  to  th e  h e a r t  r a te  and , in  g en e ra l, to  sy m p a th e tic  to n e . E v e n  
H o l z m a n n , one of th e  a d v o c a te s  of nervous in flu en ces  has stressed  th e  im p o r
ta n c e  o f  haem odynam ic  fa c to rs  in  th e  P 2_ 3-ch an g es [12].

F ro m  th e  p re sen t fin d in g s  i t  appears t h a t  rev ers ib le  fu n c tio n a l co m p o 
n e n ts  com bine  w ith  irre v e rs ib le  fac to rs (m y o c a rd ia l h y p e rtro p h y , d ila ta tio n )  
in  t h e  p ro d u c tio n  of P -p u lm o n a le , as i l lu s tra te d  b y  th e  o b se rv a tio n  t h a t  in 
C h C P  p a tie n ts  0 2-in h a la tio n  led  to  a t r a n s i to ry  re d u c tio n  to  1/3 or 1/4 o f  th e  
o r ig in a l incidence of th e  c h a ra c te r is tic  p a t te rn .

D efin itio n  of th e  P -a re a  is a m ore re lia b le  in d ic a to r  of th e  P 2_3-p a t te rn  
t h a n  a  sim ple m easu rem en t o f  th e  am p litu d es . B y  defin ing  th e  a reas  i t  w as 
p o ss ib le  to  d em o n stra te  in  n e a r ly  all th e  p a t ie n ts  o f group 1 a P -p u lm o n a le  
a f te r  exercise  and  th e  re d u c tio n  of th e  P 2 _3-a m p litu d e  u n d er 0 2-in lia la tio n . 
A b se n c e  o f these signs th u s  m akes th e  p re sen ce  o f a ty p ica l C hC P  h ig h ly  
im p ro b a b le . In  group 3 n o  P -p u lm o n a le  p a t te r n  w as dem o n strab le  b y  a m p litu d e  
m e a su re m e n t, and  d u rin g  0 2-in h a la tio n  ev en  a rea  m easu rem en t fa ile d  to  
r e v e a l  a  P -pulm onale . O n th e s e  grounds, P -p u lm o n a le  dem o n strab le  b y  a m p li
tu d e  m easu rem en t a t  re s t  o r  b y  area  m e a su re m e n t d u ring  0 2-in h a la tio n  is 
su g g e s tiv e  of ChCP.

S ince  in  group 3 th e  P -a re a s  m easu red  a t  r e s t  an d  u n d er lo ad in g  show ed 
a ty p ic a l  P -pu lm onale  in  a  considerab le  n u m b e r  o f cases an d  an  in c rease  in  
P 2_ 3 d u rin g  exercise w as also  fre q u e n t w hereas its  decrease u n d er 0 2- in h a la tio n  
w a s  r a r e ,  one m ay well a sk  w h e th e r  these  ch an g es  are  patho log ic  o r s till in  th e  
ra n g e  o f  th e  norm al re su lts  y ie ld ed  by  an  a ll to o  sensitiv e  m e th o d . T o  decide 
th is  q u e s tio n  we s u b m itte d  15 h e a lth y  v o lu n te e rs  to  th e  sam e in v e s tig a tio n s  
w i th o u t ,  how ever, b e ing  a b le  to  d e m o n s tra te  a  P -p u lm o n ale  b y  a n y  o f  th e  
te s t s  o r  an  evaluable P 2 _3-re d u c tio n  u n d e r 0 2-in h a la tio n . T here w as o n ly  one 
e x c e p tio n  w here an  in c rea se  in  th e  P 2_3-a rea  o v e r 0.5 A U  was o b serv ed  a fte r  
e rg o m e try .

T h e  correlations b e tw e e n  th e  rad io lo g ica l ap p earan ce  of th e  tru n c u s  
in te rm e d iu s  of th e  p u lm o n a ry  a r te ry  a n d  th e  P 2_3-p a tte rn  seem ed  w o rth  
s tu d y in g , since D e j d a r  fo u n d  a defin ite  d ire c t co rre la tio n  betw een  th e  w id th
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of th e  tru n c u s  in te rm ed iu s  m easu red  in  m m  on th e  te le rad io g ram  a n d  m ean  
p u lm o n a ry  a r te ry  p ressure . H e fo u n d  no  p u lm o n a ry  h y p erten s io n  in  h is m a te 
ria l w hen  th e  tru n c u s  in te rm ed iu s m e a su re d  less th a n  14 m m , w hile  in  all of 
th e  cases w here  i t  w as w ider th a n  16 m m  m ean  p u lm o n ary  a r te ry  p re ssu re  was 
ab n o rm a lly  h igh  [15]. W here  a P -p u lm o n a le  w as p resen t, th e  tru n c u s  in te r 
m ed ius w as in v a ria b ly  d ila ted , on th e  o th e r  h a n d  in  8%  o f th e  cases w ith  
ev a lu ab le  P 2 _3-responses its  w id th  w as in  th e  no rm al range.

T he above re su lts  to g e th e r w ith  th o se  o f th e  Y alsa lv a -te s t to  be  d iscussed  
in  th e  follow ing p a p e r  ju s tify  us in  re g a rd in g  a P -pu lm onale  d e te rm in e d  by  
m easu rem en t o f  th e  am p litu d e  a t  re s t  a n d  red u c tio n  of th e  a re a  d u rin g  0 2 - 
in h a la tio n , as in d ic a tiv e  o f ChCP. O th e r  m e th o d s  of m easu rin g  th e  P -a rea  
are  also su ited  fo r th e  d em o n stra tio n  o f a ca rd ia c  o v erstra in , b u t  th e se  m e th o d s 
are  n o t  specific enough , being  liab le  to  in d ic a te  m ino r changes as w ell.

T he response  to  0 2-in h a la tio n  a n d  t h a t  to  exercise are  o f th e  sam e  d iag 
n o stic  va lu e . T h e ir p resence confirm s th e  d iagnosis o f ChCP w h ereas  th e ir  
absence calls fo r fu r th e r  in v es tig a tio n s  w ith o u t being  decisive in  a n y  d irec tion . 
B y  th em selv es , th e  te s ts  only  c o rro b o ra te  th e  evidence. As to  th e  response 
o f P 2 _3 to  h y p o x ia , we found  i t  o f no  d iag n o stic  value.

W h a t a re  th e  possib le e x p la n a tio n s  fo r th e  P 2_3-ch an g es?  T h e  figu res 
fo r th e  h e a r t  r a te  an d  tho se  fo r th e  P -ch an g es  rev ea led  defin ite  n u m e ric a l co rre 
la tio n s. In  m o st cases, P 2_3 d im in ished  a n d  th e  h e a r t ra te  w as re d u c e d  by 
10 p e r m in u te  u n d e r  0 2-in h a la tio n , w hile  exercise  was fo u n d  to  cau se  an 
in crease  in  P 2_3 an d  genera lly  also in  th e  h e a r t  r a te  in  a g rea t n u m b e r  o f  cases. 
W h en , how ever, th e  changes in  f req u en cy  w ere  in d iv id u a lly  s tu d ie d  in  re la tio n  
to  th o se  of th e  P -deflec tions, no  close co rre la tio n  was found . R e d u c tio n  of 
P 2_3 w as n o t n ecessarily  associa ted  w ith  a slow ing of th e  h e a r t  r a te . O n th e  
o th e r  h an d , an  increased  P 2_3 w as fo u n d  in  a n u m b er of cases w ith  th e  h e a r t 
ra te  rem ain in g  a t  80 p e r m in , an d , co n v erse ly , a frequency  o f  110 to  120 
p e r m in  w as reco rded  w ith o u t a n y  in c rease  in  th e  P 2_3. O n th e se  g rounds, 
h e a r t  ra te  m ay  be e lim in a ted  from  th e  possib le  facto rs.

I t  is well know n  th a t ,  w hen th e  c irc u la to ry -re sp ira to ry  re se rv e  is red u ced , 
increased  ca rd iac  o u tp u t  co n seq u en t u p o n  exercise goes h a n d  in  h a n d  w ith  
an  increase  in  p u lm o n a ry  a r te ry  p re ssu re . In c rea se  in  b o th  v en o u s r e tu rn  and  
p u lm o n a ry  v ascu la r  res is tan ce  m a y  le a d  to  a tr ia l eng o rg em en t a n d  su b 
seq u e n t d ila ta tio n . O n th e  o th e r h a n d , as i t  is know n from  E u l e r ’s stu d ies , 
a r te r ia l 0 2-sa tu ra tio n  is inverse ly  re la te d  to  p u lm o n a ry  a r te r ia l p re ssu re  and 
s im ila r co rre la tio n s w ere recorded  in  re sp e c t to  ce n tra l venous p re ssu re  [16, 17]. 
I n  th is  m an n e r, th e  r ig h t a tr iu m  m a y  b e  re liev ed  to  a c e r ta in  deg ree  as an  
in d irec t consequence of im proved  o x y g e n a tio n . O n th e  sam e g ro u n d s , increase  
o f P 2_3 in  response  to  exercise m ay  be  co n n ec ted  w ith  a d ila ta tio n  o f  th e  rig h t 
a tr iu m  due to  th e  accom pany ing  h igh  p re ssu re , while, converse ly , red u c tio n  
in  P 2_3 is a t tr ib u ta b le  to  a fall in  p u lm o n a ry  a rte ria l and  c e n tra l  venous
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p re ssu re s , reducing  also  th e  reversib le  d i la ta tio n  o f  th e  rig h t a tr iu m . In  th e  
l ig h t o f th is  in te rp re ta t io n , increase  of P 2_3 as a response  to  exercise w ould  
h a v e  a m ean ing  o f r ig h t  h e a r t  s tra in , w hile re d u c tio n  of th e  d eflec tion  u n d e r  
О 2 - in h a la tio n  w ould  b e  suggestive  o f an  e le v a te d  in tra a tr ia l  res tin g  p re ssu re  
h a v in g  led  to  a rev e rs ib le  a tr ia l  d ila ta tio n .

T h e  ex istence o f  a co rre la tio n  b e tw een  th e  P 2_3-changes and  o x y g en a tio n  
is s u p p o r te d  b y  o u r o b se rv a tio n  th a t  in  th o se  cases w here a tr a n s i to ry  d is 
a p p e a ra n c e  of th e  P -p u lm o n a le  w as reco rded  d u rin g  0 2-inh a la tio n , in crease  in  
O a-s a tu ra tio n  av e rag ed  14%  w hereas in  th o se  w h ere  th e  p a tte rn  re m a in e d  
u n c h a n g e d , th e  av e rag e  rise  in  0 2-sa tu ra tio n  a t ta in e d  7%  only, i.e. h a lf  th e  
fo rm e r fig u re . T he P 2 _3-changes an d  0 2-sa tu ra tio n  rev ea led  sim ilar co rre la tio n s  
also w h ere  no P -p u lm o n a le  w as p resen t. W h e re  0 2-in h a la tio n  p ro d u c e d  an  
e v a lu a b le  P 2 _3-re d u c tio n , in crease  in  0 2-s a tu ra t io n  a t ta in e d  10% , w h ereas  in  
th e  ab sen ce  of an y  resp o n se , th e  average  rise  in  0 2-sa tu ra tio n  d id  n o t  ex 
ceed  5 % .
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FUNCTIONAL DIAGNOSIS OF CHRONIC 
COR PULMONALE, II

D IM IN U T IO N  O F  T H E  C A R D IA C  SH A D O W  IN  R E S P O N S E  TO  M O D IF IE D  V A LSA LV A -
T E ST

By

F . E n d e r s z , J .  W al t er  and T . B á b ic z k y

STATE H OSPITAL, BA LA TO N FÜ RED  

(R eceived  F e b ru a ry  16, 1967)

In  o rd er to  im p ro v e  th e  chances for th e  X -ra y  d iagnosis o f chronic cor p u lm o n a le , 
th e  V a lsa lv a -te s t has been  a d a p te d  to  s ta n d a rd  c o n d itio n s p ro v id in g  fo r re liab le  e v a lu a 
tio n  b y  co m p arin g  th e  q u o tie n ts  o f th e  o rig ina l h e a r t  size b y  th a t  d u rin g  th e  te s t  b o th  
a t  re s t  (R V i) a n d  a f te r  exercise (EVi). V alues o f V i below  12 a re  suggestive  o f chron ic  
cor pu lm o n a le  w h ereas th o se  over 13 p rac tica lly  ru le  o u t  i ts  possib ility . F ig u res be tw een  
12 an d  13 are  re g a rd e d  as u n in fo rm a tiv e . T h e  d ecrease  in  E V i in  re la tio n  to  R V i is in te r 
p re te d  as a n  u n fa v o u ra b le  sign.

T he m e th o d  is n o t  specific  and  does n o t len d  i ts e lf  to  th e  d iffe ren tia tio n  o f ch ro n 
ic cor p u lm o n a le  fro m  o th e r  h e a r t  a ffections, b u t  a close co rre la tio n  has b een  fo und  
b e tw een  th e  resp o n se  to  th e  V a lsa lv a -te st a n d  th e  p rev io u s ly  discussed  changes o f  th e  
P 2_ 3-p a tte rn .

Radiographic evidence of right ventricular hypertrophy or d ilatation  
in chronic cor pulm onale (ChCP), particularly in its early stages, m ay be 
difficult to obtain. L e n Ègre  et al. for instance w ere unable to  id en tify  the  
in itia l changes o f C hC P in more than 20 per cen t o f their cases in sp ite  of 
applying a m ost reliable technique [1]. The reason for th is failure lies outside  
the obvious factors w hich m ake the radiographic v isualization  of early changes 
o f th is nature m ost uncertain, m ainly in the prevalence of functional changes 
over structural ones in th e  early stages o f C hC P. In  an attem pt to  m ake use 
of these functional changes for diagnostic purposes, we have studied the car
diac shadow under th e  effect o f the VALSALVA-manoeuvre as m odified  by  
T e s c h e n d o r f . I f  V a n  L a e r  is correct in his observation  that the reduction  
of venous return and th e  resulting dim inution o f th e  cardiac shadow is m arked  
in pulm onary em physem a w hile indistinct in right heart failure, w e m ay gain 
a valuable clue to  th e  im portant and difficu lt question , nam ely w hether in 
a given  case the sym ptom s are due to ven tila tory  failure alone or w hether  
the heart is also in vo lved  [2, 3, 4 ]. Before describing the procedure, we m ust, 
how ever, em phasize th a t it  is in no w ay specific o f  th e  process, and m ust there
fore be evaluated in its full clinical context in order to  be inform ative.

T here  ex ists  a s u b s ta n tia l  l ite ra tu re  on th e  V a lsa lv a -te s t b u t  ev idence 
is ra th e r  con flic ting . S ince in  ou r view  th e  c o n tra d ic tio n s  m ay  be  p a r t ly  due 
to  th e  lack  o f u n ifo rm ity  in  th e  tech n iq u es a n d  in  th e  in co n sis ten cy  o f  th e  
c r ite r ia  o f e v a lu a tio n , w e so u g h t to  estab lish  s ta n d a rd  cond itions an d  to  elim i
n a te , as fa r as possib le , a n y  su b jec tiv e  fa c to r  in  e v a lu a tio n .
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M ethod

A fte r  a  f ro n ta l a n d  a sa g itta l  te le ro e n tg en o g ra m , th e  V a lsa lv a -te s t is  p e rfo rm e d  b y  h a v 
in g  th e  p a t i e n t  d isp lay  a n  e ffo rt o f  40 m m  H g  checked  b y  a  m an o m e te r sp ec ia lly  a d a p te d  for 
th is  p u rp o se . In  th e  3rd second  o f th e  te s t  a ra d io g ra m  is m ad e  in  th e  f ro n ta l  p lan e  fo llow ed  by  
a n o th e r  V a lsa lv a - te s t an d  a  s a g itta l  ra d io g ra m . T h is t im in g  h a s  been  chosen  fo r tw o  reasons. 
F i r s t ,  d im in u tio n  of th e  ca rd iac  sh a d o w  d u rin g  th e  te s t  beg ins w ith  th e  r ig h t  v e n tr ic le  a n d  does 
n o t  in v o lv e  th e  le ft ven tric le  b e fo re  th e  end  of th e  3 rd  second. T h en  th e  d im in u tio n  o f  th e  h e a r t 
sh a d o w  is  com ple te  du rin g  one or tw o  h e a r t  re v o lu tio n s  [15]. I n  th is  m an n e r, th e  changes of 
th e  r ig h t  v e n tric le  can  be  v isu a lized  w ith in  th e  f ir s t  th re e  seconds w ith o u t be ing  con fu sed  by  
th o se  o f  th e  le ft ven tric le . T h e  o th e r  re aso n  w as t h a t  even  p a tie n ts  in  a  p o o r c o n d itio n  h a d  no 
d if f ic u lty  in  d isp lay ing  a n  e x p ira to ry  e ffo rt o f  40 m m  H g  fo r su ch  sh o rt p eriods. F o r  th e  e v a l
u a tio n  o f  th e  responses w e u sed  L u d w i g ’s v o lu m e tric  ta b le  fro m  w hich  th e  re sp ec tiv e  vo lum es 
c an  b e  r e a d  on  th e  grounds o f th e  su m  o f th e  tra n s v e rsa l a n d  sa g itta l  d iam e te rs . S ince, how ever, 
d u r in g  th e  te s t  th e  card iac  sh ad o w  m a y  d im in ish  n o t  o n ly  in  w id th , b u t  also in  h e ig h t we used  
fo r v o lu m e  e stim a tio n  in  th e  f ro n ta l  p lan e , in  a d d itio n  to  th e  tran sv e rsa l d ia m e te r  in d ic a te d  
b y  L u d w i g  w hich rep re sen ts  th e  su m  o f th e  r ig h t  a n d  le f t m ed ian  d iam e te rs , also th e  lo n g itu 
d in a l d ia m e te r  for th e  m ea su re m e n t o f  th e  vo lum es, ta k in g  th e  a r ith m e tic  m ean  o f th e  tw o  v a l
ues. T h e  V a lsa lv a -te s t w as th e n  re p e a te d  a f te r  M a ste r’s tw o -step  te s t. T he d iffe ren ce  be tw een  
th e  o r ig in a l volum es an d  th o se  m e a su re d  d u rin g  th e  V a lsa lv a -te s t w ere expressed  in  q u o tie n ts  
a n d  th e  te n fo ld  va lue  o f th ese  w as ta k e n  fo r th e  re s tin g  V a lsa lv a -in d ex  (R V i) a n d  fo r  th e  e x e r
t io n a l  V a lsa lv a -in d ex  (EV i). O n th e  b asic  rad io g ram  w e g en era lly  fin d  no s ig n ific a n t d ifference 
b e tw e e n  th e  m easu rem en ts on  th e  b a s is  o f th e  lo n g itu d in a l o r o f th e  m ed ian  d ia m e te r . Since 
b y  th e  p re s e n t  m eth o d  we co m p are  v a lu e s  w ith  one a n o th e r  in  th e  sam e su b je c t, th e  sources of 
e r ro r  in h e r e n t  in  th e  o rig inal p ro c ed u re  o r i ts  m o d ifica tio n  do n o t e n te r  in to  c o n sid e ra tio n . 
I n  o th e r  w ords — an d  th is  m u s t b e  stressed  — th e  ab so lu te  volum es are  le f t o u t  o f  acco u n t 
[ 3 ,4 ,  7, 8, 9].

T h e  p a tie n t  m ate ria l w as id e n tic a l w ith  t h a t  o f  th e  p rev ious s tu d y ;  th e  in d iv id u a l 
g ro u p s  h a v e  also been p re sen te d  in  P a r t  I.

I n  ea rlie r stud ies i t  w as fo u n d  t h a t  w h en  th e  V i w as m ore  th a n  13, th e  h e a r t  w as in v a r i
a b ly  i n ta c t ,  on  th e  o th e r h a n d , w h en  i t  w as less th a n  12, th e  h e a r t  was d e fin ite ly  a ffe c te d . V alues 
b e tw e e n  11 a n d  12 m ay  occur in  in ta c t  o r a ffec ted  h e a r ts  a like  an d  are fo r th is  re a so n , u n in fo r
m a tiv e . A s to  th e  re la tio n sh ip s b e tw e e n  RVi a n d  EV i, we re g ard e d , in  a cco rdance  w ith  T e s c h e n 
d o r f  a n d  R e i n d e l l , th e  f in d in g  o f  a n  E V i exceed ing  th e  R V i, i. e. a  m ore  d is t in c t  re d u c tio n  
o f th e  h e a r t  shadow  on  exercise  th a n  a t  re s t , as a  fav o u ra b le  sign  in d ica tin g  n o rm a l h e a r t  fu n c 
t io n  w h e re a s  th e  reverse  w as re g a rd e d  as a sign  of ca rd iac  d is tu rb an ce  [3, 4, 5, 6].

R esu lts

T a b le  I  sum s up  th e  n o rm a l, in ev a lu ab le  an d  ab n o rm al v a lu es  in  resp ec t 
to  th e  re la tio n s  betw een  RV i a n d  EV i. F ig . 1 p re sen ts  a d iag ram  o f th e s e  values 
e x p re sse d  in  per cen ts . T h e  co m b in a tio n  o f  th e m  w here b o th  R V i a n d  EVi 
w ere  below  12 was re g a rd e d  as d e fin ite ly  a b n o rm a l; a RV i b e tw e e n  12 and  
13 w ith  a n  EVi below  12, as s lig h tly  a b n o rm a l; RVi an d  EV i over 13, o r a RVi 
b e tw e e n  12 and  13 w ith  an  E V i over 13, as n o rm al. A ny  o th e r  co m b in a tio n  was 
e x c lu d e d  from  th e  e v a lu a tio n . T he g roup  s tr ic t ly  reg a rd ed  as n o t  ev a lu ab le  
w as co n fin ed  to  th o se  cases w h ere  RV i an d  E V i w ere b o th  b e tw een  12 an d  13. 
T h e se  acco u n ted  fo r 10%  o f  th e  to ta l  m a te ria l. O n closer an a ly s is , th e  o th e r 
e x c lu d e d  cases y ielded  in fo rm a tio n  to  be d iscussed  on a la te r  occasion .

I n  G roup 1 (ty p ica l C hC P), b o th  RVi an d  EV i w ere d e fin ite ly  ab n o rm a l 
in  a ll o f  th e  cases. S lig h tly  a b n o rm a l va lu es  w ere fo u n d  in  G roup  2 (d o u b tfu l 
d iag n o sis) and  G roup 3 (no ev idence  o f ca rd iac  lesion), an d  n o rm a l va lu es  in  
G ro u p  3 w ith  th e  ex cep tio n  o f  one case belong ing  to  G roup 2. I n  G roup  3,
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Table I

Valsalva-index according to groups

Group

Vi

definitcly| slightly 

abnorm al

Vi
norm al

Vi
not

evalu
able

Total

T y p ical ChCP 2 0 0 0 0 2 0

ChCP d o u b tfu l 9 3 l 7 2 0

No ChCP 6 1 6 7 2 0

T ota l 35 4 7 14 60

ChCP =  chronic cor pu lm onale  
Vi =  V alsa lva-index

Ц  Vi definitely abnormal 

£2 Vi slightly abnormal 

IXl Vi not evaluable 

Vi normal
No evidence 

o f ChCP
Fig. 1. P e rc en tu a l re p re se n ta tio n  of T able  I. ChCP =  c h ro n ic  cor p u lm onale , Vi =  V alsa lva-

index

norm al, ab n o rm a l, an d  u n in fo rm a tiv e  va lu es  w ere  eq u a lly  re p re se n te d  w hereas 
in  G roup 2, th e  v alues w ere ab n o rm al in  m o re  th a n  50 p er cen t o f th e  cases.

T ab le  I I  show s th e  m ean  index  v a lu es  o f  th e  d iffe ren t ca tego ries of 
ev a lu a tio n  in  re la tio n  to  th e  in d iv id u a l g roups.

Table I I

M ean resting und exertional Valsalva-index values according to groups

Abnormal N o t evaluable Norm al

Group mean
RVi

mean
EVi

m ean
RVi

mean
EVi

mean
RVi

mean
EVi

T ypical ChCP 10.9 10.7 — — — —

ChCP doub tfu l 11.1 11.1 12.0 12.3 13.2 13.3

No ChCP 11.1 11.5 12.5 12.5 13.0 13.9

ChCP =  chronic cor pulm onale 
RVi =  restin g  V alsalva-index  
EVi =  exertiona l V alsalva-index
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I n  G roup  1, th e  m ean  w a s  below  11 in  m o s t cases, an d  EV i w as low er 
th a n  R V i. In  o ther w ords, d im in u tio n  of ca rd iac  vo lu m e w as less in te n s iv e  
on e f fo r t  th a n  a t  re s t. In  G ro u p  2, m ean  R V i an d  E V i w ere id e n tic a l, b o th  
b e in g  m o re  th a n  11. In  th is  g ro u p  EV i values h ig h e r o r low er th a n , o r e q u a l to  
th e  R V i fig u res  were eq u a lly  re p re se n te d . In  G roup  3 th e  ab n o rm a l V i-values 
a re  lik ew ise  over 11, b u t  sh o w ed  an  u p w ard  te n d e n c y , an d  d im in u tio n  o f  th e  
c a rd ia c  shadow  was m ore p ro n o u n c e d  a fte r  e x e rtio n  th a n  a t  re s t. O n th e  o th e r 
h a n d , i f  th e  values w ere n o rm a l, E V i alw ays exceeded  RVi. I n  o rd e r to  check  
th e  p o ss ib le  sources of e rro r in v o lv e d  b y  th e  te c h n iq u e  an d  b y  th e  e v a lu a tio n  
o f th e  f in d in g s , we h av e  r e p e a te d  th e  te s ts  in  10 cases, b rin g in g  th e  to ta l  to  
30 e x a m in a tio n s  th a t  is 3 te s ts  p e r  p a tie n t. T h e  te s ts  w ere rep ro d u c ib le  w ith in  
d e v ia tio n s  o f 0.5 Vi. As show n in  T ab le  I I ,  even  w h en  th e  sources o f e rro r  w ere 
ta k e n  in to  accoun t, th e  in d iv id u a l categories re m a in e d  p ra c tic a lly  th e  sam e. 
89 p e r  c e n t  o f th e  V i-values co n sid e red  n o rm al o r ab n o rm a l re m a in e d  in  th e  
sam e  g ro u p s  even a fte r  a d ju s tm e n ts  h a d  been  m ad e  fo r ^ 0 .5  lim its  o f  e rro r , 
a n d  o n ly  11 p er cen t p assed  in to  G roup 2. T ra n s la te d  in to  p ra c tic a l te rm s  th is  
m e a n s  t h a t  abnorm al V i-va lues o v e r 11.5 or n o rm a l v a lu es  below  13.5 likew ise 
call fo r  re p e a te d  te s ts .

D iscussion

R e d u c tio n  of th e  c a rd ia c  shadow  in  re sp o n se  to  th e  V a lsa lv a -te s t and  
th e  a b se n c e  of th is  response  m u s t  be  in te rp re te d  in  th e  lig h t of tw o  fac to rs , 
viz. r e d u c tio n  of th e  ven o u s r e tu r n  an d  a d a p ta t io n  o f th e  h e a r t  m uscle  to  
th e  r e d u c e d  blood vo lum e. I f  th e  m y o card iu m  is in ta c t ,  th e  h e a r t  becom es 
sm a lle r  w h ile  ad ap tin g  its e lf  to  th e  reduced  b lood  v o lum e. If, how ever, e lev a ted  
c e n tra l  v en o u s  pressure in te r fe re s  w ith  th e  re d u c tio n  o f venous r e tu rn  o r if, 
as a  consequence  of h y p e r tro p h y  or d ila ta tio n , th e  v en tr ic le  is in c a p a b le  of 
su ff ic ie n t co n trac tio n , th e  V a lsa lv a - te s t fails to  e lic it an  a d e q u a te  re d u c tio n  
o f  t h e  h e a r t  shadow  [2, 4 , 7, 10].

T h e  h e a r t  m eets th e  s t r a in  of exercise w h ich  does n o t exceed i ts  p e r 
fo rm a n c e , b y  m obilizing re se rv e  b lood  an d  th u s  d im in ish ing  its  vo lum e. 
If , h o w e v e r , i t  has becom e in su ffic ie n t e ith er b ecau se  th e  s tra in  is to o  excessive 
o r b e c a u s e  i t  has suffered  sev e re  dam age, i t  w ill re sp o n d  to  th e  V a lsa lv a -te s t 
w ith  f u r th e r  d ila ta tio n  [5, 3, 11].

O n  th e  basis of th e se  c o n sid e ra tio n s  we m a y  assum e th a t  an  ab n o rm a l 
V i-p a t te rn  reflects a h a e m o d y n a m ic  d is tu rb a n c e  m ad e  u p  of ab n o rm a l venous 
r e tu r n  a n d  affected  m y o c a rd ia l a d a p ta tio n .

A  decrease of Vi on ex e rc ise  in d ica tes  t h a t  th e  h e a r t  is in a d e q u a te  to  
m ee t t h e  s tra in  of increased  v o lu m e  an d  p ressu re , th e re fo re  i t  d ila te s  fu r th e r  
in s te a d  o f  decreasing its  v o lu m e . If, how ever, Vi increases on exercise, e ith e r  
th e  h e a r t  s till possesses m o b iliz ab le  energy , o r th e  s tra in  — in  th is  case  p u l
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m o n ary  h y p e rte n s io n  — subsides. In  th e  cases u n d e r  s tu d y  th e  o n ly  possib le  
m echan ism  o f th is  l a t t e r  e v e n tu a lity  can  b e  a m o re  favourab le  d is tr ib u tio n  of 
v e n tila tio n  an d  c irc u la tin g  blood. In  re s p ira to ry  disease, red u ced  v e n tila tio n  
a t  re s t  m a y  a c c e n tu a te  th e  d isc rep an cy  b e tw e e n  v e n tila te d  and  p e rfu se d  areas 
w hich is a decisive fa c to r  o f  h y p o x ia  a n d  p u lm o n a ry  h ypertension . T h e  changes 
of v e n tila tio n  an d  c ircu la tio n  in d u ced  b y  e x e r tio n  m ay  reduce th e  d isc rep an cy  
an d  relieve  in  th is  m a n n e r  th e  s tra in  o f  p u lm o n a ry  h y p erten sio n , as re flec ted  
by  an  increase  in  th e  E V i-value  [12].

T h e  Yi supp lies no in d ica tio n  co n cern in g  th e  ex ten t to  w h ich  each  of 
these  fac to rs  p a r t ic ip a te  in  a fav o u rab le  re sp o n se  o f th is  k ind . I t  is , how ever, 
th e  o v era ll effect o f  th e se  fac to rs r a th e r  th a n  th e ir  in d iv id u a l sh a re  w hich 
concerns th e  p ra c tic a l issue u n d e r s tu d y .

T h e  V i-values w ere assessed in  th e  fo llow ing  m anner: a R V i w ith  an 
EV i below  12 w as re g a rd ed  as d e fin ite ly  a b n o rm a l, in  th e  p re s e n t m a te ria l 
sugg estiv e  o f C hC P. A n u n in fo rm a tiv e  R V i o f  12 to  13 w ith  an  E V i less th a n  
12 w as reg a rd ed  as s lig h tly  ab n o rm al p re su m in g  th a t  th e  ab n o rm a l reg u la tio n  
only  m an ifests  i ts e lf  w hen  a s tra in  is im p o sed  on  th e  hea rt. In  o u r  experience, 
all th e  cases w ith  C hC P c a rry  ab n o rm a l Y i-v a lu es , on th e  o th e r h a n d  n o rm al 
v a lues ran g in g  o v e r 13 a re  never e n c o u n te re d  in  ty p ica l ChCP a n d  h a rd ly  
ever in  d o u b tfu l cases. T herefo re, a n o rm a l V i p rac tica lly  excludes th e  possi
b ility  o f ChCP.

W ith in  th e  in d iv id u a l categories, we re g a rd  i t  as a fav o u rab le  sign  if  th e  
EVi exceeds th e  R V i, an d  vice versa . A V i below  11 is assessed as a sign  of 
sev e rity .

S ince ab n o rm a l V i-values w ere fo u n d  in  a  considerable n u m b e r  o f cases 
of G roup  3 w h e th e r  w ith  a de fin ite  P -p u lm o n a le  or w ith  P 2 ̂ - a b n o r m a l i ty  
acco rd ing  to  th e  m easu red  area , we h a d  to  ex am in e  th e  q u estio n  w h e th e r  an 
ab n o rm a l Vi is n ecessarily  a sign of ca rd iac  a b n o rm a lity . T herefo re  w e re p e a te d  
th e  te s ts  in  15 h e a lth y  sub jec ts . In  a g re e m e n t w ith  earlier fin d in g s  [14] none 
of th e  cases h ad  a V i o f less th a n  12, in  f a c t  i t  w as m ore th a n  13 th ro u g h o u t 
w ith  th e  ex cep tion  o f  one p a tie n t w here  i t  w as betw een  12 an d  13.

T h e  find ings w ere co rre la ted  w ith  th e  d iam e te r  o f th e  t r u n c u s  in te r- 
m ed ius o f th e  p u lm o n a ry  a rte ry , m easu red  b y  th e  m ethod  o f D e j d a r  [13]. 
In  cases w ith  an  a b n o rm a l Vi, th e  d ia m e te r  o f  th e  tru n cu s in te rm e d iu s  was 
in v a ria b ly  over 17 m m , averag ing  21 m m  w h ereas  in  all of th e  cases w ith  n o rm al 
V i-values th e  d ia m e te r  w as below  15 m m . I n  th e  p a tie n ts  w ith  a n o t  ev a lu ab le  
Vi, we fo u n d  n o rm a l as w ell as ab n o rm a l d ia m e te rs  these  being  in  th e  ran g e  
of 12 to  22 m m , a fin d in g  w hich lends s u p p o r t  to  our in te rp re ta tio n  o f th e  Vi 
falling b e tw een  th e  values of 12 an d  13.

As to  th e  co n n ec tio n  betw een  th e  P -d e flec tio n s  and  th e  V i-v a lu es , no 
com ple te  congruence  can  be  expected  b e tw e e n  th e  tw o find ings ow ing  to  th e  
d iffe ren t te ch n iq u es  em ployed . T he P 2_3- p a t te r n  was stud ied  u n d e r  0 2-inha-
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la tio n  in  erg o m etric  te s ts  co rresp o n d in g  to  100 w w h ereas  th e  E Vi w as e x a m 
in e d  b y  M aste r’s tw o -s te p  t e s t  w ith o u t 0 2- in h a la tio n .

T a b le  I I I  show s th e  p e rc e n tu a l co rre la tio n s  o f th e  P -p u lm o n ale  an d  
th e  V i.

Table I I I

Valsalva-index and P -pulm onale

Exertional Valsalva-index n per cents

<11 11—12 12—13 >13 Total

P -p u lm o n ale m easu rab le  in
on m m  -f- A U 69 31 0 0 1 0 0

ex ertio n m easu rab le  in
AU on ly 37 55 8 0 1 0 0

T ota l 57 40 3 0 1 0 0

A U  =  A shm an-un it 
m m  =  m illim eter

V i-v a lu es  in d ic a tiv e  o f  ad v an ced  h e a r t  lesion  w ere m ore f re q u e n t i f  th e  
P -p u lm o n a le  w as e s tim a te d  on  th e  basis o f i ts  a m p litu d e  th a n  if  i t  w as d e fin ed  
b y  th e  a re a . In  th is  l a t t e r  g ro u p  th e  V i-values w ere  also ou tside th e  n o rm a l 
ra n g e  w ith  th e  ex cep tio n  o f  a  single case w h ere  i t  w as n o t ev a lu ab le , b e in g  
b e tw e e n  12 an d  13.

In  80 p e r  cen t o f  th e  cases w ith  ev a lu ab le  P 2 _3-responses, th e  V i w as 
a b n o rm a l;  in  10 p er c e n t i t  w as n o t evaluab le , a n d  in  10 p er cen t i t  w as n o rm a l.

T h is  agrees well w ith  o u r  observ a tio n  d iscu ssed  in  P a r t  I  th a t ,  i f  th e  
P -p u lm o n a le  is assessed b y  its  h e igh t it  in d ic a te s  a card iac in v o lv e m e n t of 
g re a te r  se v e rity  th a n  does a P -pu lm onale  d e fin e d  b y  th e  area a lone , w hile 
in  th e  absence  of a d e fin ite  P -p u lm o n a le  th e  P 2 _3-changes supply  m ere ly  a d d i
tio n a l ev idence . F ro m  th e  o th e r  aspect, in  84 p e r c e n t o f th e  cases w ith  a  P -p u l
m o n a le  th e  EV i w as less th a n  11, in  75 per c e n t i t  w as abnorm al. O n th e  o th e r  
h a n d  in  94 p e r cen t o f  th e  cases w ith  an  a b n o rm a l E V i, evaluable P 2_3-re- 
sponses w ere  o b ta in ed .
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(^-SATURATION IN CHRONIC COR PULMONALE
B y

F . E n d e r s z , J .  W a l t e r  and T . D e b r ő c z i

STATE H O SPITA L, BA LA TO N FÜ RED  

(R eceived  F e b ru a ry  16, 1967)

T h e  e s tim a tio n  o f 0 2-sa tu ra tio n  a t  re s t  a n d  of O ,-d e sa tu ra tio n  d u rin g  h y p o x ia  
offers a d d itio n a l ev idence fo r o r ag a in s t th e  p resence  of chron ic  cor pu lm o n a le .

T h e  b e h av io u r o f 0 2-sa tu ra tio n  in  th e  e rg o m etric  te s t  w as m ore  in fo rm a tiv e . 
0 2-d e sa tu ra tio n  to  less th a n  80%  du rin g  exercise  m ay  be reg ard ed  as d e fin ite  p ro o f of 
ch ron ic  cor pu lm o n a le . V alues below  th e  in it ia l  leve l reg is te red  a f te r  th e  3 rd  m in u te  of 
exercise a n d  a  fa ilu re  o f  0 ,- in h a la t io n  to  ensu re  100%  sa tu ra t io n  are  also suggestive  of 
ch ron ic  cor pu lm onale.

R e tu rn  o f О 2-sa tu ra tio n  to  th e  in itia l leve l b y  th e  end  of th e  3 rd  m in u te  o f e x e r
cise a n d  a 100%  0 2-sa tu ra tio n  u n d e r th e  e ffec t o f 0 ,- in h a la t io n  m ak e  th e  p resence  of 
a n y  s ig n ifican t h aem o d y n am ic  or re sp ira to ry  in v o lv e m en t h igh ly  im p ro b ab le .

P ersis ten ce  of a r te r ia l  0 2-sa tu ra tio n  below  th e  in it ia l  level a f te r  th e  3 rd  m in u te  
o f exercise  w ith  a 100%  v a lu e  d u rin g  0 2-in h a la tio n , p o in ts  to  th e  p rev alen ce  o f  re sp ira 
to ry  fa ilu re , w hile th e  reverse  to  th a t  o f ca rd iac  in v o lv em en t.

R ed u ced  a lv eo la r 0 2-tension , in  o th e r  w ords, red u ced  a lv eo la r cap illa ry  
0 2-sa tu ra tio n , b y  lead in g  to  p u lm o n a ry  h y p e rte n s io n , is a decisive fa c to r  in  
th e  d ev e lo p m en t o f  ch ron ic  cor pu lm onale  (C hC P). Since a r te ria l 0 2-sa tu ra tio n  
depends on  p u lm o n a ry  cap illa ry  o x y g en a tio n , m easu rem en t o f th e  fo rm er has 
b een  a d o p te d  as one o f th e  d iagnostic  p ro ced u res  in  ChCP.

T he connec tio n s be tw een  a r te ria l 0 2-s a tu ra tio n  an d  ChCP are  as follows. 
A ccord ing  to  th e  g enera l v iew , a r te ria l d e sa tu ra tio n  is closely co n n ec ted  w ith  
p u lm o n a ry  h y p e rten s io n . In  severe a r te r ia l  h y p o x ia  th e re  is a lw ays h y p e r
ten s io n , a n d  in h a la tio n  o f a gas m ix tu re  o f low  0 2-c o n te n t leads, th ro u g h  
a r te r ia l 0 2-d e sa tu ra tio n , to  p u lm o n a ry  h y p e rten s io n  [1, 2, 3, 4 , 5]. A ccord ing  
to  Co u r n a n d  [7] th e  c ritica l v a lu e  of a r te r ia l 0 2-sa tu ra tio n  below  w hich  c a r
d iac  o u tp u t  a n d  p u lm o n a ry  p ressu re  likew ise increase , co rresponds to  80% .

H e a lth y  in d iv id u a ls  do n o t respond  to  p h ysica l ex e rtio n  a p a r t  from  th e  
f irs t  one o r tw o  m in u tes  b y  a r te r ia l 0 2-d e sa tu ra tio n  before  a m a x im a l s tra in  
in  th e  o rd e r o f 500 w h as been  reached  [6]. P a tie n ts  w ith  p u lm o n a ry  em p h y 
sem a g en era lly  also m a in ta in  th e ir  levels o f 0 2-sa tu ra tio n  unless th e  s tra in  
invo lv ed  exceeds th e  in d iv id u a l to le ran ce  [1].

W e h a v e  s tu d ie d  a r te r ia l 0 2-sa tu ra tio n  in  o u r p a tie n t  m a te r ia l  a t  res t 
an d  on exercise.
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Method

0 2-sa tu ra tio n  was m ea su re d  in d ire c tly  by  m eans o f a n  A tlas  ty p e  o x y m ete r. F o r  th e  
m e a s u re m e n t o f 0 2-sa tu ra tio n  a t  r e s t  0 2-in h ala tio n  w as a p p lied  fo r 5 m in u te s . B y  th is  m ean s 
w e e x p e c te d  to  gain eva lu ab le  re su lts ,  as owing to  th e  in c reased  0 2-u p ta k e  o f th e  p la sm a  0 2 
in h a la t io n  re su lts  in  100%  0 2- s a tu ra t io n  even  in  th e  p resence  o f m a jo r sh u n ts  in v o lv in g  an  
0 2-d e s a tu ra t io n  in  th e  o rd er o f  1 0 %  [8].

F o r  th e  s tu d y  of О 2-s a tu ra t io n  u n d e r  hyp o x ic  c o n d itio n s, th e  p a tie n ts  w ere  m ad e  to  
in h a le  a  gas m ix tu re  o f 10%  0 2 a n d  9 0 %  N  durin g  fiv e  m in u te s , an d  a r te r ia l  0 2-sa tu ra t io n  
w as re g is te re d  parallel w ith  E C G  tra c in g s  a t  f iv e -m in u te  in te rv a ls .

A s excercise, a  bycicle e rg o m e te r  w as used  w ith  th e  p a t ie n t  in  th e  s ittin g  p o s tu re , th e  
lo a d  c o rre sp o n d in g  to  100 w . A r te r ia l  О 2-sa tu ra tio n  w as m easu red  con tin u o u sly . F ro m  th e  
fo u r th  m in u té  onw ard  exercise w as co n tin u e d  u n d e r 0 2 in h a la tio n  u n til  0  » -sa tu ra tio n  h a d  s ta 
b ilized .

T h re e  groups of 20 p a tie n ts  w ere  observed . T h e  f i r s t  co m p rised  cases o f ty p ic a l C hC P , 
th e  se c o n d  th o se  w ith  d o u b tfu l C hC P , a n d  th e  th ird  g roup  p a tie n ts  w ith  v e n ti la to ry  d is tu rb a n c e  
d u e  to  p u lm o n a ry  em physem a o r o th e r  cond itions (kyphosco liosis , p leu ra l adhesion ) w ho h a d  
no  d e m o n s tra b le  cardiac lesion.

T h e  follow ing find ings w ere  re g a rd e d  as d e fin ite  signs o f  ChCP.
(1) A  ty p ica l ECG p a t te rn  fu lfillin g  th e  c rite ria  la id  dow n  b y  V i d i m s k y .
(2) X - ra y  evidence of r ig h t  v e n tr ic u la r  h y p e rtro p h y .
(3 ) A  v ita l  cap acity  below  50 p e r  cen t of th e  p re d ic te d  v a lu e , o r a tim e d  v ita l  c a p a c ity  

less t h a n  50 p e r cen t of th e  to ta l  VC in  th e  1st sec.
(4 ) C ard iac  fa ilu re  u n e x p la in e d  b y  o th e r causes.
D y sp n o ea  a t  re st a n d  in c re a sed  d iam e te r o f th e  tru n c u s  in te rm ed iu s  o f th e  p u lm o n a ry  

a r te r y  m ea su re d  by  th e  m eth o d  o f D e j d a r  [1 5 ]  in d ic a tin g  a  h ig h  p u lm o n a ry  a r te r ia l  p re ssu re  
w ere  re g a rd e d  as suggestive o f  C hC P.

Results

Table I

In itia l 0 2-saturation 0 2-saturation in hypoxia

below
80% 80—90%

over
90% mean

below
60% 60—69% 7 0 -7 9 % *

15% 35% 50% 20% 35% 30%
T ypical ChCP — ~ — 87% — — —

3 7 10 4 7 6

0% 15% 85% 0% 15% 10%
D o u b tfu l ChCP _ — — 92% — — —

0 3 17 0 3 2

0% 0% 100% 10% 0% 50%
N o evid en ce of cardiac — — — 95% — — —

lesion 0 0 20 2 0 10

T h e  u p p e r figures in  each  q u a d ra n t  express th e  p e rcen tag e , th e  lower figures, th e  abso lu te  
n u m b e r  o f  cases. Mean values h av e  b een  derived  from  th e  va lues fo r in itia l О „ -satu ra tion  an d  those 
fo u n d  d u r in g  th e  hypoxic te s t. H o riz o n ta lly , th e  percen tage  v a lues ad d  up  to  20 in  each  group  and  
to  100 in  to ta l .

* N o n e  of th e  va lues fa llin g  b e tw een  70%  a n d  79%  exceeded  75% .
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I f  beside th e  ty p ic a l E C G -p a tte rn  c ith e r tw o d e f in ite  o r one d e fin ite  w ith  b o th  sugges
tiv e  signs w ere p re se n t, th e  p a t ie n t  w as listed  w ith  G ro u p  1. T h e  cases w here th e  EC G  w as n o t 
even suspect of C hC P a n d  no n e  o f th e  signs lis ted  u n d e r  2, 3 a n d  4, re spec tive ly  w ere p re se n t, 
fell in to  G roup 3, w hereas th o se  w ith  e ither o f th ese  tw o  a lte rn a tiv e s  o r w ith  a  su sp ec t ECG 
fin d in g  w ere c lassed  in to  G ro u p  2.

T he presence  o f c a rd ia c  lesion  a ttr ib u ta b le  to  a n y  o th e r  orig in  (e. g. v a lv u la r  lesion , h y 
p ertensive  d isease, h y p o th y ro id ism , h y p e rth y ro id ism , sc a rle t fever, rh e u m a tism , co ro n ary  
d isease) excluded  th e  case fro m  th e  s tu d y . Since th e  o ccu rren ce  of p re m a tu re  b e a ts  in  ChCP 
is a ttr ib u te d  b y  c e r ta in  a u th o rs  to  co ronary  sclerosis, p a tie n ts  w ith  ab n o rm al im pulse  p ro d u c 
tio n  w ere likew ise e x c lu d ed  [14].

M ean age w as 54 y e a rs  in  G roup 1, 53 in  G roup  2 a n d  51 in  G roup  3. D uring  th e  s tu d ies , 
th e  p a tie n ts  w ere in  a  fu lly  co m p en sa ted  c ircu la to ry  s ta te .

D ifferences o f sign ificance in  re s tin g  O a-s a tu ra tio n  betw een  th e  th ree  
g roups w ere co n fin ed  to  m ean  values, w h ereas  th e  in d iv id u a l figu res, p a r t ic 
u la r ly  tho se  in  th e  u p p e r  range, w ere o v erlap p in g . N evertheless, an  0 2 -sa tu 
ra tio n  below  8 0 %  w as fo u n d  only in  G roup 1, a n d  in  G roup 3 th e  v a lu e  w as 
in v a ria b ly  over 9 0 % . I t  follow s th a t ,  as d e m o n s tra te d  b y  Co u r n a n d , a n  a r te 
ria l 0 2-sa tu ra tio n  below  80 %  is asso c ia ted  w ith  ty p ic a l ChCP, b u t  even 
in th e  range o f 80 to  9 0 %  su itab le  te s ts  m ay  d e te c t d e fin ite  signs of fu n c tio n a l 
d is tu rb an ce . I n  o th e r  w ords, resting  levels o f less th a n  80%  a re  b o u n d  to  
cause an  increase  in  p u lm o n a ry  pressure an d  c a rd ia c  o u tp u t  [7] w hich  c e rta in ly  
affects th e  h e a r t .  T h e  rev e rse  is, how ever, n o t  t r u e ,  a n d  a res tin g  0 2-s a tu ra tio n  
o f over 90%  does n o t  exc lu d e  th e  presence o f  ChCP.

In  th e  5 th  m in u te  o f  h y p o x ia  th e  d iv erg en ce  b e tw een  th e  values in c reased  
in  each group . T h e  s c a t te r  found  b y  K o m á r o m y  a n d  H o t o v y  [9] on th e  use

0 »-saturation in ergo-
a t 5 m inutes О »-saturation in ergom etric te st a t  3 m inutes m etric te st combined

w ith Oa-inhaiation

below over equal to
80—89% 90% mean initial value initial 3D О : 100%

value value

1 W
A;) / 0 o%

66%

100% o% o % 60% О \
0

o
'' 85% 1 5 %

3 0 20 0 0 12 8 17 3

60% 15% 50% V
I 

Í
V

P
O

' 35% 0 % 100% 65% 3 5 %

— — 80% — — — — — —
12 3 10 3 7 0 20 13 7

40% 0%
77%

0% 50% 50% 0 °/ u 7o 100% 0% 100%

8 0 0 10 10 0 20 0 20

o f an  id en tica l gas m ix tu re  w as sim ilar; th is  w as a t t r ib u te d  b y  th e  a u th o rs  
to  a m u ltitu d e  o f  fa c to rs  in fluencing  0 2-s a tu ra t io n . O ur earlier s tu d ie s  also 
suggested  th a t  th e  re sp o n se  o f 0 2-sa tu ra tio n  to  h y p o x ia  re flec ts  ce rta in  fa c to rs
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o f t h e  ch a n g e d  h aem o d y n am ic  re g u la tio n  r a th e r  th a n  ca rd iac  p e rfo rm an ce . 
In  m i t r a l  s tenosis, fo r in s ta n c e , a r te r ia l  0 2-sa tu ra tio n  is d e fin ite ly  lo w er th a n  
in  m i t r a l  fa ilu re , regard less o f  th e  degree o f  co m p en sa tio n  [10].

O a-sa tu ra tio n  d u rin g  h y p o x ia  in  G roup  1 w as sh a rp ly  d iffe re n t fro m  th e  
f ig u re s  o b ta in e d  in  th e  o th e r  g roups. In  th e  fo rm er, in  th e  5 th  m in u te  of 
h y p o x ia ,  th e  value w as below  7 5 %  in  m o re  th a n  80%  o f th e  cases. I n  th is  
m a n n e r ,  to le ran ce  to  h y p o x ia  c o n tr ib u te s  to  a ce rta in  degree to  th e  in fo rm a 
tiv e  v a lu e  o f  th e  restin g  0 2-sa tu ra t io n . W hile  an  im p a ired  ca rd iac  p e rfo rm an ce  
re s u l t in g  fro m  a d is tu rb a n c e  o f  c irc u la to ry  reg u la tio n  is sugg ested  b y  re s tin g  
v a lu e s  b e lo w  90% , an  0 2-s a tu ra t io n  over th e  c ritica l level o f 7 5 %  in  re sponse  
to  h y p o x ia  is ra re  in  ty p ic a l cases o f  C hC P, th o u g h  low er va lu es  a re  n o t  con
c lu siv e .

O n  th e se  grounds th e  v a lu e  fo r  re s tin g  0 2-sa tu ra tio n  an d  i ts  re sp o n se  to  
h y p o x ia  p ro v id es  a re liab le  c lue  as to  th e  p o ss ib ility  o f ChCP. R e s tin g  va lu es  
o v e r 9 0 %  w hich  do n o t fa ll below  75%  d u rin g  h y p o x ia , p lead  a g a in s t th e  
p re se n c e  o f  ChCP, w hereas th e  rev e rse , i.e. re s tin g  values below  9 0 % , red u ced  
to  less t h a n  75%  d u rin g  h y p o x ia , a re  suggestiv e  of its  p o ssib ility .

T h e  b eh av io u r o f a r te r ia l  O a-s a tu ra tio n  d u rin g  erg o m etric  te s ts  was 
fo u n d  m o re  in fo rm ativ e . T h e  m o s t s ig n if ican t o f th e  possib le fa c to rs  in c rim 
in a te d  b y  G r o s se - B ro ck h o ff  [ I I ]  fo r  e rg o m etric  0 2-d e sa tu ra tio n  a re  p ro b a b ly  
r e s p i r a to r y  fa ilu re  inc lu d in g  h y p o v e n tila tio n  an d  im p a ired  d iffu sion  as well 
as t h e  slow ing  of blood c ircu la tio n .

T h e  d is tu rb an ce  in  b lo o d  d is tr ib u tio n , a com m on fe a tu re  o f  C hCP, 
m a y  m a n ife s t  itse lf in  tw o  d is tin c t p a t te rn s  o f  response to  exercise. I n  severe 
cases , ex erc ise  m ay  elicit a lv e o la r  h y p o v e n tila tio n  w ith  co n secu tiv e  a r te r ia l 
h y p o x a e m ia . If, how ever, th e  c o m p e n sa to ry  m echanism s sp rin g  in to  ac tion  
in  re sp o n se  to  exercise, i.e. i f  a d e q u a te  b ro n c h ia l d ila ta tio n  ensues a n d  reserv e  
a re a s  o f  th e  p u lm o n ary  v a s c u la tu re  open  u p  th u s  lead ing  to  an  im p ro v e m e n t 
o f  b lo o d  flow , th en  0 2-s a tu ra tio n  is n o t o n ly  m a in ta in e d  d u rin g  exerc ise  [1], 
b u t ,  in  th e o ry , i t  m ay  even in crease .

A s seen  in  T ab le  I ,  a re d u c tio n  o f 0 2-sa tu ra tio n  to  less th a n  8 0 %  fo u n d  
in  th e  3 rd  m in u te  of exercise is co n fined  to  th e  cases of ty p ic a l C hC P. T h erefo re , 
in  a g re e m e n t w ith  th e  fin d in g s q u o te d  earlie r in  th is  p ap er, i t  w o u ld  be  a defi
n i te  s ig n  o f  ChCP; since, h o w ev er, i t  w as o bserved  in  n o t m ore  th a n  60%  
o f t h e  p a t ie n ts  suffering  from  th e  c o n d itio n , its  absence does n o t  ex c lu d e  th e  
p o s s ib il i ty  o f  ChCP.

I n  a ll o f our cases o f p u lm o n a ry  em p h y sem a w ith  no d e m o n s tra b le  
c a rd ia c  lesion , 0 2-sa tu ra tio n  h a d  re tu rn e d  to  th e  in itia l level b y  th e  en d  of 
th e  3 rd  m in u te  of exercise. S im ila r f in d in g s h a v e  been  recorded  in  th e  l i te ra tu re  
in  r e s p e c t  to  h ea lth y  su b jec ts . O n th e  o th e r  h a n d , we h ad  no case o f ty p ic a l 
C hC P  w h e re  0 2-sa tu ra tio n  h a d  re tu rn e d  to  th e  in itia l va lu e  b y  th e  en d  o f  th e  
3 rd  m in u te  o f exercise. O n th e se  g ro u n d s , a fin d in g  of a r te r ia l d e sa tu ra tio n
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p e rs is tin g  in  th e  3rd m in u te  o f th e  e rg o m e tric  te s t  is su g g estiv e  o f  ca rd io 
re sp ira to ry  fa ilu re . T h o u g h  i t  is n o t  possib le  to  d iffe ren tia te  th e  c a rd ia c  from  
th e  re s p ira to ry  fac to rs , y e t  th e  ev idence  o f  a declin ing 0 2-s a tu ra t io n  d u ring  
exercise is in d ic a tiv e  o f an  in c ip ien t o r m a n ife s t ChCP [1].

In  3 3 %  o f th e  cases in  G roup 2, a n d  in  5 0 %  o f those  in  G ro u p  3 , 0 2 -s a tu 
ra tio n  in  th e  3 rd  m in u te  of exercise w as h ig h e r  th a n  th e  in it ia l  v a lu e . This 
fav o u rab le  h aem o d y n am ic  sign has been  asc rib ed  to  a sh iftin g  o f  b lood  c ir
cu la tio n .

0 2-in h a la tio n  com bined  w ith  exercise  gives fu r th e r  in fo rm a tio n , since 
i t  p ra c tic a lly  e lim ina tes th e  re sp ira to ry  fa c to r , th u s  y ield ing  f ig u re s  w hich 
re flec t th e  h aem o d y n am ic  co n d itions p ro p e r. T herefo re  an  exerc ise  to le ran ce  
te s t  p e rfo rm ed  in  th is  m a n n e r is equal in  i ts  in fo rm ativ e  va lu e  to  K n i p p i n g ’s 
S piroergom etrie  te s t  [13]. In  th is  te s t ,  0 2-s a tu ra tio n  w as 100% , in  1 5 %  of the  
cases in  G roup  1, 35%  in  G roup 2, an d  100%  o f tho se  in  G roup  3. As seen 
in  T ab le  I ,  a r te r ia l d e sa tu ra tio n  in  th e  3 rd  m in u te  of exercise, a n d  a fa ilu re  
o f a r te r ia l  s a tu ra tio n  to  reach  100%  u n d e r  0 2-inha la tio n  w ere o b se rv ed  in 
m ost cases. D o u b tle ssly , th e  load  in v o lv ed  b y  th e  te s t  exceeded  th e  lim its 
o f ca rd io -re sp ira to ry  to le rance .

I f  a r te r ia l  0 2-sa tu ra tio n  falls d u rin g  exercise  w hereas i t  a t ta in s  100%  
w hen exerc ise  is com bined  w ith  0 2-in h a la tio n , th is  ind ica tes t h a t  th e  re sp ira 
to ry  fu n c tio n s  are p rim arily  a t  fa u lt an d , w hen  p ro p er o x y g en a tio n  is ensured , 
h e a r t p e rfo rm an ce  is s till a d e q u a te . T h is a lone  obviously  does n o t  ex c lu d e  th e  
p o ss ib ility  o f ChCP, w hich  com plica tes th e  p resence  of re sp ira to ry  fa ilu re  and  
co n secu tiv e  p u lm o n a ry  h y p e rten s io n ; i t  o n ly  in d ica tes  a fa v o u ra b le  co n ste lla 
tio n  w here  th e  h aem o d y n am ic  eq u ilib riu m  can  s till be m a in ta in e d  b y  a d e q u a te  
o x y g en a tio n . T his agrees well w ith  th e  o b se rv a tio n  th a t  0 2-in h a la tio n  alone 
m ay  o ften  suffice fo r im p ro v in g  th e  co n g estiv e  h e a r t fa ilu re  in  C hC P [12].

I f  0 2-sa tu ra tio n  re tu rn s  to  th e  in it ia l  v a lu e  b y  th e  end o f th e  3 rd  m in u te  
o f exercise  w hereas i t  fails to  reach  100%  in  response to  0 2-in lia la tio n , th e n  
i t  is p ro b a b ly  a h aem o d y n am ic  fa ilu re  r a th e r  th a n  th e  re sp ira to ry  cond itio n  
w hich  lim its  th e  to le ran ce  to  exercise. A  f in d in g  of th e  in itia l s a tu r a t io n  a fte r 
3 m in u te s  o f exercise, w ith  100%  0 2-s a tu ra tio n  on 0 2-in h a la tio n  ind ica tes  
an  a d e q u a te  ca rd io -re sp ira to ry  p e rfo rm an ce.

T h e  load  im posed  b y  th e  exercise  w as re la tiv e ly  high. W e d ispensed  
w ith  th e  s te a d y  s ta te  d u rin g  th e  te s t ,  since i t  w as n o t 0 2-u p ta k e  b u t  0 2-sa tu - 
ra tio n  w h ich  w as e s tim a ted  and  th is  d id  n o t exceed  a ce rta in  lim it e v e n  th o u g h  
O a-in h a la tio n  w as co n tin u ed . K n i p p i n g  [13] to o  stressed  th a t  th e  p o in t of 
p ra c tic a l sign ificance  w as th e  a c tiv ity  a t  w h ich  a rte ria l 0 2-d e s a tu ra t io n  be
com es m a n ife s t. T he p re se n t m eth o d  allow s to  e s tim a te  c a rd io -re sp ira to ry  p e r
fo rm an ce  w ith o u t im posing  an  u n d u e  s tra in  on  th e  p a tie n t. In  fa c t, i t  w as well 
to le ra te d  a p a r t  in cases o f  ex trem e  sev e rity  w h ere  no to le rance  te s t  w as needed  
to  con firm  th e  d iagnosis an d  to  assess th e  degree of h aem o d y n am ic  failu re .
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F ig . 1. •  — ф  — •  P a tie n t  T .A . n o rm a l curve (m inor im p a irm e n t of d is trib u tio n ). O— O — O
P a t ie n t  F . A. defin itely  a b n o rm a l curve

Fig. 1 show s a d iag ram  of a d e fin ite ly  n o rm a l a n d  o f a defin ite ly  ab n o rm a l 
p a t te r n  o f  0 2-sa tu ra tio n .
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ENVIRONMENTAL HYGIENE
IT S  P R E S E N T  E V A L U A T IO N  A N D  P R O S P E C T S  IN  H U N G A R Y

B y

T . B ak ács

NATIONAL IN STITU TE OF PU B L IC  H EA LTH , BU DA PEST 

(R eceived  Ju n e  20, 1967)

T he trem en d o u s ra te  a t  w hich  tech n o lo g ica l developm en t is p ro c ee d in g  h as 
b ro u g h t m a n y  a d v an tag e s  th a t  re n d e r m a n ’s life  easier, b u t  has — on th e  o th e r  h a n d  — 
p ro d u ced  also a p p a re n tly  irreconcilab le  c o n tra d ic tio n s .

T echno log ical p rogress is too  fa s t  to  b e  follow ed by  th e  a d a p ta t io n  o f m an . 
T he th re a te n in g  d an g ers  o f in creasing ly  a r tif ic ia l  en v iro n m en t c o n s t itu te  no  special 
p ro b lem s o f h yg iene  b u t  form  an in teg ra l p a r t  o f th e  com plex prob lem  o f u rb a n iz a tio n .

T he in creas in g  sa tu ra tio n  of ou r e n v iro n m e n t w ith  biologically a c tiv e  su b s tan ces  
is a d irec t consequence  of accele ra ted  u rb a n iz a t io n . N oxae caused b y  d e te rg e n ts , p las tic  
su b s ta n c es  a n d  b y  th e  chem iza tio n  of a g r ic u ltu re  belong  to  th is  categ o ry .

W e m u s t t ry  to  select, in th e  course o f  ch em iza tio n , only those  su b s ta n c e s  (or 
else, to  choose th o se  fro m  th e  ex is tin g  ones) t h a t  — w hile useful fo r th e  y ie ld  a n d  effi
cacy  o f  th e  p eo p le ’s econom y — do n o t  in c rease  th e  biological load  th a t  b u rd e n s  m an  
in his m ore  a n d  m ore artific ia l u rb a n  or u rb a n iz in g  env ironm en t. T he e ssa y  discusses 
th ese  poss ib ilities  in d e ta il.

I

In  com p ariso n  w ith  th e  basic  d isc ip lin es  of m edicine, e n v iro n m e n ta l 
hygiene is a y o u n g  b ra n c h , a b a re  70 years  o ld . I t  is usually  co nsidered  to  have  
s ta r te d  in  th e  y e a r  1892, on th e  occasion o f  an  o u tb reak  in H a m b u rg  o f a 
d rin k in g -w a te r-b o rn e  cholera epidem ic a n d  its  successful con tro l b y  m ean s of 
s a n ita tio n  (w a te r  d isin fec tion) m easures. D e sp ite  its  young age, th is  f ie ld  has 
seen d u rin g  th e  p a s t  10 years a new  p erio d , a special phase o f p ro g re ss , one of 
su d d en  im p ro v em en t.

P r io r  to  th is , re sea rch  and  p ra c tic a l w o rk  in  th is  field w ere e ssen tia lly  
lim ited  to  p ro b lem s of w a te r  hygiene (su p p ly  o f th e  p o p u la tio n  w ith  good 
q u a lity  d r in k in g -w a te r , soil and  w a te r  p ro te c tio n , p ro tec tio n  of re c ip ie n ts , and  
la te r  on , c an a liz a tio n , sew age t r e a tm e n t as th e  m ost essen tia l m easu res). 
As a re su lt o f la rge-scale  in d u s tr ia liz a tio n  a n d  th e  re su lting  a c c e le ra tio n  of 
u rb a n iz a tio n , th e  p rob lem s of a ir hyg iene  h a v e  been  added.

L ook ing  b a c k  to d a y  we m ay  say  t h a t  th is  s tage  of d ev e lo p m en t w as th e  
so-called  c lassical period  o f en v iro n m en ta l hy g ien e . N o rm ativ e  a c t iv it ie s  w ere 
c e rta in ly  in s t i tu te d  b u t ,  owing to  sh o rtco m in g s o f  a t t i tu d e , th e y  w ere  su ffic ien t 
as a w hole o n ly  fo r c rea tin g  em pirica l n o rm s. W h a t w as m issing fro m  th is  w ork  
w as a com plex  y e t  un ifo rm , in te g ra te d  v iew  t h a t  could have led  to  p h y sio lo g i
ca lly  fo u n d ed  n o rm s , th e  only  co rrec t an d  n ecessa ry  ones to d ay .

B y  th e  tim e  resea rch  in e n v iro n m e n ta l hyg iene had  o u tg ro w n  th ese  
lim ita tio n s  — w hich  ch arac te rized  th e  c lassica l phase  and  its a t t i tu d e  — b y
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th e  t im e  i t  w as a t  la s t  rea lized  th a t  th e  v a r io u s  problem s th a t  h a d  e x is ted  
in d e p e n d e n t from  one a n o th e r  — w a te r a n d  a ir  h y g ien e  — are d e p e n d e n t on 
one a n o th e r  an d  can  be d e a lt  w ith  successfu lly  o n ly  to g e th e r an d  in te g ra te d , 
a q u a l i ta t iv e  leap  fo rw ard  to o k  place; th is  w as th e  beg inn ing  o f th e  m o d ern  
a n d  n e w  perio d  of p rogress o f  w hich now  all o f  u s  a re  th e  w itnesses.

Y e t progress re su ltin g  from  a livelier r h y th m  of life d id  n o t  s to p  h e re ; 
m a n y  e n tire ly  nov e l h y g ien ic  problem s arose m ean w h ile , such as th e  p ro b lem  
o f s tre s s  — includ ing  noise c o n tro l —  and  t h a t  o f  cancerogenic su b s ta n c e s , to  
m e n tio n  b u t  th e  m o st im p o r ta n t  ones.

I t  w as in  th is  w ay  t h a t  a m odern  e n v iro n m e n ta l hygiene o f u n ifo rm  
p r in c ip le s  h as  em erged  fro m  th e  classical f ie ld . A n d  i t  is w ith in  th e  scope of 
th is  u n ifo rm , new  co n cep tio n  o f e n v iro n m en ta l h y g ien e  th a t  th e  v a rio u s  p ro b 
lem s t r e a te d  before in d e p e n d e n tly  (e. g. w a te r  a n d  a ir  hygiene) are  s tu d ie d  in 
a c o m p le x  m an n e r; h o rizons n e v e r  hoped fo r a re  o p en in g  u p , an d  so i t  h a p p e n e d  
t h a t  th e  n o rm a tiv e  conclusions o f th is  new  c o n c e p tio n  assum ed m ore a n d  m ore  
o f  th e  p h y sio log ica l c o n te n t.

In  ad d itio n , th e  new  h o rizo n s allow ed th e  sc ien tific  s tu d y  o f a n u m b e r  of 
new  q u e s tio n s  of e n v iro n m e n ta l hygiene w h ich  b e fo re  had  been  b e y o n d  our 
re a c h  a n d  ex is ted  n o t  even  as suggestions, su ch  a s  th e  problem s of u rb a n  life, 
e n v iro n m e n ts  rich  in  s tim u li, an d  th e ir  effec ts o n  m an , th e  increasin g  u se  of 
ch em ica ls  an d  its  b io log ica l e ffec ts  on th e  h u m a n  o rgan ism , etc.

A ll th is  gave b ir th  to  a  m ost im p o r ta n t f ie ld , th e  se t o f hyg ien ic  p ro b 
le m s  o f  u rb a n iz a tio n , s till re c e n t, b u t a lre a d y  p ro d u c in g  a l i te ra tu re  t h a t  fills 
l ib ra r ie s . ( I t  is w ith in  th is  n o v e l conception  t h a t  th e  hygienic p rob lem s o f  th e  
u rb a n iz in g  v illage w ill be d e a lt  w ith).

So th is  q u a lita tiv e  s te p  fo rw ard  n o t o n ly  b ro a d e n e d  our basis of re sea rch , 
n o t  o n ly  w idened  o u r h o rizo n  — it also re v e a le d  a n u m b er of new  q u estio n s  
w h ich  h a v e  a lread y  becom e g rav e  and  tim e ly  p ro b le m s of our d ay s , a n d  w ill 
g row  in  p ro p o rtio n  in  th e  im m ed ia te  fu tu re .

I n  th e  follow ing I  sh o u ld  like to  d iscuss th e s e  new  problem s as p a r t  of 
th e  w h o le  an d , w ith in  th e se , one of th e  m o s t p ro b le m a tic  categories, t h a t  of 
th e  b io lo g ica lly  ac tiv e  m a te r ia ls , w hich a p p e a r in c rea s in g ly  in our e n v iro n m e n t, 
a n d  th e i r  e ffect on e n v iro n m e n ta l hygiene. (T he a sp e c ts  of o ccu p a tio n a l h y g ien e  
a n d  n u tr i t io n  hyg iene  as w ell as research  in  th e s e  fie ld s , are su b jec ts  o f o th e r  
spec ia l p ap ers .)

I I

A fte r  such  p re lim in a rie s , le t us have  a c lo ser look a t th e  q u estio n .
A s a re su lt o f th e  in d u s tr ia l  rev o lu tio n  o f  o u r  cen tu ry , m ore a n d  m ore 

b io lo g ica lly  ac tive  su b s ta n c e s  a p p ea r in o u r im m e d ia te  en v iro n m en t; th e i r  use 
y ie ld s  consid erab le  re tu rn s  to  n a tio n a l econom ies (e. g. th ro u g h  p es tic id es)
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h u t  th e ir  ex ten siv e  ap p lica tio n  has rev ea led  th a t  th e y  are  n o t  b io log ica lly  
in d iffe re n t to  th e  h u m a n  o rgan ism .

I f  we m ake an  a t te m p t  a t  som e a rra n g e m e n t in th is  m u lt i tu d e  o f com 
p o u n d s , th e y  m ay  be d iv id ed  in to  tw o  p r in c ip a l g roups acco rd ing  to  th e  effect 
th e y  e x e r t  on m an .

Table I

A )  Inorganic  substances

T h eir e ffec t is a d irec t one fo r th e  m ost 
p a r t ;  th e y  are  m ore or less to x ic , also to  
h ig h er w arm -b looded  o rgan ism s, conse
q u e n tly  also  to  m an . T h e ir in d ire c t effect, 
a ffec tin g  th e  ecological d y n a m ic  eq u i
lib riu m  m assively , is u su a lly  low  and  lim it
ed  to  a  n a rro w  field .

These are:

1. T rac e  e lem en ts, rad ica ls  a n d  gases
a )  c e r ta in  trace  e lem en ts  (e . g. fluo rine , 

v a n a d iu m , etc .);
b) c e r ta in  ac tiv e  ra d ic a ls  (e. g. n itra te s , 

c y an id es , e tc .);
c) c e r ta in  gases (e. g. CO, S 0 2)

2. R a d io a c tiv e  su b stan ces
a )  fission  p ro d u c ts  o f a to m ic  bom bs,
b) rad io ac tiv e  iso topes

В )  Organic substances These are:

T h eir  loca l, im m ed ia te  e ffec t on  w arm 
b looded  h ig h er o rgan ism s is u su a lly  low; 
th e y  are  h a rd ly  or n o t to x ic  (to  low er a n i
m als th e y  are). T h eir in d ire c t effec t m an i
fests i ts e lf  w ith  a v io len t, la s tin g  a n d  e x te n 
sive d is ru p tio n  of th e  ecological d y n am ic  
eq u ilib riu m .

1 .

2
3.

4 .

D e te rg e n ts  1 used in  th e  m icrom ilieu , 
J th e  hom e,

P la s tic s  J th e  househo ld  
C erta in  I a) fe rtilizers  
chem ica ls of I b) p estic id es 
a g r ic u ltu ra l I c) food m ix tu re s  
use J
P h en o ls  I  th e  to x ic  e n d -p ro d u c ts  of
T a rs  j m o d em  in d u s tr ie s

I t  is ev id en t from  th is  ca teg o riza tio n  th a t  th e  com m on c h a ra c te r is tic  
o f th e  ino rg an ic  su b stan ces  in  ca teg o ry  A )  is a d irec t, tox ic  e ffec t; th e ir  in d i
re c t, en v iro n m e n ta l e ffec t is re la tiv e ly  s lig h t, especially  since th e  p resen ce  of 
these  su b stan ces  is lim ited  to  a few areas (e. g. f luo rine  to  th e  v ic in ity  o f a lu 
m in iu m  fu rnaces). So th e y  p ro d u ce  o n ly  m in o r reg ional a ccu m u la tio n s , en d em 
ic a reas  on th e  m ap  o f a c o u n try .

T h e  m em bers o f g roup  В ) ,  th e  o rg an ic  su b stan ces, on th e  o th e r  h an d , 
are  p ra c tic a lly  n o n -to x ic  to  h ig h er w arm -b lo o d ed  organism s, e. g. m a n ; if  th is  
w ere n o t  so, th e y  w ould  n o t  be released  fo r d is tr ib u tio n . T h e ir in d ire c t effects 
a re , h ow ever, considerab le , as th e y  en d a n g e r m a n ’s en v iro n m en t, th e  ecologi
cal eq u ilib riu m , m a in ly  if  th e y  ac t over lo n g er periods.

T h e  m enace is all th e  m ore con sid e rab le , since th e ir  n a tio n a l-eco n o m ic  
usefu lness is ex trem ely  h igh , as a re su lt o f  w h ich  th e ir  ap p lica tio n  is sp read in g  
a t  a ra p id  ra te  (see T ab le  I I ) .

P a rad o x ica lly , th e  m ain  d an g er o f  th e se  substances lies in th e i r  u sefu l
ness (T ab le  I I I )  as th e  fie ld  o f ap p lica tio n  is c o n s ta n tly  w iden ing ; irre p a ra b le  
d am ag e  m ay  re su lt to  m an  liv ing  in su ch  en v iro n m en ts  since th e  n a tu ra l 
ecological ba lan ce , le ft in ta c t  so fa r, m ay  be u p se t.
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Table II

Production trends o f  plant-protective agents a n d  preparations*

Denomination
Annual production

I960 I 1961 j 1962 [ 1963

Tons

P lant-pro tective  agents total 9,351 10,396 10,511 10,189

o f w h ich :

D D T 842 929 1 200 1 427

H CH 250 315 519 695

D ikon irt 941 1,022 1,019 1,170

D in itroorthocreso l 115 214 229 401

A k tin it — 450 792 989

P la n t protective preparations 10,155 18,674 26,867 30,928

In d e x y e a r  1960 =  100

T ons

Plant-protective agents total 100.0 111.3 112.4 109.0

o f w h ich :

D D T 100.0 110.3 142.5 169.5

HCH 100.0 126.0 207.6 278.0

D ikonirt** 100.0 108.6 108.3 124.3

D initroorthocresol 100.0 186.1 199.1 348.7

A ktinit** — 100.0 176.0 219.8

P lant-pro tective  preparations 100.0 183.9 264.6 304.6

* n o t  including th e  p ro d u c tio n  of lowdcred u lp h u r  (in H u n g a ry )
** N itrokém ia, H u n g a ry
(B a se d  on d a ta  b y  O r m a i— O rosz [1]

1964

12,657

1 563 

590 

1,438 

485 

620 

38,954

135.4

185.6 

236.0 

152.8

421.7

138.7 

383.6

Table I I I
C onsum ption  o f  p la n t protectives in  H u n g a ry  in  1962

Denomination

Q u a n t i ty  applied 55 th o u s a n d  to n s
V a lu e  o f  ap p lied  agents 680 m illio n  fo rin ts
T o ta l  c o s t o f chem ical p ro te c tio n 1030 m illio n  fo rin ts
N u m b e r  o f approved  su b s ta n c es  in  1963 136
P r o te c te d  a rea  as th e  p e rce n ta g e  o f  a ll cu ltiv â t-

ed  a rea s 9С 0/ A D  /0
E s t im a te d  va lue  of crop sav ed  th ro u g h  p la n t

p ro te c tio n 4 — 5 th o u s a n d  m illion  fo rin ts
A n n u a l  av erag e  dam age a t  p re s e n t  level of

p ro te c tio n 7 — 8 th o u s a n d  m illion fo rin ts

( D a ta  of S ta te  O ffice o f  T ech n ica l Dei^elopm ent [2])
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I t  should  b e  n o te d  th a t  su b c a te g o ry  4 o f  th e  organic su b s ta n c e s , phenols 
a n d  ta rs , w hich  o ccu r in  our e n v iro n m e n t as th e  e n d -p ro d u c ts  o f  m odern  
in d u s try , are d iff ic u lt to  classify  ta x o n o m ic a lly ; th e y  re p re se n t a  tra n s it io n  
fro m  group  A )  to  В )  since th e y  h a v e  n o t  o n ly  a d irect to x ic  e ffe c t on  w arm 
b lo o d ed  organ ism s b u t  also a co n sid e rab le  in d ire c t one b y  u p s e tt in g  th e  ecolog
ica l b a lance . So i t  seem ed reaso n ab le  to  l is t  th e m  w ith  group В ) .

S um m ing u p , we m ay  conclude  t h a t  th e  biological a c t iv i ty  a n d  danger 
o f  g ro u p  BJ  is w orse  as concerns h u m a n  life  th a n  th a t  of g roup  A ) .  T h e  su b 
s ta n c e s  o f g roup  В )  u p se t th e  b io log ica l b a lan ce  of th e  n a tu ra l  e n v iro n m e n t 
th ro u g h  th e ir  in d ire c t effect. T h is a p p lie s  especially  if possib le  cu m u la tiv e  
e ffec ts  o f severa l d ecades, an d  th e  f a c t  t h a t  th e  num ber of c o m p u n d s  app lied  
is g row ing  as a re s u lt  o f th e ir  econom ic u se fu lness, are also ta k e n  in to  acco u n t 
(T ab le  IY).

T ab le  IV

N um ber o f  p la n t protectives approved and sold

C o u n try 1961 1962 1963

H u n g a ry 96 125 136

G erm an  D em ocratic  R ep u b lic 173 183 186
G erm an  Federal R ep u b lic 1080 1090
U n ited  S ta te s  of A m erica 9072 9487

(D a ta  o f S ta te  O ffice of T echnical D e v e lo p m e n t [2])

So if  we do  n o t  in te rfe re  in due  t im e , d am age will p reva il e v e n tu a lly  as a 
re su lt  o f a com p le te  collapse o f  th e  eco log ica l ba lance , regard less o f  a n y  rap id  
econom ic gains — an d  th is  th re a te n s  u s  w ith  irreparab le  losses. N o t a  tr if lin g  
d ilem m a, indeed.

I l l

To discuss the question in more detail: O w ing to  lim its o f  sp a c e  a n d  tim e , 
i t  is n o t possible h e re  to  give a hy g ien ic  an a ly s is  o f all th e  b io lo g ic a lly  ac tive  
su b s ta n c e s  th a t  o ccu r in  our e n v iro n m e n t. So I  shall lim it m y se lf to  d iscussing  
g ro u p  В )  and ev en  w ith in  th is  scope, th e  p rin c ip a l factors o f th e  ch em iza tio n  
o f  o u r e n v iro n m e n t, i. e.

1. th e  d e te rg e n ts
2. th e  p la s tic s
3. ce rta in  im p o r ta n t  chem icals u se d  in  ag ricu ltu re , su ch  as fe rtilize rs , 

pestic ides, an d  food m ix tu re s .
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T h e  presence o f c h em ica ls  in  our e n v iro n m e n t p roceeds a t  a tre m e n d o u s  
r a te .  T h is  fa c t is a m a in  c h a ra c te r is tic  of o u r d a y s . T h e  am m unition  to  do a ll 
th is , th e  com pounds, th e  r a w  m ateria ls , are  b e in g  p ro d u ced  b y  th e  chem ica l 
in d u s try .  T o  m eet re q u ire m e n ts , w hich p ra c tic a l ly  increase  a t  th e  r a te  o f  
an  a r ith m e tic a l p ro g ressio n , th is  b ran ch  of in d u s t r y  is in  an  incredible u p 
sw in g , a n d  perhaps th e  m o s t ra p id ly  ex pand ing  in d u s t ry  of th e  world.

T h is  is especially  im p re ss iv e  if shown b y  in d ice s . W orld  o u tp u t o f th e

7953195419551956 W 71958VS91960

------------------chem ica l industries to ta l  o f  w h ich :
----------------p las tic s

so ap s  and  de te rg en ts
■==: : -  ; :: :;r: d ru g s  

•—•—•— • n itro g en  fertilizers 
------. --------d y es

F ig . 1. P ro g re s s  o f  ch em ica l in dustries in  W e s t  E u ro p e  1953 =  100

T h e  s itu a tio n  is s im ila r  in  H u n g ary ; a lth o u g h  in d u stria liza tio n  h a d  
s ta r te d  la te r  th a n  in  th e  h ig h ly  developed in d u s t r ia l  coun tries, th e  r a te  o f 
p ro g re ss  is even m ore ra p id  in  several b ran ch es  in  H u n g a ry , w here in d u s tr ia l  
p ro g re ss  as a whole w as 3 1 5 .5 %  from  1949 to  1964 w hile  th a t  o f th e  ch em ica l 
in d u s t r y  am oun ted  to  8 8 8 .3 %  d uring  th e  sam e p e r io d .

N ow  le t us co n sid e r t h e  various su b stan ces , th e  subcategories.

1. Detergents

a)  Their increasing role and importance in  our environment
T h e  p o p u la rity  o f  d e te rg e n ts , th e  s y n th e tic  w ash ing  agents, h as  b een  

in c re a s in g  w ith in  gen era l ch em iza tio n  in in d u s tr ia l  co u n trie s  since 1950 — in  
H u n g a ry  especially  since  1960 — and  th e  r a te  o f  increase exceeds t h a t  o f  
g e n e ra l chem ization . F u r th e r  progress is e x p e c te d  to  b e  even m ore rap id .
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T ak ing  th e  1960 p ro d u c tio n  of d e te rg e n ts  as 100% , th is  figure  a m o u n te d  
in H u n g a ry  to  2 62%  b y  1964, so th e  ra te  o f in c rea se  w ith in  genera l ch em iza tio n  
w as m ore ra p id  in  H u n g a ry  too , th a n  in fe r tiliz e r  (189% ), or p la n t p ro te c tiv e  
(226 .9% ) p ro d u c tio n .

T his ra p id  increase  in  th e  ra tio  of sy n th e tic  w ash ing  in g red ien ts  n a tu ra l ly  
red u ced  th e  use o f th e  co n v en tio n a l soaps co n sid e rab ly . Soap p ro d u c tio n , for 
in s tan ce , was 37 .8%  less in  1964 th a n  in 1960.

P resen ted  in  a T a b le , th e  p ic tu re  is th is :

Table V

Soap production Detergent production

la u n d ry — to ile t | p o w d e r— p as te

tons

I960 28 009 8 086

1961 26 195 11 086

1962 24 613 14 022

1963 21 831 17 723

1964 22 555 21 179

1966 20 732* 22 000 (about)

by 1970 40 000 (estim ated )

* D a ta  o f H u n g a ria n  S ta tis tic a l Office 
(B ased  on d a ta  by Ormai—Orosz [1])

b) The technical effect o f detergents

T h eir tech n ica l e ffects consist in th e ir  w e ttin g  ab ility , an d  th e ir  a b ili ty  
to  increase so lub ility .

c)  The biological effects o f  detergents 

This can be a n a ly sed  from  severa l p o in ts  o f  view .
D irec t (tox ic) effec t. I f  th is  is considered  in  th e  co n te x t o f p h y logén ie  

succession (as has b een  done so far), tw o  su b ca teg o ries  can  be estab lish ed :
a) effect on low er o rgan ism s. T h is is u su a lly  d ire c t, to x ic  (e. g. on ce rta in  

foods o f fish, such  as d a p h n ia , algae) or d is in fec tin g  (see th e  v a rio u s ty p e s  of 
b a c te ria );

ß) effect on h ig h er, w arm -b looded  o rg an ism s (e. g. m an). T h is  is d ire c t, 
b u t  p rac tica lly  h arm less  (no d irec t tox ico logical e ffec t on these  o rgan ism s).

F o r in stan ce , to  6 persons 100 m g of A B S (a lk y lb en zen esu lp h o n a te ) was 
ad m in is te red  da ily  fo r fo u r m on th s b y  F r e e m a n  [3 ]. B ody  w eigh t, u rin e , e tc . 
w ere checked reg u la rly , b u t  no sign ifican t d am a g in g  effect was fo und .
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D e te rg e n ts  m ay  h a v e  a d irec t e ffec t if  th e ir  presence re n d e rs  soluble 
c e r ta in  com pounds t h a t  o th e rw ise  are  in so lu b le  in  th e  o rgan ism . B y  such 
m e d ia tio n  th e y  m ay  be a sev ere , to x ic , te ra to g e n ic , possib ly  g ene tic , m u tag en ic  
m e n a c e , o r m ay  induce  su ch  changes, e spec ia lly  if  exposure is ch ro n ic . (This 
p r o p e r ty  is being ap p lied  d e lib e ra te ly  in  th e  case o f  d rugs w hich are  n o t  read ily  
a b s o rb e d  in  th e  o rg an ism .) T h is h as  been  d e m o n s tra te d  in  B o r n e f f ’s (4) 
e x p e r im e n ts . F o r 400 d ay s  h e  a d m in is te red  to  m ice b en zp y ren e  in  c o m b in a tio n  
w ith  d e te rg e n ts . As a re s u lt ,  th e  incidence o f b en zp y ren e-in d u ced  carc inom a 
in c re a se d  s ig n ifican tly  in  th e  p o p u la tio n .

I n  recen t y ears , th is  h a z a rd  o f  th e  so lu b ility -in c reasin g  e ffec t h a s  been 
p ro m o te d  b y  th e  w ide use o f  d e te rg e n ts  in  d ish -w ash ing , w h ereb y  d e te rg e n t 
re s id u e s  e n te r  th e  h u m a n  o rg an ism  d irec tly .

Y e t ,  we m ay  s ta te  t h a t  as to  ou r b e s t  know ledge, d e te rg e n ts  h a v e  no 
d ire c t,  su b s ta n tia l  to x ic  e ffec t on h ig h er w arm -b lo o d ed  o rgan ism .

d ) The effect o f  detergents on environmental hygiene

T h is  consists e sse n tia lly  in  th e ir  in d ire c t effect, th e  u p s e tt in g  o f th e  
eco log ica l ba lance  of th e  b io log ica l en v iro n m en t.

a) F lo a tin g  on liv in g  w a te rs  th e  d e te rg e n ts  form  foam  an d  th u s  im p a ir  
v e n t i la t io n ;  as a co nsequence , th e  oxygen  su p p ly  o f o rgan ism  liv in g  in  w a te r 
(e. g. f ish ) is reduced . F o a m  fo rm a tio n  on w a te r  surfaces in som e h igh ly  
in d u s tr ia liz e d  coun tries h as  reach ed  such  a p ro p o rtio n  th a t  th e  fo am  o f d e te r
g e n ts  fo rm ed  m e tre -th ic k  la y e rs  on som e riv e rs . F o am  fo rm atio n  co u ld  n o t be 
c o n tro lle d  even b y  b io log ica l w as te -w a te r  tre a tm e n t ,  as th e  so -ca lled  hard  
d e te rg e n t  m olecule is d iff ic u lt to  sp lit, an d  “ su rv iv es”  th e re fo re  even  th e  
m o s t u p - to -d a te  t r e a tm e n t m e th o d s , w hile a t  th e  sam e tim e  i t  in h ib its  b io log
ica l w a s te  tre a tm e n t. So i t  is n o t  b y  chance  th a t  in th e  G erm an  F ed era l 
B e p u b lic , w here th is  “ c o n ta m in a tio n ”  of w a te rs  becam e p ra c tic a lly  in to le rab le , 
a D e te rg e n t  A ct h ad  to  be p ro m u lg a te d ; i t  p ro v id es  th a t  on ly  so ft d e te rg e n ts  
m a y  b e  u sed , whose m olecu les can be b ro k en  dow n up  to  80%  in th e  course of 
sew age tre a tm e n t. F o am  fo rm a tio n  has b een  red u ced  su b s ta n tia lly  since th is  
A c t h a s  com e in to  force.

A fte r  th e  rea liza tio n  o f  th is  s u b s ta n tia l  en d eav o u r, a n o th e r  prob lem  
p re s e n te d  itse lf  an d  has y e t  to  be so lved : tra c e  e lem ents w ere fo u n d  in  these  
n o n -d eco m p o sed  residues w h ich  tu rn e d  o u t to  be  of considerab le  bio logical 
h a rm fu ln e ss  — so th e  m ean s o f  th e ir  d e s tru c tio n  m u s t be s tu d ied .

D e te rg en ts  m ay  cause  d am ag e  also to

ß ) The soil. F o r ex am p le , d e te rg e n ts  g e tt in g  in to  th e  soil m ay  c o n ta m in a te  
th e  w ells of village h o m es tead s .
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Table VI

I n  1958 A B S  ivas detected in  1/3 o f  the rural welts 
o f  the U nited Slates

up  to  8 m  d e p th  64%  o f th e  an a ly sed  w ells w ere co n ta m in a te d
up  to  9 m  d e p th  4 2 %  of th e  an a ly sed  wells w ere co n ta m in a te d
up  to  13 m  d e p th  2 5 %  o f th e  ana ly sed  w ells w ere  co n ta m in a te d

F rom  the, contam inating  source

wells a t  13 m  d is tan ce  were c o n ta m in a te d  a t  60% .
w ells a t  20 m  d istan ce  w ere c o n ta m in a te d  a t  48% .
w ells a t  23 m  d is tan ce  w ere c o n ta m in a te d  a t  22%
w ells a t  24 m  d istan ce  w ere c o n ta m in a te d  a t  0 %

D ete rg en ts  also  a ffec t th e  se lf-p u rifica tio n  o f soil b y  dam ag ing  th e  m ic ro 
flo ra , and  th e re b y  th e  n itr ify in g  ca p a c ity ;

y) th e y  m a y  cause  fu r th e r  d am age to  h e a lth  b y  g e ttin g  linked  in to  th e  
n u tr i t io n a l chain  (a d e ta iled  discussion is b e y o n d  th e  scope of o u r p a p e r) .

Sum m ing up  all this, o u r d u tie s  in re sp e c t to  d e te rg e n ts  a re  as follow s:
a)  tech n o lo g ica l ta sk s  ( th e ir  d e ta iled  d esc rip tio n  is n o t a h yg ien ic  

su b je c t) ;
b)  d u tie s  o f  e n v iro n m e n ta l hygiene.
W h a t a re  th e se  ? A  lis t should  be d raw n  u p  o f d e te rg en ts
a) w hose d ire c t, local effect — i. e. to x ic i ty  — is m in im al (e. g. does n o t 

a ffec t th e  food o f fish );
ß ) w hich do n o t  d e te rio ra te  th e  b io logical co n d itio n  o f live w a te rs  even 

in d irec tly  b y  th e  fo rm a tio n  o f foam : th e  so-called  so ft d e te rg en ts ;
y) w hose ch ro n ic  b io logical effect inv o lv es  no  te ra to g en ic , or g en e tic  

(m utagen ic) h a z a rd s .
I t  is th is  l a t t e r  q u es tio n  th a t  w ill be th e  m o st d ifficu lt to  a n sw er, as 

e v a lu a tio n  w ould  re q u ire  th e  o b se rv a tio n  o f h u m a n  p o p u la tio n s over sev era l 
decades. (E x p e rim e n ts  w ith  h ig h er doses m ad e  in  sh o rt-liv ed  w arm -b looded  
organism s c a n n o t b e  reg a rd ed  as fu lly  v a lid  fo r  h u m a n  p o p u la tio n s.)  T h u s , to  
say  th e  la s t w ord  in  th is  re sp ec t is n o t on ly  d iff ic u lt, b u t  w ould be p re m a tu re  
as well.

C onsidering all th is , jo in t  and  co -o rd in a ted  hyg ien ic  an d  tech n o lo g ica l 
re sea rch  w ill be re q u ire d  to  reconcile th e  in te re s ts  o f n a tio n a l econom y w ith  
tech n o lo g ica l a n d  h y g ien ic  ta rg e ts .

2. Plastics

P lastic s  h a v e  been  know n fo r m ore th a n  100 y ea rs ; th e ir  w ide  use, 
how ever, began  e a r ly  in  th e  th ir tie s . W orld  o u tp u t  w as 110 th o u sa n d  to n s  in 
1933; th is  grew  to  one a n d  a h a lf  m illion to n s  b y  1950, to  reach  7 m illion  400 
th o u san d  tons in  1960. I t  has su rpassed  th is  level con sid erab ly  since.
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T h e  g rea tes t q u a n ti t ie s  o f p lastics  a re  ap p lied  as s t ru c tu ra l  m a te ria ls  
(e. g. fo r  su b s titu tin g  m e ta ls)  b u t  likew ise g re a t  q u a n titie s  are  u sed  in  e lec trica l 
en g in ee rin g , in th e  iro n  a n d  m ach ine  in d u s tr ie s .

In  m a n ’s im m e d ia te  e n v iro n m en t, p la s tic s  a p p ea r m a in ly  as p ack ag in g  
m a te r ia l ,  as w a te r-c lea rin g  co ag u lan ts ; th e y  a re  increasing ly  u sed  in  th e  b u ild , 
in g  t r a d e ,  e. g. as w all covers, floors, w all p a in ts , p lu m b in g  m a te r ia l;  b u t

F ig . 2. P ro g ress  in  p las tic s  w o rld  o u tp u t  [5] 
(O rd in a te  in  log scale—O u tp u t  in  103 tons)

th e y  p la y  a role also in  h ouseho ld  ap p lian ces  such  as re fr ig e ra to rs , am ong 
o th e rs .

P la s tic s  m ay  e n te r  th e  h u m a n  o rgan ism  in  severa l w ays, as w a te r-c lea rin g  
c o a g u la n ts , from  p lu m b in g  f ix tu re s , w ra p p in g  m a te ria ls , e tc .

A nalysing  th e ir  e n v iro n m e n ta l, h y g ien ic , bio logical a c tiv itie s , w e find
th a t

a )  th e y  have  p ra c tic a lly  no d irec t, lo ca l, to x ic  effect (m a rk e tin g  o f  tox ic  
m a te r ia ls  is p ro h ib ited  in  sev era l co u n trie s);

b)  th e y  have  a co n sid erab le  in d ire c t, lo n g -ran g e  effect b y  u p s e tt in g  th e  
eco log ica l balance; th e ir  tu m o rig en ic  e ffec t h a s  been  p roved  in  an im a l ex p e ri
m e n ts .

A s e a r ly  as 1942, T u r n e r  [6] ca l le d  a t t e n t i o n  to  t h e  tu m o r ig e n ic  ro le  o f  
t h e s e  m a c ro m o le c u le s ;  O p p e n h e i m e r  d id  so  in  1948 [7].

O n th e  o th e r h a n d , th e ir  cancerogen ic  e ffec t in  m an  has n o t  b een  ascer
ta in e d ;  y e t  th e ir  b io log ica l a c tiv ity  m u s t b e  considered , especially  in  cases of 
c h ro n ic  exposure, a n d  m a in ly  if  th e  so lu b ility  o f poorly  d isso lv ing  m ac ro 

Acta Medica Academiae Scienitarum Hungáriáé 24, 1967



E N V I R O N M E N T A L  H Y G I E N E 2 4 7

m olecu la r su b s ta n c e s  is increased  b y  th e  p resen ce  o f som e o th e r m acrom olecu - 
la r  ag en t, a d e te rg e n t.

T h e  oncogen ic  ac tio n  of p lastics is re g a rd e d  b y  some a u th o rs  as being  
in d e p e n d e n t of th e  chem ical s tru c tu re , a n d  is d e riv ed  from  th e  g iven  p hysica l 
co n d itio n . F o r in s ta n c e , A m erican  a u th o rs  h a v e  rep ea ted ly  show n th a t  th e  
oncogenic ac tio n  becom es m an ifest if  sq u a re , p la s tic  p la te le ts  are  im p la n te d , 
b u t  does n o t a p p e a r  in th e  case of sp h e rica l im p lan ts . On th e  o th e r  h a n d , 
H u e p e r  [8] w a rn e d  t h a t ,  in ad d itio n  to  th e ir  physica l c h a ra c te ris tic s , th e  
chem ical ac tio n  o f  th e  com pounds m u s t p la y  a ro le  in th e  oncogenic  process.

As concerns th is  c o u n try , we ach iev ed  som e sim ilar resu lts  in  o u r I n s t i 
tu te .  F o r ex am p le , Sedosan* , reco m m en d ed  as a co agu lan t in  su rface  w a te r  
p u rif ic a tio n , w as fo u n d  to  induce sa rcom a in th e  r a t ;  residues of th e  com pound  
w ere d e te c te d  in  th e  tu m o u r  in every  case.

E x p e rim e n ts  c o n d u c ted  a t  th e  P h y sio lo g ica l D e p a rtm e n t o f th e  In s t i tu te  
w ould  seem  to  p ro v e  th a t  th e  tu m o u rig en ic  e ffec t w as due to  a p rev io u s ch em i
cal ac tion  of th e  Sedosan  m olecule; th e  tu m o u r  th e n  developed as th e  re s u lta n t 
o f th e  com bined  p h y s ica l an d  chem ical effec ts .

3. Substances o f agricultural chemization.
The increasing role o f synthetic organic compounds in agriculture

T h e c h e m iz a tio n  o f ag ricu ltu re  h as  se t off a w orld-w ide rev o lu tio n  
d u rin g  th e  p a s t  tw e n ty  y ea rs  b y  an  a b ru p t  in crease  o f crop y ields. T h e  progress 
o f ch em ization  is c lea rly  re flec ted  b y  th e  p ro d u c tio n  o f these  su b stan ces . In  th e  
U n ited  K ingdom  th e  p ro d u c tio n  of s y n th e tic  o rganic  com pounds grew  so 
co n sid e rab ly  d u rin g  13 years  th a t  th e re  w as a rise  from  124 m illion  p ounds 
s te rlin g  in 1947 to  637 m illion  b y  1960.

T h e  p rocess o f  ch em iza tion  th e n  w as a p p lie d  in  an im al h u s b a n d ry  w here 
special ty p e s  o f  an im a l food m ix tu re  — e. g. su b s titu tio n  of p ro te in s  b y  c a r 
b am id e , ho rm one  p re p a ra tio n s  acce lera tin g  g ro w th , e tc ., have been  in tro d u c e d .

I t  seem s p ra c tic a l to  discuss som e su b ca teg o ries  w ith in  th e  overall 
ch em iza tion  o f a g ric u ltu re .

a)  F e r tiliz a tio n  a n d  its  ecological re a c tio n s  (th e  m a jo rity  o f  th e se  com 
p o u n d s is in o rg an ic , a n d  on ly  a m in o r p ro p o rtio n  rep resen ts  o rg an ic  com 
p o u nds);

b) pestic id es  (herb ic ides, in sectic ides ap p lie d  for an im al p a ra s ite s ) ; an d , 
fin a lly ,

c) sy n th e tic  food  m ix tu res .
a) Fertilization. — R ap id  sp read in g  can  be  exp la ined  on ly  b y  th e  m a r

velous re su lts . In  th e  U . S., for in s tan ce , th e  y ie ld  of m aize rose b y  h a rd ly  7

* N itro k ém ia , H u n g a ry
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q u in ta ls  p e r  h ec ta re , d u rin g  th e  30 y ea rs  from  1923 to  1953, desp ite  tre m e n d o u s  
e f fo r ts , d e sp ite  an  increase  o f  th e  t r a c to r  p oo l f ro m  100 th o u sa n d  to  4 m il
lio n , a n d  d esp ite  th e  in tro d u c tio n  o f  h y b rid s  y ie ld in g  a h igher crop . Y e t  from  
1953 to  1964, a h a re  12 y e a rs  w hen  ch em iza tio n  sp re a d  on a la rge  sca le , th e  
y ie ld s  p e r  h e c ta re  grew  b y  19 q u in ta ls . So th e  effic iency  grew  n e a r ly  th r e e 
fo ld  i f  co m p ared  to  th e  re su lts  o f th e  p rev ious 30 years.

T h e  ra te  of progress w as s im ila r in  E u ro p e . In  H olland , for in s ta n c e , th e  
c o u n try  t h a t  uses th e  h ig h e s t q u a n ti ty  o f fe rtiliz e rs  on th is  c o n tin e n t, i t  h as  
b eco m e  possib le  to  m ee t m o s t o f th e  a g r ic u ltu ra l  dem and  from  d o m estic  
p ro d u c tio n , d esp ite  of a h ig h  p o p u la tio n  d e n s ity  a n d  a sm all a rab le  te r r i to ry .  
T h e  case  is s im ilar w ith  B elg ium , also w ith  a h ig h  p o p u la tio n  d e n s ity . N e x t 
com e th e  G erm an  F ed e ra l R ep u b lic , N orw ay , D en m ark , A u stria , e tc ,, w ith  
e q u a lly  good  crop resu lts , a lth o u g h  a re la tiv e ly  low er consum ption  o f  f e r t i l 
izers (T ab le s  V H /a  an d  V H /b ).

Table V H /a

F ertilizer consum ption  1962— 1963

C ountry kg per hectare

H olland 226
B elgium 223

G erm an F e d e ra l R epub lic 183

N orw ay 150

D enm ark 142

U n ited  K ingdom 116

Sw itzerland 104

A ustria 97

France 90
Sweden 80

H u ngary 59
Ita ly 53

Ire land 51

Greece 49
Portugal 34

P ro g re ss  was sim ilar in  th e  socia list co u n trie s , a lth o u g h  i t  s ta r te d  so m e
w h a t la te r .  A t p resen t, th ese  co u n trie s  p roduce  n e a r ly  1/4 of th e  w orld  o u tp u t  
o f fe r ti l iz e rs , an d  th e  p la n n e d  ra te  o f p rogress w ill be  even m ore ra p id . In  th e  
U .S .S .R ., fo r  in stan ce , 30 m illion  to n s o f fe rtiliz e r  were p ro d u ced  in  1966 
— 20 m illio n  m ore th a n  in th e  fiftie s  — an d  55 m illions are  envisaged  fo r  1970.
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Tabic V H /b

E xtrem e values o f  wheat crop per hectare in  countries applying  various q u a n tities  o f  fertilizer

0—50kg/ha 50— 100 kg/ha 100— 150 kg/ha 150— 200 kg/ha

USA 9—15 q l/ha  

A u s tra lia  7— 13 q l/h a A u stria  19—23 q l/ha

U . K . 2 7 - 3 4  q l/ha

H o llan d

B u lg aria  12— 14 q l/h a Czecho- G D R  2 6 - 3 0  ql/ha 30—40 ql/ha

Y ugoslavia 8— 16 q l/h a Slovakia 16—21 q l/h a B elg iu m

C an ad a  7 —17 q l/h a F ran ce  21— 24 q l/h a Sw itzer- 32— 37 q l/kh

P o la n d  13— 15 q l/h a  

H u n g a ry  12— 16 q l/h a  

I ta ly  15—20 q l/h a  

R u m an ia  8— 10 q l/h a  

S p a in  9— 11 q l/h a

* 1 q l =  100 kg

lan d  26—34 ql/ha

b)  The pesticides. — T hese chem ica ls  g re a tly  add to  th e  e ffec t o f  fe r til
izers; w ith o u t th e ir  ap p lica tio n , p a r t  o f th e  ex p ec ted  crop is d e s tro y e d  b y  weeds 
a n d  p a ra s itic  in sec ts .

W eeds d raw  on th e  w a te r reserves o f  th e  soil, on th e  n u tr i t iv e  co n ten ts , 
a n d  th e re b y  a ffec t th e  c u ltiv a te d  p la n ts , in  ad d itio n , th e y  p ro p a g a te  fungous 
d iseases and  a re  h o sts  o f a n u m b e r o f  p a ra s itic  insects. So th e  w eeds and 
p a ra s ite s  consum e p a r t  o f th a t  n u tr i t iv e  m a te r ia l ensured b y  fe r tiliz e rs  (T able 
V I I I ) .

A ccord ing  to  re liab le  e s tim a te s , th e  w orld  is losing b y  th e  a c tio n  of 
w eeds an d  o th e r  p a ra s ite s  ab o u t 46 m illion  to n s  of w heat, an d  36 m illion  tons 
o f  m aize every  y ea r. (H u n g a ry ’s losses a m o u n t to  an a n n u a l 7 — 8 th o u sa n d  
m illion  fo rin ts ; see T ab le  I I I .)

T he n a tio n a l econom ic effic iency  o f  chem ical weed co n tro l is ev en  b e tte r  
th a n  th a t  of fe rtilize rs . W hile each  fo r in t  in v es ted  in fe rtilize rs r e tu rn s  ab o u t 
4 to  7 tim es as m u ch  every  y ea r, th e  m o n ey  sp en t on weed c o n tro l m a y  pay  
15 — 20 tim es its  v a lu e ; p ro v id ed  th e  chem ica ls  are  properly  chosen  a n d  app lied .

c) R ecen tly , chem ization  is g a in in g  g ro u n d  also in a n im a l h u sb a n d ry ; 
ho rm o n es increasing  th e  y ield  o f eggs, m ilk , m ea t, etc. are  a d m in is te re d  in 
increasin g  q u a n titie s . Special food m ix tu re s  a re  p repared , th a t  c o n ta in  p ro te in  
s u b s ti tu te s  such  as ca rb am id e , o r g ro w th -s tim u la tin g  horm ones, e tc .

W ith in  th e  general ch em ization  o f  ag ricu ltu re , th e  b io log ica l e ffects of 
p estic ides (herb icides an d  insectides) d ese rv e  some m ore d e ta ile d  d iscussion .

T h e ir g enera l c h a rac te ris tic  is th a t
a)  th e ir  direct effect on low er o rg an ism s is toxic, on h ig h er w arm -b lo o d ed  

o rg an ism s how ever, n ra c tic a lly  n o n -to x ic .
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Table V III [2]

D am age done by parasites, diseases, a n d  weeds

Culture
D am age in  per cen t T otal 

dam age 
per centparasites diseases weeds

M aize 1 0 -1 5 5— 8 15—20 35— 40
P o ta to 3 27 10 40
B e e t 5 20 10 35
R ice 2 10 15 27
W h e a t 5 15 15 35
O th e r  cereals 4—6 5— 7 10— 15 20— 25
T obacco 5 7 8 20
P a p illa ceo u s  fodder p lan ts 20 — 15 35
O th e r  f ie ld  crops 5— 10 5— 10 10 20— 30
P a s tu re s ,  m eadows 10 — 4 0 - 5 0 50— 60
V eg etab les 3 - 7 5— 10 5 - 1 0 18— 22
W ine 8 20 7 35
A pple 3 0 - 3 2 17— 20 1 - 2 50— 52
O th e r f ru its 1 0 - 2 0 5— 10 — 15— 30

a) Lower organisms. In  th e  case of p re p a ra tio n s  o f  non-aim ed effect, th e  
to x ic i ty  m ay  affect a  w ide  ra n g e , from  th e  m ic ro o rg an ism s ensuring th e  se lf
p u r if ic a tio n  of soil, th ro u g h  p la n k to n  and  sn a il to  f is h ; to x ic  dam age h as  a lso  
b een  fo u n d  in several p la n ts ,  m a in ly  of low er o rd e r.

T h e  m ode of a c tio n  o f  th e  various co m p o u n d s h as  been  stud ied  a n d  es
ta b lis h e d , b o th  b io log ica lly  a n d  toxicologically , f i r s t  o f  a ll in th e  case o f  sub-

ТаЫе IX

D D T  concentra tion  in  the popula tion  o f  certa in  countries

Location Organism Tissue Concentration 
(parts per million)

U . S. A. (average) Man F a t l i

A laska (Eskim o) 2.8
E ng land 2.2
W est G erm any 2.3
France 5.2
C anada 5.3
H ungary 12.4
Israe l 19.2
In d ia 1 2 .8 -3 1 .0

(A fte r  W oodwell, [9])
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stan ces  in  w idest use su ch  as th e  ch lo rin a ted  h y d ro ca rb o n s  (D D T , e tc .). T he 
ex ten siv e  ap p lica tio n  o f  D D T  d a te s  b ack  to  W o rld  W a r I I ,  w hen  i t  w as used 
to  co m b a t ep idem ic ty p h u s  b y  k illing  its  v e c to r , th e  louse, la te r  on  "the ag en t 
w as app lied  a g a in s t a ll a r th ro p o d s , fo r in s tan ce , m o squ itoes in  m a la r ia  contro l, 
so “ successfu lly”  t h a t  to d a y  we m ay  reg a rd  o u r e n tire  n a tu ra l  e n v iro n m e n t as 
p ra c tic a lly  c o n ta m in a te d ; p o p u la tio n s  are  u su a lly  “ in fe c te d ”  from  th is  d irec
tio n , even th e  E sk im o s w ith  no a rth ro p o d s  in th e ir  en v iro n m en t, as th e y  come 
in to  c o n ta c t w ith  D D T  th ro u g h  c o n ta m in a te d  an im als  th e y  consum e, e. g. 
seals, fish , etc.

ß) E x p e rim e n ts  w ere perfo rm ed  also in mammals to  s tu d y  th e  im m ed ia te  
to x ic  effect of p es tic id es . I t  has been  found  th a t  th e se  (e. g. c h lo rin a te d  h y d ro 
carbons) are  to x ic  o n ly  in  m assive , n o n -co n v en tio n a l doses, b u t  th e y  m ay  accu 
m u la te  in f a t ty  tissu e  bein g  fa t-so lub le  chem icals. I n  such  cases th e y  are  d ep o s
ite d  in th e  liv e r a n d  th e  c e n tra l nervous sy s tem  an d  are  d am ag in g  these . 
C erta in  organic p h o sp h a te s  p ro v ed  to  be irrev e rs ib le  cho lineste rase  inh ib ito rs  
in  a d d itio n . H e p a tic  lesions w ere fo u n d  in r a ts  a f te r  th e  a d m in is tra tio n  of fo d 
d e r w ith  h igh D D T  c o n te n t;  b u t  tu m o u rig en ic  effects could be p ro d u ced  only 
if  th e  dose w as in c rea sed  an d  th e  tim e  o f exposu re  p ro longed  co n siderab ly .

D D T  m ay  a ffec t h ig h er n ervous a c tiv ity . T h is  was sum m ed u p  in a re 
p o r t  b y  M e d v e d  e t  al. [1 0 ] ,  w ho show ed th a t  th e  ch lo rin a ted  h y d ro c a rb o n s ,th e  
o rg an ic  p h o sp h a te s , a n d  ce rta in  o rganic  m ercu ry  com pounds, in h ib it  cond i
tio n ed  reflex  a c t iv i ty  even  in low doses.

In  1966 Sós  [11] rep o rted  th a t  2 :4  d ich lo ro p h en o x y -ace tic  acid has a 
n eu ro to x ic  effect a n d  d is tu rb s  th y ro id  fu n c tio n .

b) Indirect biological effect
In  h igher w arm -b lo o d ed  organism s th is  e ffec t re su lts  from  th e  u p se ttin g  

o f  th e  ecological b a la n c e . L e t us m ake a b r ie f  an a ly sis  o f th e  w ay  in w hich 
th is  ba lance  is u p se t, an d  w h a t response it  e lic its  in h ig h er w arm -b looded  
o rgan ism  in c lud ing  m a n , an d  le t  us fin d  th e  ex p la n a tio n  of th is  effect.

E ach  reg io n a l u n i t  — an d  th e  soil o f th e  g iven  a rea  w ith in  i t  — o f th e  
n a tu ra l  e n v iro n m e n t h as  a cap ac ity  to  m a in ta in  a ce rta in  p o p u la tio n  b o th  
q u a n tita tiv e ly  a n d  q u a lita tiv e ly . As a re su lt o f  th e  c u ltiv a tio n  o f  th is  given 
soil u n it  and  d ep en d in g  on th e  m an n e r of c u ltiv a tio n , a ce rta in  q u a n t i ty  of 
c u ltiv a te d  p la n ts  w ill grow  as d e te rm in ed  b y  th e  g iven  m icro flo ra  an d  m icro 
fa u n a  of th e  soil; th e re  w ill also be p resen t w eeds d e s tro y in g  tho se  p la n ts , p a ra 
s ites liv ing  on th e m , e tc ., all in a ce rta in  o rd er o f m ag n itu d e . T h is p o p u la tio n , 
m ad e  u p  of v a rio u s  species an d  v a rie tie s , b a lan ced  ag a in st one a n o th e r , will 
un d erg o  a change if  we in te rfe re  w ith  th e  b io log ical p o p u la tio n  eq u ilib riu m  in 
o rd e r to  increase c rops, e. g. b y  m eans o f pestic id es . T he re su lt w ill be an 
u p se ttin g  of th e  b io log ica l b a lance .

In  fav o u rab le  cases, th e  y ield  o f c u ltiv a te d  p la n ts  w ill rise, especially  if 
th e  ad d itio n a l n u tr i t io n  in tro d u ced  in to  th e  soil b y  m eans of fe rtilize rs  can  be
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p ro te c te d  b y  using pestic id es  a n d  insectic ides; w eeds an d  p a ra s ite s  w ill d ie  —b u t 
th e  p la n t  an d  an im al p o p u la tio n  liv ing on th e se  w ill change s im u ltan eo u sly , 
in c lu d in g  popu la tions w hose  a rtif ic ia l chang ing  w as n o t ou r in te n tio n . B u t, 
e v e n tu a lly , if selection  a n d  dosage of th e  su b s ta n c e s  w as well d ire c te d , th e  
r e s u l t  o f  th e  ecological ch an g es  w ill be a p o s itiv e  one d esp ite  th e  sh ifts  of 
in te rn a l  p roportions, a n d  w ill e n ta il no h a rm fu l consequences. T h is s ta te  of 
c h a n g e d  balance w ill la s t  n o  longer, or h a rd ly  lo n g er, th a n  th e  in te rv e n tio n  
its e lf ;  as  soon as th e  la t te r  h a s  ceased , th e  o rig in a l p o p u la tio n  e q u ilib riu m  will 
be  re s to re d .

B u t  if  th e  case is u n fa v o u ra b le , if  w ide-range  n o n -ta rg e t chem icals are 
a p p lie d , u p se ttin g  of th e  b a la n c e  m ay  assum e such  an  e x te n t th a t  th e  q u a n t i ta 
t iv e  ch an g es  in p o p u la tio n s o f  v a rio u s  species, th e  in te rn a l sh ifts o f p ro p o rtio n s , 
m a y  h a v e  q u a lita tiv e  co n seq u en ces (see F ig . 3).

A s a resu lt o f such  in te rv e n tio n  w ith  chem icals n o t only  th e  p a ras ite s , 
b u t  a lso  th e  parasites  o f th e s e  p a ras ite s  m a y  he  d es tro y ed ; th e  consequence 
m a y  b e  th a t  useful an im als  a n d  p la n ts  suffer a n d  p a ra s ite s  becom e p red o m i
n a n t  in  an  effort to  re s to re  th e  p o p u la tio n  b a lan ce . P ro p a g a tin g  along  th e  
b io lo g ica l chain reac tio n  o f  e v e n ts , these  p a ra s ite s  m ay  ev e n tu a lly  becom e so 
p o w e rfu l — even if  th e  c ro p  increases m eanw hile  — th a t  d am ag e  even  th e  
h ig h e r  w arm -b looded  o rg an ism s, even m an liv ing  in  such  e n v iro n m en t.

C a r s o n  [13] w as  t h e  f i r s t  t o  d r a w  a t t e n t i o n  t o  t h e  ideas  r a i s e d  h e re  b y  
s h o w i n g  t h a t  th e  u p s e t t i n g  o f  t h e  ecological b a l a n c e  in  su c h  an  u n f a v o u r a b le  
d i r e c t i o n  t a k e s  p lace  as  a  c h a in  re a c t io n .

P estic id es  app lied  on th e  su rface  en te r th e  soil, p e n e tra te  in to  th e  g round  
w a te r  o r  m a y b e  sw ep t b y  ra in  in to  surface w a te rs . T he f irs t consequence  will 
be t h a t  low er aq u a tic  o rg an ism s begin  to  d ie, fo llow ed b y  c ray fish  an d  fish 
feed in g  on them . An e x ten s iv e  d es tru c tio n  o ffish  in  H u n g a ry ’s L ake B a la to n  to o k  
p lace  th ro u g h  a sim ilar c h a in  o f even ts in  1965 (see F igs 4, 5 a n d  T ab le  X ).

I t  has been show n, fo r  in stan ce , t h a t  f lo a tin g  u n ice llu la r o rganism s 
c o n c e n tra te  the  pestic ides, a n d  th a t  such c o n cen tra tio n s  m ay  be 25 tim es  h igher 
th a n  t h a t  o f th e  w a te r in  w h ich  th e y  live an d  fro m  w hich th e y  h a d  ingested  
a n d  a c c u m u la ted  th e  p e s tic id e s . T h e  n ex t lin k  o f th e  chain  is sm all fish  feeding 
on  th e s e  un ice llu lar o rg an ism s. In  th e se  th e  c o n c e n tra tio n  m ay  be even  30 tim es 
h ig h e r  th a n  it  has been  in  th e  p lan k to n s  th e y  consum ed . A ccu m u la tio n  c o n tin 
ues in  f ish  feeding on th e se  sm a ll fish , an d  c o n c e n tra tio n  m ay  becom e 8 tim es 
as h ig h  as i t  had  been  in  th e  la t te r .  The re su lt is an  ex ten siv e  d e s tru c tio n  
o f  c ra y f ish  and  fish, fo llow ed b y  th a t  of b ird s , especia lly  of th o se  w h ich  feed 
on ra in w o rm s th a t  are  also a b le  to  co n cen tra te  la rg e  q u a n titie s  of D D T . (To kill 
a t e r n  o r  a rob in , 10 such  ra in w o rm s suffice — a n d  these  g reedy  b ird s  can  e a t 
so m a n y  rainw orm s in a m a t te r  o f m inutes) (F ig  6).
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P h ilodendron  scandens s О © о о о о о © •

w о © о о о о о о •

Syngonium  au ritu m s о О О о о о о © ©

w о © о о о о о © о

P eperom ia g labella s о о о о о © © о •

w о © © о о © © © ©

Peperom ia g labella  föl. v a r . s о о о о о © о о •

w о © о о о о о © ©

P eperom ia tith y in a lo id es  fob var. s о О о о о © о о ©

w о о о о о о о о ©

P eperom ia hederifo lia s о О о о о © © © •

w о • о о о © © © •

Schefflera actinophy lla s о о о о о о о о о

w о о о © о о о о о

F atsia  jap o n ica s о О о о о о о о ©

w о О о о о о о о о

Ficus e lastica  decora s о о О о о о о о ©
w о о о о о о о о о

A sparagus sprengeri s о © • © о о • © •

w о о © © о о о о •

E ffec t of sp ra y in g  w ith  various insectic ides on  v a rio u s o rn a m e n ta l p la n ts  (d a ta  by  
S a u t h o f f , 1960, [12j )
О  six  sp ray in g s a t  d o u b le  co n cen tra tio n  cau sed  no d am ag e
(•) th re e  sp ray in g s  a t  p rescribed  co n ce n tra tio n  w ere to le ra te d ; six  sp ra y in g s  o r  double  

c o n c e n tra tio n  p ro v e d  to  be harm fu l
•  even  th ree  sp ra y in g s  a t  p rescribed  c o n c e n tra tio n  w ere n o t to le ra te d .

Fig. 3 . 12
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I f  th e  aforesaid  o rg an ism s a re  exposed to  low er, su b le th a l c o n c e n tra tio n s  
of p e s t ic id e s  (é. g. D D T), th e  b io lo g ica l consequences a re  n o t  so v io le n t; o rg a 
n ism s t h a t  ingested  such doses, o n ly  tu rn e d  s te rile .

2 POUNDS
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DUST
ANIMAL AND 

PLANT CYCLE:

MIGRATING
ANIMALS

MIGRATING
LEACHING' ANIMALS

STEM .L FLOW
LEAF FALL

SURFACE WATER

■FIXATION 
IN SOILFROM Э01Ц 5 POUND 

MINERAL SOIL

4  POUNDS PER ACRE

- t I T lWATÉRTABLE.

F ig . 4

B e y o n d  all th is , th e  u p s e t t in g  of th e  ecological ba lan ce  has b een  o b 
se rv e d  a lso  in  th a t  n o t o n ly  in se c ts , b u t  even som e ro d e n ts , and  th e  sm alle r 
a n im a ls  feed in g  on the  la t te r ,  d ie d  in  fo rests a f te r  excessive sp ray in g  w ith  D D T .

T h e  q u estio n  of th e  on co g en ic  effect o f pestic id es  w as ra ised  b y  O s e r  [14] 
in  1962 . H e  w as able to  in d u ce  tu m o u r  of th e  liv e r in  15 ra ts  b y  k eep in g  th e m  
fo r 18 m o n th s  on a d iet c o n ta in in g  excessive q u a n tit ie s  o f D D T  (100— 800
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m g/kg). F it zh u g h  [15] in 1964 re p o rte d  t h a t  th e  ad m in is tra tio n  o f  m assive 
doses of a ld rin  a n d  d ie ld rin  caused h e p a to m a  in  m ice, and liv er c a n c e r  in ra ts .

T he b io log ica l effect of sy n th e tic  p re m ix  is less clear, b u t  t h a t  m uch 
seem s ce rta in  t h a t  th e  su rp lus yield  of m e a t , o b ta in ed  in th is  w ay , is n o t ind if

fe ren t b io log ically . F ro m  th e  econom ic p o in t o f view th e  re su lts  c a n n o t be 
qu estio n ed ; th e  su rp lu s  p ro d u c tio n  of m e a t  is accelera ted , an d  th e  e x p e n d itu re  
reduced , b u t  th e  b io log ical value of m e a t o b ta in e d  in th is w ay  is h ig h ly  d isp u t
ab le  and m ay  even  h a v e  d e tr im en ta l e ffec ts . T he problem  is a g g ra v a te d  by 
recen t “ m ea t f a c to ry ”  p rac tices to  s la u g h te r  y o ung  anim als r a th e r  th a n  old 
ones; b u t  th e  y o u n g  an im als  are  still s a tu r a te d  w ith  grow th h o rm o n e  !

A good illu s tra tio n  of these  concerns w as th e  “ chicken w a r”  b e tw e e n  th e  
U .S.A . an d  th e  G erm an  F edera l R e p u b lic : m ak ing  reference to  biological 
consid era tio n s, th e  food in d ustries of th e  G erm an  Federal R e p u b lic  p ro te s ted
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Table X

S o m e d a ta  on the d istribution  a n d  concentration o f  D D T  residues after W o o d w e i l  [ 9 ]

Location Organism Tissue Concentration 
(parts pe r million)

C alifo rn ia P la n k to n 5.3

C alifo rn ia B ass E d ib le  flesh 4 — 138
C alifo rn ia G rebes V isce ra l f a t up  to  1,600
M o n tan a R o b in W hole  b o d y 6.8— 13.9

W isconsin C rustacea .41

u. S. A . W isconsin C hub W h o le  b o d y 4.52

W isconsin G u ll B ra in 20.8
M issouri B a ld  eagle E ggs 1.1— 5.6

C onnecticu t O sp rey E ggs 6.5

F lo rid a D olp h in B lu b b e r ab o u t 220

C an ad a W oodcock W hole  bod y 1.7
A n ta rc t ic a P e n g u in F a t .015— .18
A n ta rc t ic a Seal F a t .042— .12
S c o tlan d E ag le E ggs 1.18
N ew  Z e a la n d T ro u t W hole  bod y .6— .8

a g a in s t th e  im p o rta tio n  o f su c h  “ fac to ry  c h ic k e n ”  ra ised  on a specia l d ie t  a t  
less c o s t th a n  in G erm any . T h is  chicken w ar w as in  all p ro b ab ility  m a in ly  an  
eco n o m ic  co n tro v ersy , b u t  to  d en y  th e  p o ss ib ility  of biological h a z a rd s  is 
c e r ta in ly  n o t  ju stified . B u t w e n e e d  n o t look fo r  ex am p le s  ab road . In  H u n g a ry , 
in  C o u n ty  B a ran y a , th e  m e a t o f  pigs ste rilized  w ith  horm ones had  to  b e  w i th 
d ra w n  f ro m  d is trib u tio n  as th is  m e a t p roved  to  b e  b io log ica lly  ac tive  in  fe m a le  
c o n su m e rs  !

W h a t  is to  be done?
a )  C h lo rina ted  h y d ro c a rb o n s  ten d in g  to  p ro d u c e  tox ic  and c u m u la tiv e  

e ffec ts  m u s t  n o t be sold. (O rd e rs  h av e  been issu ed  a n d  tim e  lim its se t in  th is  
re s p e c t , o n ly  th e  dead line  fo r  ca rry in g  o u t th e se  m easu res seems so m e w h a t 
long in  case  o f certa in  e x e m p t p re p a ra tio n s , su ch  as L y n d an .)

I t  sh o u ld  be n o ted  t h a t  th e  hazards o f  c h lo r in a te d  h y d ro ca rb o n s  a re  
in c re a se d  b y  th e  resis tan ce  o f  th e se  com pounds. M icrob ia l effects a re  h a rd ly ,  
if  a t  a ll ,  a b le  to  decom pose th e m , w hile even  n o rm a l doses of such p e s tic id e s  
can  r a p id ly  d estro y  a co n sid e rab le  p ro p o rtio n  o f th e  soil popu la tion , p a ra ly z in g  
th e re b y  th e  m ineralizing , se lf-p u rify in g , n itr ify in g  a b ility . T he effect m a y  la s t  
from  a  few  weeks up to  3 m o n th s ; a f te r  ap p lic a tio n  h as  been d isco n tin u ed , th e  
m ic ro b ia l p o p u la tio n  g ra d u a lly  re tu rn s  to  n o rm a l an d  th e  se lf-p u rifica tio n  
c a p a c i ty  o f  th e  soil w ill be re s to re d .
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b)  C oncern ing  d ire c t effects, p o te n tia l ly  te ra to g en ic  (oncogenic) an d  
m u tag en ic  p re p a ra tio n s  m u s t be e lim in a ted .

c) P r io r ity  shou ld  be a llo tted  to  th e  co -o rd in a tio n  of sc ien tific  a g r ic u ltu r 
al re sea rch  an d  p ra c tic a l a c tiv ity  w ith  b io lo g ica l an d  en v iro n m en ta l hyg ien ic  
research .

IY

Conclusion

T echn ical p ro g ress  has ensured  n o t o n ly  a d v a n ta g e s  th a t  re n d e r  civilized 
m a n ’s life easier, b u t  also b ro u g h t d ifficu lt n ew  prob lem s, even irreco n c ilab le  
co n trad ic tio n s .

W hich  a re  th e s e ?
P e rh ap s  th e  g ra v e s t p roblem  is t h a t  tech n o lo g ica l progress is to o  fa s t  to  

be follow ed b y  th e  a d a p ta tio n  o f m an . T h is  “ d ev e lo p m en t a p a r t” , w ith  th e  
en v iro n m en t beco m in g  m ore an d  m ore  a rtif ic ia l, an d  hav in g  in c reas in g ly  
v io len t d e n a tu r in g  effects, th re a te n  to  e n g u lf  m a n  him self.
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C an  th is  co n trad ic tio n  b e  resolved ? Is  th e re  a w ay  ou t of th is  d e a d  a lley?
T h e  dangers th re a te n in g  from  m ore a n d  m o re  artific ia l e n v iro n m e n ts  

h a v e  b e e n  h in ted  a t  in  an  e a r lie r  fo rm u la tio n  o f  o u r  se t of p roblem s, in  co n n ec 
tio n  w ith  an  analysis o f th e  p u b lic  h ea lth  h a z a rd s  o f u rb an iza tio n . N o d e ta ile d  
p ro o fs  a re  req u ired  to  show  t h a t  w h a t we h a v e  d iscu ssed  so fa r does n o t  re p re 
s e n t iso la te d , novel p ro b lem s o f e n v iro n m en ta l h y g ien e , b u t  is closely c o n n e c t
ed  w ith  th e  problem s o f u rb a n iz a tio n .

H o w ?
T h e  b io logically  a c tiv e  su b stan ces we h a v e  d iscussed a p p e a r  in  o u r 

e n v iro n m e n t in increasing  q u a n tit ie s  as a re su lt o f  in ten sified  in d u s tr ia liz a tio n  
a n d  th e  connec ted  a c c e le ra tio n  of u rb a n iz a tio n ; th is  is va lid  likew ise if  we 
c o n s id e r  th e  biologically  a c tiv e  inorgan ic  su b s ta n c e s , or th e  organic co m p o u n d s  
w h ich  a re  s till m ore p ro b le m a tic a l as concerns th e  h aza rd s . T he m o st e sse n tia l 
are

1) d e te rg en ts ,
2) p la s tic s , an d
3) chem iza tion  o f a g ric u ltu re .
L e t  us see a fte r  th e se  p re lim inaries w h e th e r  th e re  ex ists a w ay  o u t of 

th e  c o n tra d ic tio n  th a t  seem s irreso lvab le  b io lo g ica lly .
T h e  answ er is b r ie f  a n d  un eq u iv o ca l: th e re  e x is ts  such a w ay.
H o w ?  — W ith in  th e  scope of general c h e m iz a tio n  we m ust p ro d u c e  — or 

se lec t f ro m  th e  ex isting  ones — only  su b stan ces w h ich  are usefu l fo r in c rea s in g  
eco n o m ic  efficiency, b u t  do n o t  a t  th e  sam e tim e  increase  w ith  new  d e n a tu r iz -  
ing e ffec ts  th e  bio logical lo a d  th a t  b u rd en s m a n  in  h is m ore and  m ore  a rtif ic ia l 
u rb a n  e n v iro n m e n t a n d  in  h is u rb an iz in g  v illag e  en v iro n m en t.
In  more detail:

1 )  Detergents. — In  th is  field , only  co m p o u n d s  should  be p e rm issib le  in  
th e  f u tu r e  w hich are  n o t  d ire c tly  tox ic  to  m a n , do  n o t  dam age th e  se lf-p u rif i
c a tio n  o f  w a te r  and  do n o t  im p a ir  aq u a tic  life, a n d  do n o t affect th e  eco logical 
e q u ilib r iu m . C onsequen tly , th e  d e te rg en ts  m u s t b e  m ad e  up of m olecu les t h a t  
a re  e a s y  to  decom pose b io lo g ica lly  in  th e  course o f  sew age tr e a tm e n t ,  so t h a t  
n o t  e v e n  th e  en d -p ro d u c ts  sh o u ld  c o n s titu te  a d a n g e r  to  th e  re c ip ie n t, to  its  
n a tu r a l  se lf-p u rifica tio n .

T h e se  req u irem en ts  a re  m e t only  b y  so f t  d e te rg en ts . T hese  h y g ien ic  
r e q u ire m e n ts  get in creasin g  accep tan ce  a ll o v e r th e  w orld , an d  m u s t b e  ta k e n  
in to  a c c o u n t a t  th e  p ro d u c tio n  o f basic su b s ta n c e s ; ex isting  in d u s tr ia l p ro d u c 
t io n  m u s t  be  redesigned  in  th is  d irec tion . T h is is a ll th e  m ore u rg e n t since  we 
m u s t  a v o id  a delay  in  th e ir  in tro d u c tio n  to  a v o id  biological d am ag e  cau sed  
b y  h a r d  d e te rg en ts .

2 )  Plastics. — T his la rg e  g roup  of co m p o u n d s ap p ears  in our e n v iro n m e n t, 
in  o u r  m icrom ilieu , a n d  is ap p lied  in o u r h o m es as w a te r-f lo ccu lan ts  (see 
S e d o sa n ), w all p a in ts  a n d  co v ers , p lu m b in g  f ix tu re s ,  in  household  d ev ices , e tc .
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In  se lec ting  th e  com pounds to  be  u sed , care should be ta k e n  t h a t  th e ir  
w a te r-so lu b ility  b e  low , so th a t  th e y  sh o u ld  n o t  poison m an  u s in g  th e m  and 
com ing  in to  c o n ta c t w ith  th em .

3) The problems o f chemization, th e  re la te d  questions o f  h y g ien e  and  
th e ir  so lu tio n , a re  even  m ore d ifficu lt a n d  m ore com plex th a n  th e  o thers.

T his app lies especia lly  to  th e  p es tic id e s , w hich ac t m a in ly  th ro u g h  th e  
u p s e ttin g  of th e  ecological ba lan ce , an d  m a y  cause irrep a rab le  d a m a g e  espe
c ia lly  if  exposure  is la s tin g .

Y e t, d esp ite  a ll com plica tions, i t  h as  becom e increasing ly  c lea r a n d  ev i
d e n t  d u rin g  th e  p a s t  10 y ears  w h a t we h a v e  to  do here. F o r  i t  h a s  becom e 
o b v ious th a t  we a re  ab le  to  in te rfe re  ch em ica lly  w ith  ecological b a la n c e  in our 
en v iro n m en t a n d  m a y  accom plish  te m p o ra ry  increase in y ie ld s — b u t  if  all 
th is  is done w ith o u t due c ircu m sp ec tio n , th e  re su lt will be a g en e ra l b io logical 
d e s tru c tio n  an d  c a n n o t th ere fo re  be  la s tin g ; as tim e  passes, th e  r e s u lts  decrease 
a n d  th e  p a ra s itic  effect becom es d o m in a n t.

T h is  app lies especially  to  c h lo r in a te d  hydrocarbons. F o r  ex a m p le , the  
w ide ly  used  dieldrin  is a p o te n t in sec tic id e , b u t  n o t only of p a ra s ite s  ! Y e t th is 
h a s  ap p ea red  o n ly  a f te r  m a n y  y ea rs  o f  u se , b y  th e  tim e it h a s  b eco m e ev id en t 
t h a t  th e  com p o u n d  can  cause d am ag e  in  th e  fa u n a . T his is w h y  a f te r  recogn iz
ing  th is  p ro p e rty  som e a u th o rs  te rm e d  th e  m urderous effect o f  d ie ld r in  as th e  
“ biological a to m ic  b o m b ” .

So it  is a la u d a b le  decision th a t  am o n g  th e  firs t in th e  w o rld , in  H u n g a ry  
th e  use o f th ese  p re p a ra tio n s  (excep t L y n d a n )  w ill be p ro h ib ite d  fro m  J a n u a ry  
1, 1968. T h is m easu re  is a m ost tim e ly  one , since in th is  w ay w e e lim in a te  from  
th e  process o f ch em iza tio n  th o se  c o n ta c t po isons w hich, even  if  th e y  m ain ly  
a ffec t low er o rg an ism s, p la n ts , in sec ts , e tc .,  — do no t decom pose w ith in  th e  
o rgan ism , m ay  a c c u m u la te  th e re , an d  m a y  th e re fo re  becom e a m en ace  to  h igher 
w arm -b looded  o rg an ism s inc lud ing  m a n , especia lly  if th e  av e ra g e  life -sp an  of 
seven  decades is ta k e n  in to  acco u n t.

In  ad d itio n , th e  d an g er in v o lv ed  in  th e se  com pounds is in c re a se d  b y  the  
fa c t  th a t  th e y  a re  dep o sited  in  f a t ty  tis su e , an d  if  th e  vo lu m e o f th is  tissue 
is su d d en ly  re d u ced  b y  som e fa c to r , th e y  m a y  cause severe, p o ss ib ly  fa ta l, 
a u to - in to x ic a tio n  w ith o u t an y  a d d itio n a l ch arg e  from  e x te rn a l sou rces. This 
is especially  e v id e n t a t  th e  end  o f w in te r , a t  th e  tim e of p a r t ia l  s ta rv in g  due 
to  d ifficu lties in  fin d in g  food. W ith  th e ir  red u ced  volum e o f f a t t y  tis su e , fish 
a n d  even c e r ta in  m am m als , m ay  die in  m asses w ith o u t a n y  a p p a re n t  reason , 
w ith o u t an y  new  exposu re  to  D D T .

C o nsequen tly , w hen  p ro d u c in g  new  com pounds, chem ical in d u s try  m ust 
he  aw are  o f a ll th is  in th e  fu tu re . I t  is th e re fo re  th a t  p re p a ra tio n s  o f  a general 
a n d  ex tensive  k illing  effect are  b e ing  g ra d u a lly  e lim inated  fro m  am o n g  th e  
pestic ides, an d  t h a t  p re p a ra tio n s  o f se lec tiv e  ac tion  are ga in ing  g ro u n d . These 
a c t in an  aim ed m an n e r, th e ir  sp e c tru m  is n a rro w , d irec ted  a g a in s t som e given
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p arasite*  an d  do n o t  u p s e t  d ra s tic a lly  th e  eco log ica l b a lance ; co m p ared  to  
d ie ld r in , th is  is a c o n s id e ra b le  accom plishm en t.

I t  seem s, how ever, t h a t  w e m u st n o t s to p  ev e n  h e re . F o r it  is in c reasin g ly  
e v id e n t  t h a t  th e  m a in te n a n c e  o f  a d e lib era te , p o s itiv e  ecological b a lan ce  — or 
p o ss ib ly  its  im p ro v em en t — can  b est be  a p p ro a c h e d  b y  biological m ean s .

H o w ?  F or ex am p le , b y  causing  a rtific ia l m icrob io log ica l epidem ics a n d  
a t t a c k  th e  p a ra s ite , o r  p r e v e n t  its  re p ro d u c tio n  b y  s te riliza tion , e. g. b y  
i r r a d ia t in g  th e  m ales. P la n t  im p ro v em en t, p la n t  g en e tic s , e tc ., also be lo n g  to  
th is  f ie ld .

I f  th e se  p ro ced u res  w o u ld  becom e m o re  successfu l as a re su lt o f  o u r 
re se a rc h  ac tiv ities  in  th is  d o m a in , p a r t  of th e  ch em ica ls  used  a t  p resen t m ig h t 
b eco m e  unnecessary .

W h e n  we shall h a v e  re a c h e d  th is  p h ase  o f  p ro g ress , we shall sp e a k  of 
th e  b io log iza tion  of a g r ic u ltu re  r a th e r  th a n  o f its  c h em iza tio n ; and  ch em iza tio n , 
th e  chem ica ls  — lim ited  to  th o s e  of aim ed a c tio n  — w ill h av e  only to  co m p le te  
th e  accom plishm en ts o f  th is  new  tre n d . A nd th is  w o u ld  be no sm all a c h ie v e 
m e n t, in d eed , as concerns th e  reduc tion  of e n v iro n m e n ta l harm .

D id  we resolve in  th is  w ay  th e  fu n d a m e n ta l co n trad ic tio n  th a t  ex is ts  
b e tw e e n  m an and  his e n v iro n m e n t becom ing m o re  a n d  m ore a rtific ia l — or, 
m o re  e x a c tly , be tw een  m a n ’s a d a p ta b ility  a n d  th e  technological re v o lu tio n  
t h a t  th re a te n s  to  en g u lf h im  w ith  its  diseases o f  c iv iliz a tio n , harm s of u rb a n i
z a tio n  ?

W e did  so only  in  part.
F o r  it  is obvious t h a t  if  these  suggestions w ere realized, p a r t  o f  th e  

d e n a tu r iz in g  harm s th a t  th r e a te n  m an in h is m o re  a n d  m ore  artific ia l e n v iro n 
m e n t, a n d  perhaps th e  m o s t dangerous ones, co u ld  b e  e lim inated , or a t  le a s t 
re d u c e d , b u t  th is  is n o t  all.

M uch  can be d one  in  ad d itio n  to  re so lv e  th is  co n trad ic tio n , ev en  on 
th e  p a r t  of m an h im se lf  b y  increasing  his re s is ta n c e , to  m ake h im  f i t  fo r 
ta k in g  a n d  w ard ing  o ff th e  ex te rn a l, e n v iro n m e n ta l, d ena tu riz ing  im p a c ts  
w ith  a b e t te r  en d u ran ce , w ith  a b ro ad er sp e c tru m  o f a d a p ta tio n .

H ow ?
W ith  cond ition ing , t r a in in g , to  m ake th e  o rg an ism  stronger p sychoso- 

m a tic a lly , to  m a in ta in  i t  in  a  s ta te  of po sitiv e  h e a lth , th a t  is, to  en su re  an  
o v e ra ll func tio n in g , a b io lo g ica l dynam ic b a la n c e  t h a t  ren d er th e  o rg an ism  
m o re  su ita b le  for re s is tin g  e x te rn a l, d en a tu riz in g  h a rm s .

T o  give an item ized  l is t  o f  th e  task s  th a t  o u g h t to  b e  done for th is  p u rp o se  
w o u ld  b e  beyond  th e  scope o f  our paper. S uffice  i t  to  say  therefo re  t h a t  to  
a p p ro a c h  all these  ta rg e ts ,  m o d e rn  m an m u s t c h an g e  h is w ay of liv in g . H e 
m u s t  liv e  in  a w ay th a t  e n su re s  th e  op tim al b io rh y th m  o f th e  given p o p u la tio n .

H ow  are  we to  a c c o m p lish  th is  ? In  w h a t re sp e c ts  m u st we change o u r 
w ay  o f  life led so fa r  ?
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a) Daily work m u s t be in p ro p o rtio n  w ith  th e  o rg an ism ’s to le ran ce , b o th  
in  q u a lity  and  tim e ; w ith in  th is , w ork shou ld  n o t o n ly  be a m eans o f  earn ing , 
h u t  should  sa tis fy  th e  am b itio n s  o f th e  in d iv id u a l, to  co m p en sa te  h im  b o th  
p sych ica lly  and  so m a tic a lly  fo r th e  possib le longest tim e .

b) Active recreation. D a ily  fa tig u e  re su ltin g  from  o c c u p a tio n  m u st be 
reso lved  by  ac tiv e  re c re a tio n . R ecrea tio n  shou ld  co nsist o f a c tiv itie s  sa tisfy ing  
c u ltu ra l needs, o f exerc ise , am u sem en t, e tc .

c) Complete rest, sleep. — T h is shou ld  he  rea lized  d u rin g  8 h o u rs  o f th e  
d a y  b y  m eans o f  h e a lth y , re s tfu l sleep th a t  ensures co m p le te  reg en era tio n .

Is  th e  d ic ip line  o f hyg iene  ab le to  reso lve all th e se  c o n tra d ic tio n s , to  
rea lize  all these  p ro m is in g  e n d eav o u rs?

N ot a t all !
W e have ta k e n  m a n y  a n d  long s tep s  fo rw ard  b y  th e  m o d ern  th eo re tica l 

d ev e lo p m en t in o u r specia lized  b ra n c h  o f science — b u t  th is  w ill n o t do in 
itself.

F o r tu n a te ly , h y g ien e  com m u n ica tes  w ith  p ra c tic a lly  all n a tu ra l  sciences 
o v er a w ide field , a n d  w ith  n e a r ly  all re la te d  research  w ork  in basic  discip lines, 
a n d  m a in ta in s  re la tio n sh ip s  also w ith  th e  social sciences, m a in ly  w ith  social 
hyg iene  and  econom ics. T h e  d iscip line o f hyg iene  m u s t he in te g ra te d  w ith  these, 
to  m ak e  th e  b e s t a p p ro x im a tio n  to  th e  fu n d a m e n ta l p u rp o se  to  keep m an 
h e a lth y  up  to  th e  lim its  o f b io logical possib ilities.

So our a c tiv itie s  m u s t be  ex ten d ed  to  include th e  im p o r ta n t  b ran ch es  of 
b io logy , of te ch n o lo g y  an d  th e  social sciences, and  to  p roceed  a t  a live lier ra te . 
If  th is  co -opera tion  w ill re a lly  be w ork ing , we shall be ab le  to  m u ltip ly  our 
ach iev em en ts  a n d  en rich  o u r fie ld  w ith  acco m p lish m en ts  t h a t  cou ld  n o t have 
been  ach ieved  b y  go ing  se p a ra te  w ays.

F o r we are  th e  co n tem p o ra ries  o f a social an d  sc ien tific  rev o lu tio n  never 
d re a m t of in p a s t  c en tu rie s , an d  we a re  in possession o f tre m e n d o u s  pow ers. 
T hese  have  th e  s im u lta n e o u s  p o te n tia li ty  o f becom ing  d e s tru c tiv e  b u t  also of 
becom ing  our b e s t  allies if  we h arn ess  th em  for se rv ing  a fu lle r, m ore  hum ane, 
h e a lth ie r  life.

T h a t  th is  b e  so dep en d s v e ry  m uch on us. T h e  d isc ip line  o f h yg iene  serves 
th is  p u rpose ; and  so does th is  p a p e r b y  ra is in g  som e ideas fo r co n sidera tion .
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A. I. Sviridov: A natom ic  A tla s o f  the L y m p h  C apillaries. Z dorovya, K iev  1966. 150 pages, 
256 figu res

T his ex ce llen tly  p resen ted  volum e deals w ith  th e  ly m p h  cap illa ry  sy s te m  o f m am m als 
an d  m an , based  p re v a len tly  on m icro p h o to g ram s o f in jec ted  m ateria l. On th e  f ir s t  pages there  
a re  som e sk e tches show ing th e  s tru c tu re  an d  in n e rv a tio n  of ly m p h  capillaries. T h e  illu s tra tio n s  
show ing th a t  th e  re d u c tio n  of th e  ly m p h a tic  sy s te m  w ith  advancing  age c o n sid e rab ly  precedes 
senile in v o lu tio n  are  o f  p a r tic u la r  in te res t. O th e r m icro p h o to g ram s illu s tra te  t h a t  i t  is th e  s tru c 
tu re  an d  fu n c tio n  of th e  in d iv id u a l organ  w h ich  d e te rm in e  th e  ev o lu tion  a n d  o rg a n iz a tio n  of 
i ts  ly m p h a tic  n e tw o rk , in  fa c t th e  ly m p h a tic  a p p a ra tu s  is even  m ore d e p e n d e n t on  th e  organ 
it  supplies th a n  are  th e  blood capillaries. On th e  g ro u n d s  of his s tru c tu ra l o b se rv a tio n s  th e  a u 
th o r fu r th e r  cla im s t h a t  in  th e  course o f e v o lu tio n  th e  ly m p h a tic  a p p a ra tu s  h ad  o r ig in a ted  from 
a se p a ra te  v a sc u la r  u n i t  in d ep e n d en t o f th e  o rg an s  o f  b lood circula tion .

I t  is to  be re g re tte d  th a t  such a re m a rk ab le  w ork  should  rely  on  th e  in tra p a re n c h y m a l 
in jec tio n  tech n iq u e  a lone, th o u g h  th e  sources o f e rro r  in h e re n t in th is  p ro ced u re  a re  all to o  well 
know n. W e w ould  h av e  w elcom ed th e  a d d itio n a l ev id en ce  supplied  b y  som e o th e r  m e th o d  which 
m ig h t hav e  conv inced  us t h a t  th e  vascu la r n e tw o rk  th u s  v isualized  was a c tu a lly  m ad e  up of 
ly m p h  capillaries.
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ACTA M E D IC A
TOM 24 — ВЫП. 3

Р Е З Ю М Е

ОПЫТ ЛЕЧЕНИЯ ХРОНИЧЕСКИХ ПОЧЕЧНЫХ БОЛЬНЫХ
Ф. БАЛОГ, Й. ПИНТЕР, А. КАРАЧОНЬ и Т. СЕЛЕШТЕЙ

Применение маннита означает новую эпоху в терапии уремических больных и в 
области повышения трудоспособности почечных больных. Внедрение комплексного 
антиуремического лечения при дополнении с маннитом и успешность произведения опе
рации под защитой маннита предоставили возможность для пересмотра вопроса о про
тивопоказаниях операции по поводу заболевания почек. У больных, у которых раньше 
ввиду хронической уремии работа почек не могла компенсировать нагрузку от интер- 
куррентной болезни, повышенной температуры или операции, теперь, в результате свое
временной дачи маннита можно преодолеть кризис и в большинстве случаев спасти их 
от смерти. Ввиду действия маннита на обмен электролитов, на сердце и на кровообра
щение, во время терапии больные нуждаются в тщательном контроле, чтобы избегнуть 
все осложнения от дачи маннита. При правильном отборе больных и при согласовывании 
продолжительности лечения, количества маннита, прочих терапевтических мероприятий 
и срока эвентуальной операции у большинства больных можно достигнуть благоприят
ного эффекта препарата.

ДЕЙСТВИЕ ТРИЙОДИРОВАННЫХ КОНТРАСТНЫХ ВЕЩЕСТВ ДЛЯ 
ИССЛЕДОВАНИЯ ЖЕЛЧНОГО ПУЗЫРЯ НА СЕРДЕЧНО-ДЫХАТЕЛЬНУЮ

СИСТЕМУ

Л. СЛАВИ и П. ЛЕНДЬЕЛ

Авторы исследовали действие контрастных веществ типа йодипамида и дигликоло- 
вой кислоты, применяющихся для холецистографии, на сердечно-дыхательную систему. 
Установлено, что направление и место введения, а также количество и химическая струк
тура препарата влияют на тяжесть симптомов. Наибольшую нагрузку для сердечно
дыхательной системы означают соединения типа йодипамида MG. Производные, имею
щиеся в продаже в виде лишь йодипамида, вызывают значительно меньшее падение кро
вяного давления и меньшие изменения дыхания. Среди трийодированных контрастных 
веществ, служащих для исследования желчного пузыря, производные дигликоловой 
кислоты представляют наименьшую нагрузку для сердечно-дыхательной системы.

Ответственными за изменения ЭКГ являются количество контрастного вещества 
и место его введения.

Падение кровяного давления можно объяснить патомеханизмом, напоминающим 
рефлекс Бецольд—Яриша.

Дачей атропина перед проведением холецистографии можно предупредить или 
предотвратить изменения ЭКГ и дыхания.

Вводимое количество контрастных веществ для холецистографии, имеющихся 
ныне в продаже, определяется из расчета 1,0— 1,3 мл на кг веса тела.

Для практики наиболее подходящим являются соединения тина дигликоловой 
кислоты и типа йодипамида.



НЕКОТОРЫЕ ПРОБЛЕМЫ СИНДРОМА ФАНКОНИ 
(СИНДРОМА ДЕ Т О Н И -Д Е БРЕ -Ф А Н К О Н И )

Ф. КЕРТЕС

Автор искал у 63-летней больной с остеопоромаляцией и интермиттирующей гли- 
козурией прочие симптомы синдрома Фанкони и обнаружил повышенное выделение 
базических аминокислот, то есть картину ц и с т и н у р и и ,  при нормальной фосфатурии, 
повышенном фосфорном клиренсе и уменьшенной канальцевой реабсорбции фосфора. 
В связи с этим случаем автор обсуждает вопросы выделения стероидов, цистинурии и 
диагноза. Он устанавливает на основе анализа литературных данных, что относительно 
функции коры надпочечников или выделения стероидов и нарушения обмена цистина в 
синдроме Фанкони взрослых имеется очень мало данных, и поэтому его случай может 
вызвать интерес. Хотя у данной больной в развитии патологического процесса нельзя 
с полной уверенностью исключить возможность наследственности заболевания, он все 
же рассматривает этот случай как вторичный синдром Фанкони взрослых, развившийся, 
по всей вероятности, на фоне хронического пиелонефрита.

ДЕЙСТВИЕ КОРТИКОИДОВ НА ВЫДЕЛЕНИЕ УРОБИЛИНОИДОВ У
БОЛЬНЫХ ЖЕЛТУХОЙ

Б. ФЕЛКАИ и И, КАХАН-ЛАСЛО

У больных, страдающих острым инфекционным гепатитом при внепеченочной 
обструкции желчных путей, авторы исследовали общее выделение уробилиногенов с 
мочой и соотношение уробилиногена i и стеркобилина в процессе лечения кортикоидами.

При остром гепатите в процессе лечения кортикоидами уменьшение уровня уро
билина в сыворотке сопровождается повышенным выделением уробилиноидов. Меняется 
также соотношение уробилиноидов, повышается доля стеркобилина. При уменьшении 
содержания уробилина в сыворотке, наблюдаемом в процессе лечения кортикоидами, 
выделение уробилиноидов меняется точно так же, как и в период самопроизвольного 
улучшения.

На основе исследований авторов, проводившихся у больных с острым инфекцион
ным гепатитом, для объяснения механизма действия кортикоидов выдвигается возмож
ность, что в результате прекращения «внутрипеченочной обструкции» под влиянием кор
тикоидов желч попадает в кишечник и в результате этого уменьшается уровень билиру
бина в сыворотке. В полном согласии с этим предположением находится то наблюдение 
авторов, что у  больных с механической, внепеченочной обструкцией в связи с дачей кор
тикоидов не понижается ни выделение уробилиноидов, ни уровень билирубина в сыво
ротке.

КОЛЕБАНИЯ ВО ВРЕМЕНИ ВЕЛИЧИН ПОГЛОЩЕНИЯ J 131 ЩИТОВИДНОЙ 
ЖЕЛЕЗОЙ У ЕВТИРЕОИДНЫХ И ГИПЕРТИРЕОИДНЫХ ЛИЦ И У ЛИЦ С

ВЕГЕТАТИВНЫМ НЕВРОЗОМ
Ш. ФАЗЕКАШ и Д. ПЕТРАНЬИ

Поглощение иода щитовидной железой показывает колебания во времени. У евти- 
реоидных лиц эти колебания остаются в пределах нормы, а у лиц с гипертиреозом они 
превышают нормальные величины. У больных с вегетативным неврозом наблюдаются 
очень сильные колебания. Следовательно, в случае величины, указывающей при первом 
определении на гипертиреоз, второе определение дает в большинстве случаев нормаль
ный результат. Итак, повторение исследования поглощения иода может быть, наряду с 
прочими данными,, хорошим методом для дифференциации вегетативного невроза от ги- 
пертиреоза.



ФУНКЦИОНАЛЬНЫЙ ДИАГНОЗ ХРОНИЧЕСКОГО ЛЕГОЧНОГО СЕРДЦА 

I. Значение изменений зубца Р pulmonale и зубцов Р2_ 3
Ф. ЭНДЕРС, Э. ПЕКО, Й. ВАЛЬТЕР и Т. ДЕБРЁЦИ

Авторы исследовали изменения зубцов Р2- 3, наблюдаемые при хроническом легочном 
сердце после различных воздействий. Для характеристики зубца Р они использовали, 
кроме измерения высоты, также вычисление площади, при котором зубцы Р рассматри
вались как трапеция и результаты выражались в единицах Ашмана. Метод вычисления 
площади был в общем на 20% чувствительнее метода измерения высоты.

На основании своих исследований авторы того мнения, что Р pulmonale важный 
и хорошо оценимый электрокардиографический признак хронического легочного сердца. 
Между величиной Р pulmonale, полученной при помощи измерения высоты, и величиной, 
полученной методом вычисления площади, авторы предполагают разницу, указывающую 
на тяжесть изменения: первая величина указывает на более серьезное и выраженное из
менение. Если при помощи метода вычисления площади даже после нагрузки нельзя 
выявить Р pulmonale, то это говорит против наличия хронического легочного сердца, а 
присутствие Р pulmonale, даже в менее тяжелых случаях, обращает внимание на воз
можность нарушения в правой половине сердца.

В значительной части случаев во время вдыхания кислорода Р pulmonale временно 
исчезает. Это указывает на важность функциональных, обратимых факторов.

Если при вдыхании кислорода наблюдается оценимое уменьшение, а при эрго
метрической нагрузке оценимое увеличение зубца Р2_3, то это может подкрепить диаг
ноз хронического легочного сердца. При отсутствии этих изменений зубца Р рекомен
дуется соблюдать осторожность. Однако, эти исследования имеют лишь дополнительное 
значение для постановки диагноза и исключительно лишь на их основе нельзя делать 
заключения.

Изменения зубца Р во время гипоксической нагрузки, видимо, непригодны для 
диагностических заключений.

Дается краткое изложение причин возникновения изменений при вдыхании кисло
рода и эргометрической нагрузке и для объяснения их патомеханизма выдвигается воз
можность изменения гемодинамики.

ФУНКЦИОНАЛЬНЫЙ ДИАГНОЗ ХРОНИЧЕСКОГО ЛЕГОЧНОГО СЕРДЦА 

II. Значение модифицированной пробы Вальсальвы в уменьшении сердечной тени 
Ф. ЭНДЕРС, Т. БАБИЦКИ и Й. ВАЛЬТЕР

Авторы использовали для уточнения рентгеновского диагноза хронического легоч
ного сердца разработанный ими, проводимый в стандартных условиях п точно оценимый 
опыт Вальсальвы.

Величины ниже 12 говорят за хроническое легочное сердце, величины выше 13 
практически исключают возможность его наличия, в то время как величины между 
12 и 13, по мнению авторов, непригодны для оценки.

На основе практического опыта и теоретических соображений уменьшение TVi 
по сравнению с NVi оценивается как плохой, а его увеличение как хороший признак.

Метод авторов неспецифический и сам по себе непригоден для дифференциации 
хронического легочного сердца от поражений сердца другого генеза.

Полученные результаты сравниваются с результатами исследования зубца Р, и 
между величинами, определяемыми этими двумя методами, устанавливается тесная кор
реляция.



З Н А Ч Е Н И Е  ИЗМЕНЕНИЙ НАСЫЩ ЕНИЯ КИСЛОРОДОМ В ДИАГНОСТИКЕ 
ХРОНИЧЕСКОГО ЛЕГОЧНОГО СЕРДЦА

Ф. ЭНДЕРС, Й. ВАЛЬТЕР и Т. ДЕБРЁЦИ

Сравнение насыщения кислородом при покое с десатурацией, наблюдаемой при 
гипоксии, говорит за или против наличия хронического легочного сердца. В отдельных 
случаях результаты сравнения, за исключением крайних величин, не могут служить 
доказательством диагноза, так как в оформлении процентного насыщения участвуют 
многочисленные факторы.

Результаты исследования насыщения кислородом при эргометрии гораздо более 
пригодны для оценки. Эргоментрическая гипоксемия ниже 80% служит несомненным 
доказательством хронического легочного сердца. За хроническое легочное сердце говорит 
также, если к 3-ей мин. эргометрии насыщение кислородом остается ниже исходной 
величины и даже при вдыхании кислорода не достигает 100%-ной величины.

Насыщение кислородом, достигающее в 3-ной мин. эргометрии исходной, а при 
вдыхании кислорода 100%-ной величины, говорит против значительной сердечно-дыха
тельной недостаточности, против изменения гемодинамики.

Если к 3-ной мин. эргометрии насыщениекислородом остается ниже исходной вели
чины, но при вдыхании кислорода наблюдается 100%-ное насыщение, то в понижении 
функции господствует фактор дыхания. Если насыщение достигает исходной величины, 
но нельзя добиться 100%-ного насыщения, то доминирует фактор сердца.

ГИГИЕНА СРЕДЫ — НАСТОЯЩЕЕ ПОЛОЖ ЕНИЕ, ОЦЕНКА, 

П ЕРСПЕКТИ ВЫ  В ВЕНГРИИ 
т .  б а к а ч

Все нарастающий темп развития техники обеспечил не только преимущества, облег
чающие жизнь человека, но привел также к, по-видимому, неразрешимым противоречиям-

Темп развития технической революции столь быстрый, что человек не может при
спосабливаться к изменениям условий жизни.

Опасности, угрожающие со стороны все более искусственной среды, представляют 
собой не особые новые проблемы коммунальной гигиены, а они тесно связаны с вопросами 
урбанизации.

В результате ускорения урбанизации биологически активные вещества появля
ются в окружении человека во все повышающемся количестве. К ним относятся также 
гигиенические вредности, связанные с применением детергентов, пластмасс и с химиза
цией сельского хозяйства.

В связи с общей химизацией главной задачей является получить такие вещества 
(или выбрать из уже существующих), которые полезны с точки зрения продуктивности 
сельского хозяйства, но, в то же время или вопреки этому, не повышают биологическую 
нагрузку человека со стороны все более искусственной городской или урбанизирующейся 
сельской среды еще новыми, изменяющими естественные условия действиями. В работе 
обсуждаются эти возможности.
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ANGABEN ZUR ZITRATKINETIK

Y on

L.  Mo so n y i u n d  É v a  Á cs

XV. M E D IZ IN ISC H E R  L E H R S T U H L  (VORSTAND: P R O F . D R . L. MOSONYI) 
D E S  IN ST ITU TS F Ü R  Ä R Z T L IC H E  FO R T B ILD U N G , B U D A PEST

(E ingegangen  am  23. D ezem ber 1966)

Es w urde  fe s tg e s te llt , daß  bei P e rso n en  m it n o rm ale r  N eb en sch ild d rü sen fu n k tio n  
d ie V erabfolgung v o n  S a lu re tik a  d ie V erm in d e ru n g  des Z itra tsp ie g e ls  u n d  d en  A nstieg 
de r Z itra ta u ssch e id u n g  zur Folge h a t .  K e togene  D iä t b e w irk t d ie sig n ifik an te  V er
m inderung  des S e ru m z itra tg e h a lts  u n d  de r Z itra ta u ssch e id u n g . Z w ischen den  beobach
te te n  E rsch ein u n g en  u n d  der g leichze itig  v o rliegenden  g e s te ig e rte n  K a tio n en au ssch e i
d u n g  w ar keine  P a ra lle l i tä t  fe stzu ste llen . Bei H y p er- bzw . H y p o p a ra th y re o tik e rn  w ichen 
d ie V erän d eru n g en  des Z itra ts to ffw ech se ls  von  je n e n  bei P e rso n en  m it n o rm ale r N eben
sc h ild d rü sen fu n k tio n  ab . Die E rsch e in u n g  w ird  m it de r g le ichze itigen  E rh ö h u n g  der 
Z itra tu rie  u n d  d e r Z itra to x y d a tio n  sow ie m it de r B rem su n g  des d ie tu b u lä re  R eso rp tion  
des Z itra ts  s ic h ern d e n  E nzym s e rk lä r t;  im  F a lle  e iner k e to g e n en  D iä t d ü rf te  fü r die 
b eo b ach te ten  V erän d e ru n g e n  die V erm in d e ru n g  de r a n n e h m b a r  u n te r  d e r R egelung 
d e r N eb en sch ildd rüse  s teh en d en  Z itrogenese  v e ra n tw o rtlic h  sein.

D en jew eiligen Z itra tg e h a lt  des O rgan ism us d e te rm in ie ren  4 F a k to re n : 1. 
d ie  Z itrogenese, 2. d e r  Z itra tz u fu h r , 3. das M aß des A b b au s  u n d  4 . das der A us
sch e id u n g .

I n  bezug a u f  d ie  Z itrogenese h a t  sich  ein e in h e itlich e r S ta n d p u n k t e n t
w ick e lt; d em en tsp rech en d  sind die 3 Q uellen  d er Z itra tb ild u n g : a) in traze llu lä re  
en zy m atisch e  Z itra tb ild u n g , als T eil des K reb s-Z y k lu s  bei dem  K o h len h y 
d ra t- ,  F e tt-  und  in  geringerem  M aße dem  E iw eiß an ab o lism u s u n d  -katabo lis- 
m u s; b) die in den  O steo k la s ten  u n d  O steo b lasten  v e rla u fe n d e , m it dem  K a l
z ium stoffw echsel e in ig e rm aß en  zu sam m en h än g en d e , w ah rsch e in lich  d u rch  das 
P a ra th o rm o n  [6] bzw . even tu e ll d u rc h  das T h y ro c a lc ito n in  [11] reg u lie rte  
Z itra tp ro d u k tio n ; u n d  schließlich  c) d ie  sich im  P ro s ta ta e x k re t  in  e iner m it dem  
lo k a len  K alzium spiegel para lle len  K o n z e n tra tio n  b ild en d e  Z itra tm e n g e  [13].

D ie exogene Z itra tz u fu h r  is t b e im  M enschen — im  G egensa tz  zu  einigen 
S äu g e tie ren  (K ind) — u n b e d e u te n d ; in  der k lin isch en  P ra x is  d a r f  ab e r die m it 
d e r  in  T ransfusionen  als A n tik o ag u lan s ve rab fo lg te  Z itra tm e n g e  n ic h t v e rn a c h 
lä ss ig t w erden.

D as exogene u n d  das im  L au fe  d er Z itrogenese  p ro d u z ie r te  Z itr a t  e r
g än zen  gem einsam  d en  sich  m it dem  A b b au  u n d  d er A u ssch e id u n g  v e rm in d e rn 
den Z itra tp o o l, d er e tw a  4,7 ^  0,3 m g /kg  K ö rp erg ew ich t b e trä g t  u n d  e tw a zu 
70 %  in  den K nochen  zu  fin d en  is t.

D as Z itra t w ird  im  O rgan ism us fo rtlau fen d  a b g e b a u t u n d  zw ar einerseits 
in  d en  K nochen  im  L au fe  der A pp o sitio n  u n d  R e a b so rp tio n , a n d e rse its  in dem
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K re b s -Z y k lu s ; der A bb an  w ird  d u rch  die E n zy m e c is-A con itase  u n d  lso - 
z itro n e n sä u re d eh y d ro g e n a se  k a ta ly s ie r t .  N ach  L ic h t w itz  u n d  M ita rb . [6] w ird  
die c is-A co n ita se  d u rch  N a -f lu o ra z e ta t  gehem m t, w esha lb  m it H ilfe  d ieser 
V e rb in d u n g  H y p erz iträm ie  a u sg e lö s t w erden k a n n . E in  T eil des Z itra ts  w ird  
in  d e r  N ie re  ab g eb au t (o x y d ie r t) :  l a u t  E lliott  u n d  F r e e m a n  [3] sow ie B r o d - 
WAl l  u n d  L aak e  [2] is t d e r  Z itra tsp ie g e l in  d e r N ie ren v en e  n ied rig e r als in 
d e r  A r te r ie .  In  gewissem G e g e n sa tz  zu diesen A n g ab en  s te h e n  jed o ch  die E r 
g e b n isse  v o n  Ma r t e n sso n  [7 ], n a c h  denen im  F a lle  e in er U re te r lig a tu r  zw i
sch en  d e m  S eru m zitra tsp ieg e l d e r  A rte rie  u n d  d er V ene k e in  w esen tlich e r U n te r
sc h ie d  b e s te h t  sowie die v o n  M o r r is e y  u n d  M ita rb . [8] g e ä u ß e rte  A n sich t, daß  
sich  d e r  Z itra tg e h a lt des H a rn s  n ic h t  einfach aus dem  U n te rsc h ie d  e rg ib t, der 
zw isc h e n  d e r m it dem  G lo m e ru la r f i l tra t  ausgesch iedenen  u n d  in  den  T u b u li 
re a b s o rb ie r te n  Z itra tm en g e  v o r l ie g t , sondern  au ch  d u rc h  die a k tiv e  tu b u lä re  
S e k re tio n  b ee in fluß t w ird ; p rä re n a le  Azidose oder A lkalose w irk t a u f  die G e
s ta l tu n g  des H a rn z itra tsp ieg e ls  n ic h t  ein.

W ie  d a ra u f  die S to p flo w -U n te rsu ch u n g en  v o n  G r o llm an  u n d  M ita rb . [5 | 
h in w e ise n , v e rläu ft die Z itra tre a b s o rp tio n  in  der N iere  in  den  p ro x im a len  T u 
b u li. D ie  Z itra tu rie , die im  F a lle  e in e r D au e rd iä t zw ischen  200 — 1000 m g/24 S t. 
s c h w a n k t  [8], w ird bei in tra z e llu lä re r  Azidose d e r T u b u li v e rm in d e rt, im  Falb : 
e in e r  A lka lose  dagegen e rh ö h t .  I n  A n b e tra c h t dessen , d aß  den  Z i tr a ts to f f  
W echsel au ß e r dem  K a lz iu m  a u c h  andere  E le k tro ly te  a u f  d ire k te m  (Mg) oder 
in d ir e k te m  W eg (durch  Ä n d e ru n g  d e r W asse rs to ffio n k o n zen tra tio n  des H arn s) 
zu  b ee in flu ssen  verm ögen, u n te r s u c h te n  w ir die F rag e , a u f  w elche W eise sich 
d ie  k ü n s tlic h e  V ersch iebung d es  E lek tro ly tg le ich g ew ich ts  in  d er G e s ta ltu n g  des 
Z itra tsp ie g e ls  und  der Z itra ta u s sc h e id u n g  w idersp iegelt. U n sere  v o ran g eh en d en  
U n te rsu c h u n g e n  fü h rten  zu  d e r  F es ts te llu n g , d aß  H y d ro c h lo ro th ia z id  bei n o r
m a le m  K alz iu m h au sh a lt d en  S e ru m zitra tsp ieg e l be im  M enschen  h e ra b se tz t [9]. 
Im  G e g en sa tz  zu dieser B e o b a c h tu n g  v e r tr a t  M o r r is e y  [8] die A n sich t, d aß  
d ie S a lu re t ik a , u n g each te t d e ssen , d aß  sie das p H  des B lu te s  in  sau ere  R ic h tu n g  
v e rsc h ie b e n , die Z itra te x k re tio n  n ic h t beeinflussen . I n  d er L i te ra tu r  f in d en  
s ich  in  d ieser B eziehung w id e rsp ru ch sv o lle  D a te n : W ä h re n d  d ie  Z itru rie  nach  
G o r d o n  [4] durch  A c e ta z o lam id  h e rab g ese tz t w ird , soll n a c h  B r o d w a l l  u n d  
L a k e  [2] diese V erb in d u n g  ü b e r  eine z itra tu rie s te ig e rn d e  W irk u n g  v erfügen . 
D a r in  s in d  sich jedoch  sä m tlic h e  V erfasser e in ig , d aß  d e r S e ru m z itra tg e h a lt 
u n v e r ä n d e r t  b leib t. D ie U rsa c h e  d e r von  uns b e o b a c h te te n  Ä n d e ru n g  d er Z iträ -  
m ie l ie g t  dem nach  n ich t in  d e r  E rh ö h u n g  bzw . V erm in d e ru n g  des H a rn z i t r a t 
g e h a lts .  Im  Laufe u n serer, p a ra l le l  m it vorliegenden  U n te rsu c h u n g e n  d u rc h 
g e fü h r te n  H u n d eex p e rim en ten  [10] w ar a u f  W irk u n g  v o n  H y d ro ch lo ro th iaz id  
e ine  s ig n if ik an te  E rh ö h u n g  d es  S eru m zitra tsp ieg e ls  zu  v e rze ich n en . D em nach  
h ie lte n  w ir die erneu te  k lin isc h e  K o n tro lle  d ieser w id e rsp rech en d en  D a te n  fü r  
a n g e z e ig t.

N a c h  V o d n y a n sz k y  u n d  Á cs [14] s te ig t in  R a tte n le b e r-  u n d  N ieren-
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ho m o g en a ten  die Z itra to x y d a tio n  a u f  W irk u n g  von  H y d ro c h lo ro th ia z id  signi
f ik a n t an . L au t B r o d w a l l  und L a a k e  [2] h e m m t A cetazo lam id  in  den  T ubu li 
das die Z itra tre so rp tio n  fö rdernde  E n zy m . A n h an d  der B e o b a c h tu n g , d aß  sich 
hei id io p a th isch er H y p e rk a lz iu rie  d er S au e rs to ffv e rb rau ch  p a ra lle l  m it  dem  
A nstieg  der Z itra tu r ie  v e rm in d e rt, n a h m e n  le tz te re  V erfasse r an , daß 
zw ischen den beid en  Prozessen ein k a u sa le r  Z u sam m en h an g  b e s te h t.

M ateria l und  M ethodik

Die U n te rsu ch u n g en  erfo lg ten  bei h y p e rto n isc h en , m it H y d ro c h lo ro th iaz id  b eh an 
d e lten  erw achsenen  K ra n k e n  m it no rm alem  K alzium sto ffw echse l. M e n stru ie re n d e  F rau en  
w u rd en  n u r  in  b lu tu n g sfre ien  P erioden  u n te rs u c h t. W äh ren d  der V ersu ch sp e rio d e  erh ie l
ten  d ie P a tie n te n  eine D iä t m it k o n s ta n te m  ( täg lich  18 — 20 m Ä q) K a lz iu m g e h a lt .  E inige 
U n te rsu ch u n g en  w u rd en  bei an  H ypo- bzw . H y p e rp a ra th y re o se  o der e iner a n d e re n  K alzium - 
sto ffw echselstö rung  le id en d en  K ran k en  d u rc h g e fü h rt . N ach B estim m ung  des anfänglichen  
Z itra tsp ieg e ls  u n d  des Z itra tg e h a lts  des 2 4 -S tu n d e n -H arn s  w urde den P a t ie n te n  3 T ag e  h in 
d u rch  100 mg I iy d ro ch lo ro th iaz id /T ag  o d er 250 m g A cetazo lam id /T ag  v e ra b fo lg t. D ie Serum - 
u n d  H a rn z itra tk o n z e n tra tio n e n  w urden a m  d r i t te n  T ag  d e r D iu re tik u m v era b fo lg u n g  sowie drei 
T age sp ä te r  b e s tim m t. D a n ac h  e rh ie lt ein Teil de r P a tie n te n  zwecks H e rb e ifü h ru n g  einer 
m etab o lisch en  Azidose 3 T age h in d u rch  eine k e to g en e  D iä t, w onach S e ru m z itra tsp ieg e l und 
Z itra tau ssch e id u n g  ab erm als  b e s tim m t w urd en . I n  einigen F ä llen  w urde a u ch  d ie K alium -, 
N a triu m -, Chlor- bzw. N a tr iu m ch lo rid -K o n z en tra tio n  im  Serum  und  d e r 2 4 -S tu n d e n -H arn  
b estim m t.

K o n tro llh a lb e r w u rd e  der H a rn z itra tg e h a lt  bei 20 an  gem isch ter D iä t  gehaltenen  
K ra n k en , d ie keine M ed ik am en te  e rh ie lten , 3 — 7 T ag e  h in d u rch  täg lich  b e s tim m t.

D ie Z itra tb e s tim m u n g  erfo lg te m it d e r M ethode  von  T a u ssk y  u n d  S h o r r  [12], die 
ü b rig en  E le k tro ly tb es tim m u n g en  fü h rte n  w ir m it d en  ü b lich en  R o u tin e m e th o d e n  d u rch . Zur 
s ta tis tisc h en  B ew ertu n g  d ien te  die » i«-T est-E instichprobe .

E rgebnisse

Die R e su lta te  d e r bei 20 K ra n k e n  an  au fe in an d e r fo lgenden  T ag en  d u rc h 
g e fü h rten  Z itra tb e s tim m u n g e n  v e ra n sc h a u lic h t T abelle  I .  D ie s p o n ta n e  S tre u 
ung b e trä g t 39 m g/24 S t., die aus den  in d iv id u e llen  R a n d w e rte n  b e rech n e t 
w urde.

In  T abelle I I  is t  die G es ta ltu n g  des Z itra tsp ieg e ls  u n te r  ex p e rim en te llen  
V erh ä ltn issen  d a rg es te llt. In  A n b e tra c h t dessen , daß zw ischen M än n er und  
F ra u e n  bzw . den m it H y d ro ch lo ro th iaz id  bzw . A ce tazo lam id  b eh a n d e lte n  
G ruppen  keinerlei U n tersch ied e  V orlagen, w u rd en  die E rg eb n isse  in  den  T a 
bellen  gem einsam  d a rg es te llt.

D er d u rc h sc h n ittlic h e  A usgangsw ert des S e ru m zitra tsp ieg e ls  s t im m te  m it 
den an läß lich  un serer frü h eren  U n te rsu c h u n g e n  bei N o rm alp erso n en  e rm itte l
ten  R e su lta te n  ü b ere in  [1]. Die V erab fo lg u n g  von  S a lu re tik a  h a t t e  au ch  in 
d ieser V ersuchsserie — ähn lich  w ie in  u n se ren  frü h eren  E x p e r im e n te n  — die 
sig n ifik an te  V erm in d eru n g  der S e ru m z itra tk o n z e n tra tio n  zu r F o lge . A u f W ir
kung  d er ketogenen  D iä t w ar diese V e rm in d e ru n g  noch  a u sg ep räg te r . D re i T age 
nach  E in ste llu n g  d er S a lu re tik a v e rab re ic h u n g  ließ  sich eine n ic h t s ig n ifik an te  
E rh ö h u n g  des S eru m zitra tsp icg e ls  b e o b a c h te n .

1* A c ta  M cd ica  Л cade m iau Sc ien tia ru m  l lu i ig a r ic a v  2 4 t 1967
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Tabelle I

W erte der Zitratausscheidung

N am e
A n z a h l  d e r 

B e s tim m u n g e n  
(T a g e)

Z itra ta u s s c h e id u n g

D u rc h sc h n itt R a n d w e rte

m g /2 4  S t .

R. P. 6 352 3 1 5 -3 9 0

s. K. 6 226 1 8 2 -2 8 0

B .T . 5 229 2 1 0 -2 6 6

K . H . 3 197 1 8 5 -2 0 8

K . Sz. 6 268 2 6 4 - 3 2 0

G. K. 6 262 2 3 2 -3 1 2

J . H . 4 242 2 5 0 -3 6 0

M. K. 6 255 200—320

M. s. 6 242 1 8 0 -3 0 7

к .  K . 6 266 2 2 7 -3 3 1

I. Ny. 5 222 1 6 7 -2 7 6

B. Sz. 5 244 1 8 6 -3 0 0

Gy. B. 6 271 2 2 5 -3 2 0

I. K. 7 309 2 7 0 -3 7 5

I. N. 6 268 2 4 0 -3 2 0

J .  H. 5 274 2 4 8 -3 2 2

J . K . 6 259 240—286

B .T . 5 257 2 3 0 -3 3 8

I. B. 4 238 2 0 8 -2 6 4

G. S. 5 242 224—270

Tabelle II

Gestaltung des Serum zitra tspiegels a u f  W irk u n g  von Saluretika

A n z a h l d e r 
B e s t im m u n 

gen
(A n z a h l der 

K ra n k e n )

R a n d w erte
D u rc h s c h n it ts 

w e r t
S ta tis tisc h e  B e w ertu n g

m S %

1. V or V erabfolgung der 
S a lu re tik a 56 1 ,4 0 -3 ,6 2 ,3 6 ± 0 ,0 6 1 : 3  =  p < 5 %

2 . W äh re n d  V erabfolgung der 
S a lu re tik a 35 0 ,7 1 -3 ,1 2 ,1 0 ± 0 ,0 8 1 : 4 =  p <  1%

3. N a c h  V erabfolgung der 
S a lu re tik a 42 1 ,2 0 -3 ,0 2,22 ± 0 ,0 7 2 : 4  =  p < 0 , l %

4. N a c h  ketogener D iät 6 1 ,0 0 -1 ,9 1,37 ±0 ,11 3 : 4 =  p <  0 ,01%
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Tabelle III

Zitra tausscheidung  im  H arn

A n z a h l
d e r

B e s tim m u n 
gen

R a n d w e rte D u rch sch n itts 
w ert S ta t is t i s c h e  B ew ertu n g

m g/24 St.

1. Vor V erabfolgung der 
Saluretika 24 2 6 ,0 -3 3 6 ,0 178,2 ± 9 ,5 2 : 4 = p < 1%

2. W ährend V erabfolgung der 
Saluretika 13 3 9 ,0 -4 6 2 ,0 200,0±25,0 3 : 4  =  p < 0 ,0 1 %

3. N ach V erabfolgung der 
Saluretika 14 26,0 — 563,0 264,0 +  40,0

4. N ach ketogener D iä t 10 6 8 ,2 -2 4 0 ,0 148.0 +  17,0

W ie in T ab e lle  I I I  e rs ich tlich , vo llzog  sich w ährend  d e r  S a lu ie tik a -  
Z u fu h r  eine g leichm äßige und  s ig n if ik a n te  E rh ö h u n g  der im  2 4 -S tu n d e n -H a rn  
e n tle e r te n  Z itra tm en g e . A uf W irk u n g  d e r  k e to g en en  D iä t w ar im  V e rh ä ltn is  zu 
d em  w ährend  u n d  n ach  H y d ro ch lo ro th iaz id v erab fo lg u n g  e rre ich ten  N iv e a u  eine 
s ig n ifik an te  V erm in d eru n g  der Z itra ta u s sc h e id u n g  zu verzeichnen .

Die bei d en  an  irgendeiner K a lz iu m sto ffw ech sels tö ru n g  le id e n d e n  K ra n 
k en  e rm itte lte n  R e su lta te  v e ra n sc h a u lic h t T abe lle  IV.

Die A ngaben  d er Tabelle IV  sp re c h e n  d a fü r , daß  die Ä n d e ru n g  d e r  N eben- 
sc h ild d rü se n fu n k tio n  eine von d e r N o rm  abw eichende G esta ltu n g  d e r  Z iträm ie  
u n d  Z itra tu r ie  z u r  Folge h a t. W ä h re n d  d e r S e rum zitra tsp iege l be i H y p e rp a ra -  
th y re o se , äh n lich  w ie bei E u p a ra th y re o se  a b n im m t, kom m t es a u f  W irk u n g  der 
k e to g en en  D iä t zu r E rhö h u n g  d e r Z itra tk o n z e n tra tio n ; der H a rn z itr a tg e h a lt  
w e is t keine ch a rak te ris tisch en  V e rä n d e ru n g e n  auf. Bei den H y p o p a ra th y re o ti-  
k e rn  g es ta lte te  sich  d er S e ru m z itra tsp ieg e l im  V erhältn is  zu d en  H y p e rp a ra -  
th y re o tik e rn  in  u m g ek eh rte r W eise. D ie  Z iträ m ie  stieg an, w ä h re n d  d ie  keto- 
gene D iä t eine V erm in d eru n g  der W e rte  z u r  F o lge  h a tte . Die Z itra ta u s sc h e id u n g  
w a r  — ähn lich  w ie bei den P erso n en  m it  n o rm a le r  N eb en sch ild d rü sen fu n k tio n  
— v e rm in d e rt o d e r u n v e rä n d e rt. B ei id io p a th isc h e r H y p e rk a lz iu r ie  w aren , 
u n a b h ä n g ig  von  d e r F u n k tio n  d e r N eb en sch ild d rü se , keine c h a ra k te r is tis c h e n  
V erän d eru n g en  des S eru m zitra tsp ieg e ls  bzw . d er Z itra ta u ssc h e id u n g  v o rz u 
fin d e n ; im  E in k la n g  m it den A n g ab en  v o n  B k o d w a l l  und  L a a k e  [2] ließ  sich 
bei diesen K ra n k e n  lediglich die b e d e u te n d e  E rh ö h u n g  der B a sa la u ssc h e id u n g  
b e o b a c h te n .

D a die Z itra tau ssch e id u n g  d u rc h  d ie  N a tr iu m - bzw. K a liu m au ssch e id u n g  
b e e in f lu ß t w ird , h ab en  w ir in e in igen  F ä lle n  au ch  diese W erte  sow ie d ie  C h lo rid 
au ssch e id u n g  b e s tim m t (Tab. V).

D ie e rm itte lte n  W erte  e n tsp ra c h e n  u n se ren  E rw artu n g en , in d e m  die K- 
u n d  N a-A usscheidung  a u f W irk u n g  v o n  S a lu re tik a  b edeu tende  A b w eich u n g en  
aufw ies (bei den P a tie n te n  M. K . u n d  E . A . k la n g  die d iu re tische  P h a s e  offen-
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Tabelle IV

Gestaltung des Serum zitratspiegels u n d  der Z itratausscheidung  
bei den an  Dysparathyreose oder a n  K alzium haushaltstörung leidenden K ranken  a u f  W irku n g

von D iuretika

S erum zitra tsp iege l H a m z itra tg c h a lt T u b u -

N a m e ' D iagnose

v o r n ach n a c h
k e to -

v o r n ach n ach
keto -

lä re
P h o s 
p h o r

R e s o rp 
t io n

(T R P )S alu re tika
g e n e r
D iä t S a lu re tik a

gener
D iä t

m g % m g/24 St. %

J .  H . H y p o parathy reose 1,4 2,1 1,7 239,0 172,2 176,0 94,0

J . v . H yp o p arath y reo se 1,6 2,6 1,2 243,0 186,0 126,0

I . B. H ypoparathy reose 2,4 2,3 1,5 295,0 319,0 142,0 92,0

J .  T . H y p o parathy reose 1,7 1,8 1,5 186,0 32,0 420,0 88,0

G y. G. H y p erp ara th y reo se 3,6 2,1 2,9 369,0 156,0 169.0 78,0

J .  R . H yp erp ara th y reo se 3,1 2,2 2,9 294,0 353,0 297,5

M. N . Osteom alacia m it  sec. 
H y p erp ara th y reo se 2,6 2,1 2,8 78,2* 58,8 21,2

E . A. R enale tu b u lä re  A zidose 2,1 2,1 2,7 90,0 200,0 240,0 57,0

L. V. Id iopath ische H y p e rk a lz iu rie 2,4 2,3 — 369,0 420,0

* W egen tech n isch en  G rü n d e n  lediglich 6 stü n d ig e  W erte

Tabelle V

K -, N a- u n d  N aC l-G ehalt im  Serum  sowie im  24-Slunden-H arn  
vor ( A )  u n d  nach ( B )  Sa lure tika verabfolgung

S e ru m H arn

N a m e К N a Cl Ca Z itra t  m g % К N a CI Ca Z i t r a t  m g %

m Äcj/1 m Ä q/1/24 S tunden

A 4,4 135,0 110,0 5,2 2,4 36,0 60,0 — 15,0 5,7

L . K .

В 3,8 135,0 100,0 4,6 1,3 53,0 147,0 159,0 7,5 5,0

А 4,2 134,0 105,0 4,8 2,1 35,0 125,0 — 9,2 4,4

M. К .

В 3,3 137,0 100,0 5,0 2,4 17,9 79,0 129,0 4,3 3,2

А 4,1 138,0 104,0 4,8 2,1 22,3 68,0 — 7,4 2,0

М . В.

В 4,0 134,0 99,7 5Д 1,9 40,0 145,0 139,0 8,0 2,2

А 4,4 138,0 98,0 5,0 1,9 16,5 106,0 109,5 6,5 0,4

Е . А.

В 6,1 (?) 133,0 102,0 4,6 2,3 19,2 39,5 27,4 8,3 1,4
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s ich tlich  bere its  ab ); dem  A nschein  n a c h  b e s te h t zw ischen d e r  g este igerten  
K a tio n en au ssch e id u n g  u n d  dem  M aß d e r  Z itra tau ssch e id u n g  ke in e  P a ra lle li
t ä t ,  so daß  die A nnahm e, daß  die a u f  W irk u n g  der S a lu re tik a  b eo b ach te te  
S erum - u n d  H a rn z itra tsp ie g e lä n d e ru n g  d ie  Folge der g e s te ig e rten  K a tio n e n 
b in d u n g  sein k ö n n te , keinesw egs b e g rü n d e t erschein t.

Besprechung

D er sp o n ta n e  S treu u n g sw ert m u ß  bei der endgü ltigen  B e w e rtu n g  n ich t 
b e rü c k s ic h tig t w erden , da in  den  E rg eb n issen  der paarw eise  d u rch g e fü h rten  
U n te rsu ch u n g en  säm tliche  S ch w an k u n g en  au to m a tisch  zum  A u sd ru c k  kom m en.

A n h an d  d er in  den T abellen  I I  — IV  darg este llten , in  d e r  M ehrzah l der 
F ä lle  s ig n ifik an te  A bw eichungen au fw eisen d en  A ngaben  lä ß t  s ich  aberm als 
fe s ts te llen , d aß  beim  M enschen a u f  W irk u n g  von  S a lu re tik a  eine e inheitliche 
V erm in d eru n g  d e r Z iträm ie  zu  b e o b a c h te n  is t . D iese E rsch e in u n g  k a n n  bei den 
P a tie n te n  m it n o rm a le r N eb en sch ild d rü sen fu n k tio n  m it d e r E rh ö h u n g  der 
Z itra tu r ic , m it d er H em m ung  des in  d e r  in tra tu b u lä re n  R e so rp tio n  te iln eh m en 
den E n zy m s [2] sowie m it der sich im  N ierengew ebe absp ie len d en  geste igerten  
Z itra to x y d a tio n  [14] e rk lä r t w erden . D ie A n te ilnahm e d ieser F a k to re n  w eist 
a u f  d ie  in traze llu lä re , enzym hem m ende  W irk u n g  der S a lu re tik a  h in . E s sei 
jed o ch  e rw ä h n t, d aß  Mo r r ise y  u n d  M ita rb . [8] ausschließ lich  d u rc h  sa lu re tik a - 
b ed in g tes  A n säu ern  keine g este igerte  Z itra tu r ie  erzielen k o n n te n . Im  au ffa llen 
den  G egensatz  zu d ieser A ngabe s te h t  die W irk u n g  der d u rch  k e to g en e  D iä t 
ausge lösten  pH -V ersch iebung . In  A n b e tra c h t  dessen, daß  sich in  d iesen  F ällen  
p a ra lle l m it d e r sign ifik an ten  V erm in d e ru n g  der Z itra ta u ssc h e id u n g  auch  die 
Z iträm ie  v e rm in d e rt, d ü rfte  die E rk lä ru n g  d e r b eo b ach te ten  W irk u n g  in  der 
geste ig e rten  O x y d a tio n  in n erh a lb  d e r tu b u lä re n  Zellen, in  d e r H e m m u n g  des 
die R eso rp tio n  d u rch fü h ren d en  E n zy m s u n d  in  der allgem einen V erm in d eru n g  
d er Z itrogenese liegen. A n n eh m b ar h a n d e lt  es sich hierbei au ch  u m  die R eg u la
tio n ss tö ru n g  d e r en tsp rech en d en  O rg an e  (P a ra th o rm o n  u n d /o d e r  T hyrocal- 
c ito n in ); diese A nnahm e u n te rs tü tz e n  d ie  bei an  P a ra th y re o id e n d y s fu n k tio n  
le idenden  K ra n k e n  b eo b ach te te , v o n  d e r N orm  abw eichende G e s ta ltu n g  der 
Z iträm ie  und  Z itra tu r ie  sowie die in H u n d e e x p e rim e n ten  V orgefundenen , nach  
T h y re o p a ra th y re o id e k to m ie  e n ts ta n d e n e n , g rund legenden  Ä n d e ru n g en  des Zi
tra th a u s h a lts  [10].

A n h an d  d er V erg leichung des S erum sp iegels und  d er A u ssch e id u n g  der 
ü b rig en  E le k tro ly te  k o n n te  n ich t d a ra u f  g efo lgert w erden, d aß  d ie  V erän d eru n g  
des K aliu m - u n d  N a tr iu m h a u sh a lts  die Z iträm ie  oder die Z itra ta u ssc h e id u n g  
w esen tlich  beein flussen  w ürde.

Im  L aufe u n se re r w eiteren  F o rsc h u n g e n  beabsich tigen  w ir e inerse its  die 
R olle d e r P a ra th y re o id e k to m ie  in  d e r R eg u lie ru n g  des Z itra tsp ieg e ls  u n d  der
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Z itra ta u ssc h e id u n g , a n d e rse its  die von  dem  M enschen  abw eichenden  O x y d a 
tio n se ig e n sc h a fte n  des H u n d en ie ren h o m o g en a ts  in  b ezu g  a u f  den Z i tr a th a u s 
h a lt  zu  u n te rsu c h e n .

H e r rn  J .  F i s c h e r  (B io m e trisch es I n s t i tu t  d e r U n g a risc h e n  A kadem ie de r W issen 
sc h a fte n ) , d e r  die s ta tis tisc h e n  B e rech n u n g en  d u rc h g efü h rt h a t t e ,  w ollen w ir auch  an  d ieser 
S te lle  u n se re n  au frich tig en  D a n k  zu k o m m e n  lassen.
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STUDIES ON FAT AND CARBOHYDRATE 
METABOLISM IN CORONARY SCLEROSIS
R E S P O N S E  T O  G LU C O SE O F l31I -T R IO L E IN  T O L E R A N C E  C U R V E  

U N D E R  N O R M A L  C O N D IT IO N S A N D  IN  C O R O N A R Y  D IS E A S E

B y

G. E r d é l y i , M. Stützel , L. N e m e s á n s z k y  and M. V ég h

T H IR D  D EPA R T M E N T O F M ED ICINE, U N IV E R S IT Y  M ED ICAL SCHOOL, B U D A PE ST  
(D IRECTOR: P R O F . S. C E R Ő )

(R eceived J a n u a r y  18, 1967)

m I to le ran ce  te s t  has been  c a rr ie d  o u t  in  h e a lth y  sub jects a n d  in  p a tie n ts  
w ith  co ronary  d isease  includ ing  a sp ec ia l g ro u p  w ith  a h is to ry  of m y o ca rd ia l in fa rc tio n . 
T he te s t  was re p e a te d  b y  adm in iste rin g  o ra lly  100 g glucose 5 hours a f te r  th e  in g es tio n  of 
m I-trio le in . A c tiv ity  in  whole b lood a n d  in  th e  trich lo ro ace tic  acid  p re c ip i ta te  was 
m easu red  5 ,6  an d  8 h o u rs  a fte r th e  in g e s tio n  o f  tr io le in . T he 6-hour m e a su re m e n ts  r e 
v ea led  a g lu co se-induced  fall in th e  a c t iv i ty  in  h e a lth y  sub jects and an  in c re a se  in  the  
p a tie n ts  w ith  c o ro n a ry  disease. T he re sp o n se  to  glucose a t  8 hr. was n o t d is tin c tiv e  of 
a n y  o f th e  g roups.

T h e p reva lence  o f  a therosclerosis in  d ia b e tic  sub jec ts  is a w ell-k n o w n  fac t 
w hich  has suggested  th e  possib ility  t h a t  b e s id e  th e  m etabolism  of fa ts  also  th a t  
of c a rb o h y d ra te s  m ay  b e  affected  in a th e ro sc le ro s is . T his suggestion w as s u p p o r t
ed b y  th e  ab n o rm al g lucose to lerance  te s ts  (o ra l, in travenous, co m b in ed  w ith  
in su lin , co rtisone , e tc .)  [1 —10], as w ell as b y  epidem iologic s tu d ie s  on  large 
p o p u la tio n s  [11 — 19].

I t  has also been  d em o n stra ted  t h a t  c h ro n ic  a d m in is tra tio n  o f s im p le  c a r
b o h y d ra te s  (glucose, fru c to se  and sacch aro se ) lead s to  an e levation  o f  th e  lip id , 
p a r tic u la r ly  th e  tr ig ly ce rid e  level in se ru m , in  all likelihood by  e n h a n c in g  lipo- 
genesis [20 — 31], w hile  ca rb o h y d ra te  r e s tr ic t io n  leads to  a red u c tio n  o f  serum  
lip id s [32].

In  c o n tra s t, a sing le  dose of g lucose cau ses  a decrease of th e  se ru m  lip id  
level [33 , 34] and  o f a lim e n ta ry  lip aem ia  [35 — 3 8 ]. A  reduction  in  th e  blood 
level o f  lip id -h o u n d  131I-tr io le in  a c t iv i ty  w h en  th e  oil h ad  been a d m in is te re d  
o ra lly  to g e th e r  w ith  g lucose, has been  fo u n d  b y  B erkow itz  [38] in  h e a lth y  
in d iv id u a ls  and  b y  T u r n e r  [39] in dogs.

In  v iew  of th is  ev idence  it  seem ed  o f in te re s t  to  s tu d y  th e  e ffec t o f a 
single dose of glucose on th e  ac tiv ity  o f 131I - tr io le in  in th e  blood o f p a t ie n ts  w ith  
co ro n a ry  d isease, a co n d itio n  of which an  a b n o rm a l l:ilI-trio le in  to le ra n c e  cu rv e  
is c h a ra c te r is tic  [40].

M aterial a n d  m eth o d s

T h e  m ate ria l co n sis ted  of 14 h ealth y  in d iv id u a ls  (5 m ales, 9 fem ales, age b e tw ee n  17 
a n d  67 y ears), 15 in d iv id u a ls  w ith  a h is to ry  o f m y o ca rd ia l in farc tio n  (12 m ales, 3 fem ales, 
b e tw een  37 a n d  67 y ears), a n d  11 ind iv iduals w ith  c o ro n a ry  disease w ithou t a n y  in d ic a tio n  of
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m y o c a rd ia l  in fa rc tio n  in  th e  h is to ry  (6 m ales, 5 fe m a le s , be tw een  39 an d  75 y e a rs ) . T h e  
c r ite r ia  o f  co ro n ary  disease  an d  o f p a s t  episodes o f in fa rc tio n  w ere p rov ided  b y  th e  h is to ry , 
p h y s ic a l e x am in a tio n , EC G  a n d  la b o ra to ry  find ings. T h e  in te rv a l  betw een  p a s t  ep iso d es o f 
m y o c a rd ia l  in fa rc tio n  a n d  th e  p re se n t in v estig a tio n s w as m o re  th a n  one year.

T h e  th y ro id  w as b locked  b y  ad m in iste rin g  5 d ro p s  o f  L ugol’s so lu tion  th re e  t im e s  d a ily  
d u rin g  th e  th re e  d ay s p reced in g  th e  in v estig a tio n s. O n th e  d a y  of th e  te s t  th e  fa s tin g  su b je c ts  
w ere fed  a n  o il—m ilk  m ix tu re  co n ta in in g  131I-tr io le in -m o n o ch lo rid e  w ith  an  a c t iv ity  o f  50 to  
80 ,tiC (0 .5  m l oil p e r  kg  b o d y -w e ig h t in  300 m l m ilk).

T w o  te s ts  w ere p e rfo rm ed  on  each  person. T he f i r s t  w as to  determ ine th e  m I  a c t iv i ty  
in  w ho le  b lo o d  as well as in  th e  tr ich lo ro ace tic  acid  (TCA) p re c ip ita te  5, 6 an d  8 h o u rs  a f te r  
th e  in ta k e  o f 131I-trio le in . A fte r 3 d a y s  th e  p rocedure  w as re p e a te d  w ith th e  a d d itio n  o f 100 g 
of g lucose  b y  m o u th  5 h o u rs  a f te r  th e  in ta k e  of oil.

T h e  131I  a c tiv ity  o f th e  w hole  b lood  was a ssay ed  in  4 m l sam ples. F o r th e  m e a su re m e n t 
o f l ip o p ro te in  a c tiv ity , th e  p ro te in s  w ere p re c ip ita te d  w ith  trich lo ro ace tic  acid  in  th e  p re sen ce  
o f p o ta s s iu m  iod ide  acco rd in g  to  th e  m eth o d  of B e r e s  [41]. In  o rder to  achieve m o re  re liab le  
c o n d itio n s  fo r  d e tec tio n , sam ples o f 4 m l were used  in s te a d  o f  1 m l, w ith  th e  a d e q u a te  a m o u n t 
o f th e  re a g e n ts . F o r  th e  m ea su re m e n t o f a c tiv ity  a  w e ll- ty p e  th a lliu m -ac tiv a ted  sod ium  io d id e  
c ry s ta l  o f  5 m l c ap a c ity  w as u sed .

T h e  5-hour v a lu es w ere considered  100%  an d  th o se  o b ta ined  su b seq u e n tly  w ere  
e x p re ssed  in  th e  p e rcen tag e  of th is  va lue .

R esults

I n  no rm al persons g lucose a d m in is tra tio n  re su lte d  in a re d u c tio n  o f  th e  
m ean  v a lu e s  o f th e  6 -h o u r a c tiv ity  b o th  in th e  w hole blood an d  in  th e  TCA  
p re c ip ita te , th is  la t te r  b e ing  sign ifican t. In  c o n tra s t ,  a m arked  increase  o f  th e  
c o rre sp o n d in g  figures w as fo u n d  in th e  g ro u p s w ith  coronary  sc lerosis, s till 
m ore  in  th o se  w ith  a h is to ry  o f in fa rc tio n . T h e  in c rea se  in  th e  a c tiv ity  in  b o th  
th e  w h o le  b lood  an d  in  th e  TCA p re c ip ita te  w as m ark ed ly  s ig n if ican t in  th e  
p a t ie n ts  w ith  co ro n ary  sclerosis an d  h igh ly  s ig n if ic a n t in those w ith  in fa rc t io n . 
T h e  d ifferences in  th e  8-hour v a lu es  failed to  reach  s ta t is t ic a l  significance (T ab le  I ) . 
O p p o site  changes w ere fo u n d  in  resjm nse to  g lucose  in  th e  norm al g roup  a n d  in

Table I

6-hour values B-hour values

131I-triolein
13,I-triolein

+
glucose

significance 131I-triolein
131I-triolein

-j-
glucose

significance

£ blood 1 1 1 .5 ± 3 5 .7 9 5 .2 ± 2 2 .1 P > 5 % 8 5 .9 ± 2 2 .7 7 3 .4 ± 3 3 .5 P < 5 %
г TCA 1 3 1 .1 ± 6 y .7 88 6 ± 2 0 .0 P <  ’ % 55.8 +  36.6 4 1 .0 ± 2 5 .1 P <  5%
ом blood 98.0 ± 1 1 .3 117.7 ± 1 7 .6 P < 0 .1 % 8 5 .9 ± 1 3 .9 88.1 ±  9.9 P > 5%

<2 TCA 9 3 .3 ± 3 7 .0 152.7 ± 5 2 .7 P < 0 .1 % 6 7 .4 ± 1 7 .9 63.7 ± 2 7 .6 P > 5 %

û b lo o d 95.2 ± 2 0 .1 107.7 ± 1 8 .5 P < 1 % 83.7 ± 2 7 .4 79 .2 ± 1 9 .7 P > 4 %

J ’Sw  as TC A 9 0 .6 ± 4 3 .2 1 3 4 .6 ± 4 1 .0 P < 1 % 6 5 .9 ± 4 8 .5 55.1 ± 2 6 .8 P > 7 %

p a t ie n ts  w ith  co ro n ary  d isease . T his is i l lu s tr a te d  b y  Fig. 1 w hose co lu m n s 
re p re s e n t  th e  differences b e tw een  th e  m ean  v a lu e s  w ith o u t th e  a d m in is tra t io n  
o f  g lucose  an d  a fte r  its  a d m in is tra tio n . T he u p w a rd  colum ns re p re se n t an  in 
c rease , th o se  deflec ted  d o w n w ard  in d ica te  a re d u c tio n  in response to  g lucose . 
T h e  f ig u re s  above th e  co lum ns ind ica te  th e  e x te n t  o f th e  respective  ch an g es .
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blood
o h

blood TCA

-A25
i~~i Normal и  Infarction ^  Coronary sclerosis

F ig . 1. C hanges o f a c t iv ity  in  whole blood an d  in  T C A -p rec ip ita te  in  response to  g lucose. The 
fig u res above th e  co lum ns show  th e  d ifferences b e tw een  th e  va lues rep re se n ted  in T ab le  I

D iscussion

A ccord ing  to  th e  p re se n t find ings, th e  p a t te rn  o f response to  g lucose of 
m I-tr io le in -in d u c ed  a lim e n ta ry  lipaem ia  in c o ro n a ry  disease d iffers f ro m  th a t  
ex h ib ited  b y  h e a lth y  su b jec ts . A l b r in k  e t al. [35, 36] s im ila rly  fo u n d  a de
crease in serum  tr ig ly ce rid e  level in no rm al p e rso n s , w hen ad m in is te re d  glucose 
severa l tim es befo re  an d  a fte r  fa t  in ta k e . As d e m o n s tra te d  b y  T u r n e r  [39] 
a lim e n ta ry  lip aem ia  in d u ced  by  m I-tr io le in  in h e a lth y  dogs w as less m ark ed  
if  th e  trio le in  h ad  been  ad m in iste red  to g e th e r  w ith  glucose. B e r k o w it z  e t al. 
[38] o b ta in ed  s im ila r re su lts  while using  131I- tr io le in  in case of h e a lth y  su b je c ts . 
A ccord ing  to  T u r n e r  glucose m igh t red u ce  f a t  a b so rp tio n  e ith e r as a h y p e rto n ic  
so lu tio n  b y  de lay in g  th e  em p ty in g  of th e  s to m a c h  o r as a co m p e titiv e  a n ta g o n is t  
o f fa t  p h o sp h o ry la tio n . In  th e  p resen t s tu d y , g lucose was ad m in is te red  5 ho u rs , 
a f te r  trio le in . B y  choosing  th is  in te rv a l w e so u g h t to  avoid  an y  possib le  in flu 
ence o f  glucose d u rin g  th e  phase o f a b so rp tio n  o f  tr io le in .

W hen  a h e a lth y  su b jec t has been fa s tin g  fo r  12 hours., he derives h is ch ief 
supp lies of energy  from  f a t ty  acids [42 — 4 4 ]; u n d e r  th e  cond itions o f  th e  p re se n t 
ex p erim en t th is  w as p ro v id ed  n o t only  b y  th e  ad ipose tissue  b u t  a lso  b y  th e  
in g ested  oil. G lucose is a m ore co n v en ien t sou rce  o f energy  for th e  tis su e s  th a n  
are f a t ty  ac ids [44]. I ts  ingestion  m ay  th e re fo re  lead  to  a rap id  e lim in a tio n  of 
fa ts  from  th e  b lood  s tream  and  to  th e ir  d ep o sitio n  in th e  fa t s to re s . G lucose 
seem s to  enhance  th e  second phase of th is  p rocess b y  m eans of one o f  its  m e ta b 
o lites, a lp h a -g ly ce ro p h o sp h a te  [45—48], a c o m p o u n d  w hich form s a co m p o n e n t 
n ecessary  to  th e  e s te rifica tio n  of f a t ty  ac id s in to  trig ly cerid e  in ad ip o se  tissue . 
In  acco rdance  w ith  th e  p re sen t in te rp re ta t io n , A l b rinic [35, 36] also  in c rim i
n a te s  th e  “ m etab o lic  a c tiv ity  of glucose”  fo r th e  effect on p o s tp ra n d ia l lip aem ia .

In su lin , w hose secre tion  is s t im u la te d  b y  g lucose, is p ro b a b ly  ta k in g  p a r t  
in th e  process, p a r t ly  b y  enhancing  g lycolysis a n d  th u s  also th e  p ro d u c tio n  of 
a lp h a-g ly ce ro p h o sp h a te , p a r tly  b y  in h ib itin g  th e  release o f f a t ty  ac id s o f  th e
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a d ip o se  tissu e  [49 — 57]. A cco rd in g  to  som e a u th o rs  [58—61] insu lin  m a y  d i
r e c t ly  in c rea se  th e  e lim in a tio n  o f lip ids from  th e  b lood  s tream . R e c e n tly  th is  
e ffe c t o f  in su lin  has been  a sc rib e d  to  th e  a c t iv a tio n  o f lip o p ro te in  lipase  [62 — 
6 5 ]. P e r r y  [34] found  a d ire c t ac tio n  of i.v . a d m in is te re d  glucose on th is  e n 
z y m e . N ik k il ä  [37, 66] c la im ed  th a t  g lucose, a n d  especially  fru c to se , w ou ld  
e n h a n c e  a lim e n ta ry  lip aem ia  in  h e a lth y  su b je c ts  b y  supp ly ing  a lp h a -g ly ce ro 
p h o s p h a te .  In  his e x p e rim e n ts  o n ly  fru c to se  w as effec tive  in  th is  re sp e c t, w hile  
in  th e  case  o f glucose its  d ire c t effect w as m a sk e d  b y  th e  ac tio n  o f re leased  in 
su lin , w h ich  led to  a d im in u tio n  of b lood  lip id  level.

I n  co ro n ary  sclerosis g lucose u tiliz a tio n  is im p a ired , as rev ea led  b y  th e  
p r o t r a c te d  b lood sugar to le ra n c e  curves. O n th e  o th e r  h an d , a lim e n ta ry  h y p e r-  
l ip a e m ia  is au g m en ted  as o p p o sed  to  th a t  in  n o rm a l persons. U n d e r th e se  c o n 
d it io n s  g lucose is n o t e x p e c te d  to  cause such  a fa ll o f  lip id -b o u n d  a c tiv i ty  in  th e  
tw o  g ro u p s  w ith  co ro n ary  d isease  as it  does in  h e a lth y  su b jec ts . T h e  fa c t t h a t  
a l im e n ta r y  hyp erg ly caem ia  n o t  only  fails to  re d u c e  th e  lip id -b o u n d  a c t iv i ty  b u t  
e v e n  le a d s  to  increased  v a lu e s  m ay  be co n n ec ted  w ith  th e  insu lin  in se n s itiv ity  
s u p p o s e d  to  ex ist in  c o ro n a ry  d isease [9, 67, 68 ], a c la im  su b s ta n tia te d  b y  e x p e r
im e n ta l  ev idence [69, 70]. A ccep tin g  N i k k il ä ’s th e o ry  [37, 66], in  case o f  
p a t ie n ts  w ith  co ronary  d isease  o n ly  th e  d ire c t h y p erlip aem ic  ac tio n  o f  g lucose 
c o u ld  b e  m an ifested , w hile th e  effect of th e  se c o n d a rily  re leased  in su lin  sh o u ld  
be  p re v e n te d .

F u r th e r  stud ies w ill h a v e  to  decide w h a t m a y  be  held  responsib le  fo r  th e  
e ffe c t o f  glucose as rev ea led  b y  th e  p re sen t o b se rv a tio n s .

Acknow ledgem ents. W e a re  in d e b te d  to  Mr. J .  Berédi, chem ical engineer, fo r th e  p re 
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ÜBER DIE WIRKUNG VON URETERVERSCHLUSS 
AUF DIE NIERENFUNKTION VON RATTEN

Von

T .  H arza , G y . K ö v é r  u n d  É .  Szőcs

PHY SIOLOG ISCHES IN ST ITU T (D IR E K T O R : PR O F . D R. P. BÄLINT)
D ER  M ED IZIN ISC H EN  U N IV ER SITÄ T BUDAPEST

(E ingegangen  am  25. J a n u a r  1967)

Bei R a tte n  w urde das M aß d e r G lo m eru la rfiltra tio u  irn N o rm a lz u stan d  und  
iv äh ren d  U re te rv e rsch lu ß  bei v e rsch ied en e r H y d ra ta t io n  u n te rsu ch t. D ie a n g ew a n d te  
e in fache M ethode u n d  der G ang d e r B e rech n u n g  w erden  beschrieben.

E s w urde festg es te llt, daß  sich  de r bei den  K o n tro lltie ren  e rm itte lte  M indest- 
G F R -W e rt v o n  0,21 m l/m in  au f W irk u n g  von  U re te ru n te rb in d u n g  a u f  0,13 m l/m in  
v e rm in d erte . Bei m it physio log ischer K och sa lz lö su n g  h e rb e ig efü h rte r D iu rese  b e tru g  
d e r G F R -W e rt 0,13, bei W asserd iu rese  0,11 m l/m in . Bei M ann itd iu rese  m a c h te  de r 
G F R -W e rt n ach  U re terv e rsch lu ß  m in d esten s  0,023 m l/m in  aus.

A nsch ließend  w erden  die M öglichkeiten  e rö r te r t,  die w ährend  U re te rv e rsc h lu ß  
d ie G lo m eru la rfiltra tio n  zu sichern  v erm ögen .

D ie V ersch ließung  des U re te rs  fü h r t  H a rn s ta u u n g  u n d  D ru ck an stieg  in  den 
H arnw egen  herbei. D er D ru ck an stieg  w ird  vom  P yelum  a u f  die in tra tu b u lä re  
F lü ssig k e it ü b e rtra g e n , was die E rh ö h u n g  des in tra ren a len  D rucks zu r Folge 
h a t [8]. D ie E rsche inung , daß  die G lo m e ru la rf iltra tio n  nach  U re te rv e rsch lu ß  
n ich t vo llkom m en  au fh ö rt f l ,  9, 14], f in d e t ih re  E rk lä ru n g  d a rin , d aß  d ie tu b u 
läre  R e so rp tio n  die zu stan d eg ek o m m en e  in tra re n a le  D ru ck erh ö h u n g  h e ra b s e tz t  
[10]. D ie M essung d er F iltra tio n  n a c h  U re te rv e rsch lu ß  erfo lg t a u f  in d ire k te m  
W eg, indem  die In u lin - bzw . K re a tin in e x tra k tio n  m it dem  W ert d er d u rch  die 
N iere s trö m en d en  P lasm am enge m u ltip liz ie r t w ird  [3, 19]. Die o p e ra tiv e  F re i
legung  des N ierenh ilu s k an n  ab er eine V erle tzu n g  der L y m p h g efäß e  h e rb e i
fü h ren  und  a u f  diese W eise die V e rän d e ru n g  d er in tra ren a len  R e a b so rp tio n  zur 
Folge h ab en .

U nser Ziel w ar die A u sa rb e itu n g  e in er M ethode, m it deren  H ilfe  die sich  
w äh ren d  des U reterv ersch lu sses  ab sp ie len d en  V erän d eru n g en  o hne  die V e r
le tzu n g  d er N erven- bzw\ G efäß v erso rg u n g  d er N iere  und  der L y m p h s trö m u n g  
u n te rsu c h t w erden  können . A nsch ließend  s te llte n  w ir uns die F rag e , w elchen  
E in flu ß  die Z u fu h r von  L ösungen  m it v e rsch ied en er O sm o la litä t a u f  die N ie re n 
fu n k tio n  nach  U re te rv e rsch lu ß  a u sü b t.

M ethodik

D ie E x p erim en te  e rfo lg ten  an  150 — 250 g schw eren  m ännlichen , aus e ig en er Z u ch t 
s ta m m e n d en  W is ta r-A lb in o ra tte n  in  P e n to b a rb ita ln a rk o se . D ie T iere w urden  in 5 G ru p p en  
e in g e te ilt. Die zu r e rs ten  u n d  zw eiten  G ru p p e  g eh ö ren d en  T ieren  w urden n ich t b e h a n d e lt .  D ie 
T iere  d e r d r i t te n  G ru p p e  e rh ie lten  in  die S ch w an zv en e  physiologische K ochsa lz lösung  (iso-- 
ino tische  H y p erv o läm ie ), die de r v ie rten  G ru p p e  2 ,5% ige  G lukoselösung (h y p o sm o tiseh e
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H y p erv o läm ie ), w äh ren d  d e n  R a tte n  der fü n ften  G ru p p e  eine 10%  M ann it e n th a lte n d e  p h y sio 
logische K ochsa lz lösung  (h y p e ro sm o tisch e  H y p e rv o läm ie ) v e ra b re ic h t w urde. D ie M enge de r 
z u g e fü h rten  L ösung e n ts p ra c h  in  säm tlich en  F ä llen  3 %  des K ö rpergew ich ts. 30 M in u ten  n ach  
V erab fo lg u n g  der L ö su n g en  w u rd e  bei säm tlich en  T ie ren  d ie  B lase  m itte ls  M ed ian lap aro to m ie  
fre ig e leg t. I n  die B lase  d e r  z u r  e rs ten  G ruppe g eh ö ren d en  T ie re  w urde  zwecks H a rn sa m m lu n g  
e ine  d ü n n e  K u n s ts to ffk a n ü le  f ix ie r t ,  bei den  R a tte n  d e r  ü b rig e n  G ru p p en  w u rd en  be ide  H a rn 
le i te r  o b e rh a lb  d e r B lase  u n te rb u n d e n . N ach  30 m in  e rh ie lte n  säm tliche  T iere i.v . 100 m g 
In u lin  in  2 m l p h y sio lo g isch er K ochsalzlösung.

N a c h  a n d e r th a lb  S tu n d e n  w urde  d ie B lase d e r  T ie re  d e r  G ruppe  I  m it ph y sio lo g isch er 
K o ch sa lz lö su n g  so rg fä ltig  d u rc h g esp ü lt u n d  die S p ü lflü ss ig k e it m it dem  gesam m elten  H a rn  
v e re in ig t. D a n ac h  w u rd e n  sä m tlich e  T iere d u rch  d ie  A a. c a ro tid e s  e n tb lu te t  u n d  d as B lu t in  
ein  H e p a r in  e n th a lte n d e s  G efäß aufgenom m en. D u rc h  W eite rfü h ru n g  des lap a ro to m isc h en  
S c h n itts  w u rd en  so d an n  d ie  N ie ren  freigelegt u n d  b e i d e n  G ru p p e n  I I —V der N ie ren v e rsch lu ß  
k o n tro llie r t .  N ach  D u rc h tre n n u n g  der H ilusgeb ilde  k a m  es z u r  vo rsich tig en  D e k ap su la tio n  der 
N ie ren , w obei d a ra u f  g e a c h te t  w u rd e , daß  de r H a rn  a u s  d e n  H arn w eg en  n ich t h e rau sfh e ß e . D ie 
b e id e n  N ieren  w u rd en  m its a m t d em  sich b is zum  V e rsc h lu ß  e rs treck en d en  U re te ra b sc h n it t  in  
e in  g ra d u ie rte s  R eag en zg la s  gelegt.

B eide  N ieren , 1 m l des z en trifu g ie rten  P la sm as  sow ie 2 m l 100 m g In u lin  e n th a lte n d e  
p h ysio log ische  K o ch sa lz lö su n g  (ve rab fo lg te  In u lin d o s is )  w u rd e n  m it 2 m l 1 0 % ig er N aO H - 
L ö su n g  im  siedenden  W a sse rb a d  zerstö rt.

N ach  Z ers tö ru n g  d e r  G ew ebe w urde das E iw eiß  in  d en  in  e n tsp rech en d e r W eise v e r
d ü n n te n  L ösungen  m it 1 0 % ig er Z n S 0 4-I.ö sung  p r ä z ip i t ie r t  u n d  das In u lin  im  F i l t r a t  n ach  
L it t l e  b e s tim m t.

Berechnung

D e r In u lin g e h a lt  des P lasm as, des H a rn s  u n d  d er beiden  N ieren  w urde  
b e s tim m t. W ird  aus d em  W e rt der zu g e fü h rte n  In u lin m en g e  die m it dem  H a rn  
ausgesch iedene bzw . d ie sich  in den N ieren  g esp e ich erte  In u lin m en g e  s u b tr a 
h ie r t , e rh ä lt  m an  die im  ex traze llu lä ren  R a u m  des T ieres befind liche  In u lin 
m enge. D u rch  D iv id ie ru n g  dieses W ertes  m it  d e r  In u lin k o n z e n tra tio n  des 
P la sm a s  k a n n  d e r e x tra z e llu lä re  R au m  d e r R a t te  e rm itte lt  w erden .

A n h an d  d er A n n a h m e , daß  das f i l tr ie r te  In u lin  be i d er e rsten  G ru p p e  m it 
dem  H a rn  restlos ausgesch ieden  w urde u n d  b e i d en  an d eren  v ie r G ru p p en  sich  
in  d en  N ieren  u n d  H arn w e g e n  restlos a b la g e rte , g e lan g ten  w ir zu r F o lg e ru n g , 
d a ß  d u rc h  D iv id ie ru n g  des H a rn in u lin g e h a lts  (G ru p p e  I) bzw . des In u l in 
g eh a lts  d er N ieren  u n d  d er H arnw ege (G ru p p en  I I —Y) m it dem  Z e itfa k to r  u n d  
d e r d u rc h sc h n ittlic h e n  P la sm a k o n z e n tra tio n  d e r In u lin -C lea ran ce -W ert e rm it
t e l t  w erd en  k a n n . F a lls  im  Z e itp u n k t t d ie  In u lin k o n z e n tra tio n  des P la sm as 
c(t) m g/m l b e trä g t , so is t  die d u rch sch n ittlich e  P la sm a k o n z e n tra tio n

c

90

\c(t)dt
0

90

u n d  d em n ach  die C learance  (C)

( 1 )

( 2)

w obei M  die w ä h re n d  d e r 90-m in Y ersu ch sp erio d e  m it dem  H a rn  ausge'
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sch iedene In u lin m en g e  bzw . bei den  T ie re n  m it U re te rv e rsch lu ß  d ie  in  den 
N ieren  gespeicherte  u n d  in  den H arn w eg en  ab g e lag erte  In u lin m en g e  b e d e u te t.

In  A n b e tra c h t dessen , daß das In u lin  au s  dem  P lasm a e in e rse its  in  R ich 
tu n g  des in te rs titie lle n  R au m s d iffu n d ie rt, a n d e rse its  durch  die G lo m eru la  fil
t r ie r t  w ird , erg ib t die F u n k tio n  c(t) e ine K u rv e  v o n  an n äh ern d  ex p o n en tie llem  
V erlauf.

U n te r  A n w endung  der B eze ichnungen  c(90) =  c9() und  c(0) =  e0 la u te t  
die F o rm e l der K o n z e n tra tio n sk u rv e :

c ( t)  — cn 10 90 ( 3)

W ird  c(t) in  G le ichung  (1) d u rc h  G le ich u n g  (3) e rse tz t, so la u te t  die 
F o rm el n ach  der In te g rie ru n g

c =  — f o - V - l g e .
!g C90 —  lg  C0

A u f G rund  d e r F o rm el (2) e rg ib t s ich  d e r  C learance-w ert so m it aus der 
F orm el

c  _  M  l g  c 9 0  —  l g  c o  

90 lg e c90— c0

Z u r B erech n u n g  d e r  C learance is t d ie  K e n n tn is  der P la sm a k o n z e n tra tio n  
zu d en  Z e itp u n k te n  t =  0 und  t =  90 e rfo rd e rlich . D en le tz te re n  W e r t  e rg ib t 
die a n a ly tisc h  b e s tim m te  In u lin k o n z e n tra tio n , w äh ren d  der e rs te rw ä h n te  W ert 
in  K e n n tn is  der z u g e fü h rte n  In u lin m en g e  b e re c h n e t w erden k a n n , w obei der 
P la sm a ra u m  als 5%  des K örpergew ich ts an g en o m m en  w ird. B ei d ie se r  B erech 
n u n g  w ird  die G F R  u n te rg e sc h ä tz t, w eil s ich  d ie  d u rch sch n ittlich e  P la s m a k o n 
z e n tra tio n  höher g e s ta l te t  als der ta ts ä c h lic h e  W e rt, d .h . daß m a n  e igen tlich  
die u n te re  G renze d e r G lo m e ru la rf iltra tio n  e rh ä lt .  W ird  bei der B e re c h n u n g  der 
In it ia lk o n z e n tra tio n  des Inu lins a n g en o m m en , daß  sich das g e sa m te  In u lin  
u n m itte lb a r  im gan zen  in te rs titie llen  R a u m  v e r te i l t ,  so rech n e t m a n  m it  einer, 
im  V e rh ä ltn is  zu den  ta tsä c h lic h e n  V e rh ä ltn is se n  n iedrigeren  In u l in k o n z e n tra 
tio n , d .h . d aß  die Inu lin -C learan ce  ü b e rg e s c h ä tz t  w ird  und  das E rg e b n is  den 
oberen  G renzw ert d a rs te ll t .

D ie E rgebnisse  bez iehen  sich a u f  100 g K ö rp ergew ich t.

E rgebn isse

T ab e lle  I e n th ä lt  d ie u n te ren  G ren zen  d e r  G F R -W erte .
B ei den  K o n tro lltie re n  b e tru g  d e r  F iltra tio n sw e rt m in d e s te n s  0,21 

m l/m in /100  g K örp erg ew ich t. Am E n d e  des E x p e rim en te s  m a c h te  d e r  e x tra -
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Tabelle I

Zahl
der

Tiere

Inulin-Clearance, 
ml/min/100 g Körper

gewicht

Extrazellularraum, 
% Körpergewicht

Durchschnitt S. D. Durchschnitt S. D.

K o n tro lltie re 20 0,21 0,035 23,5 15,0

er
sc

hl
os

-

U
re

te
r O h n e  B elastung 7 0,13 0,036 23,9 12,8

Physio logische K ochsa lz lösung 16 0,13 0,019 24,1 14,4

.ti s
S e

2 ,5 % ig e  Glukoselösung 24 0,11 0,021 23,5 12,4

H w<t>
H

10% ige  M annitlösung 15 0,023 0,009 24,0 14,5

S .D . =  S ta n d a rd d e v ia tio n

z e llu lä re  (In u lin -) R au m  d e r  T ie re  23,5%  des K ö rp erg ew ich ts  aus. In  d e r  zw ei
te n  G ru p p e , in  der w äh ren d  des E x p erim en ts  led ig lich  der U re te r u n te rb u n d e n  
w u rd e , w a r  der W ert d e r G lo m e ru la rf iltra tio n  0 ,13  m l/m in/100 g K ö rp e rg e 
w ic h t. B e i den T ieren  d e r d r i t te n  G ruppe, d ie  physio logische K o ch sa lz lö su n g  
e rh ie l te n , b e tru g  der G F R -W e r t w ährend  des U re te rv e rsch lu sses  0,13 m l/m in / 
100 g K örp erg ew ich t. D e r E x tra z e llu la rra u m  m a c h te  24,1%  des K ö rp e rg e 
w ic h ts  au s .

B e i d en  T ieren d e r v ie r te n  G ruppe, bei d en en  eine hyposm otische  H y p e r 
v o lä m ie  h e rb e ig e fü h rt w u rd e , w aren  die E rg eb n isse  w ie fo lgt: In u lin -C lea ran ce : 
0,11 m l/m in /1 0 0  g K ö rp e rg ew ich t, E x tra z e llu la rra u m  am  E nde des E x p e r im e n ts  
2 3 ,5 %  d es K örpergew ich ts.

B e i den  le tz te rw ä h n te n  d re i G ruppen  w a r  zw ischen  den e rm itte l te n  E r 
g e b n is se n  — G F R  bzw . E x tra z e llu la rra u m  — k e in  U n tersch ied  fe s tzu s te llen .

B e i d e r fü n ften  G ru p p e  w urde die H y p e rv o lä m ie  durch  V e ra b re ich u n g  
e in e r  1 0 % ig en  M ann itlö sung  z u s ta n d e g e b rac h t. E rg eb n isse : G lo m e ru la rf iltra t :  
0 ,023  m l/m in /100  g K ö rp e rg ew ich t, E x tra z e llu la rra u m : 24%  des K ö rp e r 
g e w ic h ts . D ie obere G renze d es  G F R -W ertes b e t r u g  in  der K o n tro llg ru p p e  0 ,58 
m l/m in /1 0 0  g K ö rp erg ew ich t, n a c h  U n te rb in d u n g  des U reters ohne B e la s tu n g  
0 ,34  m l/m in /100  g K ö rp e rg e w ic h t, au f W irk u n g  physio logischer K o c h sa lz 
lö s u n g  0 ,30  m l/m in/100 g K ö rp erg ew ich t u n d  b e i du rch  2 ,5% ige G lu k o se 
lö su n g  h e rb e ig e fü h rte r  D iu re se  0,048 m l/m in /100  g K örpergew ich t.

B esprechung

D ie  v o n  m ehreren  V erfasse rn  bei R a tte n  n e b s t  freiem  H a rn a b flu ß  d u rc h 
g e fü h r te n  In u lin -C lea ran ce-B estim m u n g en  e rg a b e n  fo lgende R e su lta te : D i c k e r  
u n d  H e l l e r  [5] 0,351 m l/m in /100  g K ö rp e rg e w ic h t, F r ie d m a n  u n d  L i v i n g 
s t o n e  [6] 0,27 m l/m in/100 g K örpergew ich t, F r i e d m a n  u n d  M ita rb . [7] 0 ,36
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m l/m in/100 cm 2 K ö rp ero b erfläch e . L a u t M u n t w y l e r  und  G r i f f i n  [17J b e trä g t 
der G F R -W e rt a n h a n d  d er exogenen bzw . endogenen  K rea tin in -C lea ran ce  0,72 
bzw. 0,62 m l/m in /100  g K ö rp ergew ich t. P u l t z  u n d  M ita rb . [18] fanden  
a u f  G ru n d  d e r M annit-C learance  einen  W e rt von  0,65 m l/m in /100  g K ö r
pergew ich t. In  u n se ren  v o rangehenden  E x p e rim e n te n  [12] b e s tim m te n  w ir 
die In u lin -C lea ran ce  bei R a tte n  m it e in e r  a n d e ren  M ethode u n d  e rh ie lten  
dabei einen W e rt v o n  0,285 m l/m in/100 g K örp erg ew ich t. D ie in  v o rlieg en 
der Y ersuchsserie  e rm itte lte  In u lin -C lea ran ce  von  0,21 m l/m in /100  g K ö r
p ergew ich t w a r e tw as n ied riger als die in  d e r  L i te ra tu r  m itg e te ilten  W e rte . Dies 
is t die logische Folge des U m standes, d aß  be i d e r  B erechnung  d er d u rc h s c h n it t
lichen  P la sm a k o n z e n tra tio n  die F u n k tio n  c(t) fü r  eine K u rv e  v o n  m o n o ex p o 
nen tie llem  V erlau f b e tra c h te t  w urde, obw oh l dieselbe die R e su lta n te  v o n  m in 
destens zwei ex p o n en tie llen  K om p o n en ten  is t. D er sich aus d ieser V ere in fach u n g  
ergebende F e h le r  is t desto  k leiner, je  n ie d rig e r  die G lo m eru la rfu n k tio n  ist, 
w oraus fo lg t, d aß  d e r re la tiv e  F eh le r d e r  e rre c h n e te n  In u lin -C lea ran ce  — im 
F alle  der B e rü ck sich tig u n g  der u n te re n  G ren zen  — bei der K o n tro llg ru p p e  am 
hö ch sten  u n d  bei den  m it M annit b e h a n d e lte n  T ieren  am  n ied rig s ten  is t. D er 
U m stan d , d aß  w ir uns bei der D eu tu n g  d e r  E rgebn isse  a u f  die u n te re n  G renz
w erte  der G F R  s tü tz te n , f in d e t seine E rk lä ru n g  d a rin , daß  d ieser W e rt von 
0,21 m l/m in  dem  m it d er anderen  M ethode e rm itte lte n  W ert von 0,285 m l/m in  
n ä h e r lieg t als d e r  obere  G renzw ert von  0 ,58  m l/m in . D a der bei d e r B erech n u n g  
der G F R  begangene F eh le r se lb s tv e rs tä n d lic h  säm tliche  W erte  in  id e n tisc h e r 
R ich tu n g  b e e in flu ß t, d ü rfen  die in den v e rsch ied en en  G ruppen  e rm itte l te n  R e
su lta te  b e re c h tig t verg lichen  w erden.

A nsch ließend  sei e rw äh n t, daß  die g e sch ild e rte  M ethode — w ie d a ra u f  die 
B eschre ibung  des B erech n u n g sv erfah ren s h in w eis t — den D u rc h sc h n ittsw e rt 
der w äh ren d  d e r V ersuchsperiode  b es te h e n d e n  G F R  erg ib t und  sich z u r  genauen  
R eg is trie ru n g  d e r D y n am ik  der sich w ä h re n d  des U re te rv ersch lu sses  en tw ik- 
ke lnden  P rozesse n ic h t eignet.

N ach  U re te rv e rsch lu ß  h ö rt die F i l t r a t io n  in  den  N ieren  n ic h t au f, da  ein 
Teil d e r f il tr ie r te n  F lü ssig k e it en tw ed er in  den  T ubu li [4] o d e r d u rc h  die 
L y m p h g efäß e  des P y e lu m s und  U re te rs  [16] oder du rch  die p y e lo v en ö sen  
W ege [13] re a b so rb ie r t w erden  k an n .

In  un seren  E x p e rim e n te n  b e tru g  die In u lin -C lea ran ce  bei den  T ie ren  nach 
U re te rv e rsch lu ß  ohne B elastu n g  0,13 m l/m in /100  g K ö rp erg ew ich t. D ies ist 
m ehr als die H ä lf te  des bei N orm aln ieren  g e fu n d en en  W ertes (0,21 m l/m in /100  g 
K örp erg ew ich t). F a lls  n ach  U re te rv e rsch lu ß  au ch  isosm otische H y p e rv o lä m ie  
vorlag , b e tru g  die Inu lin -C learance  0,13 m l/m in /100  g K örp erg ew ich t, w äh ren d  
im  F a lle  h y p o sm o tisch er H ypervo läm ie  ein W e rt von 0,11 m l/m in /100  g K ö r
p ergew ich t zu v e rze ich n en  w ar (T ab. I).

N ach  U re te rv e rsch lu ß  e n ts te h t in d en  H arnw egen  eine D ru c k e rh ö h u n g , 
deren  M aß d er m o m en tan en  G lo m eru la rf iltra tio n  u n d  dem  A usm aß  d e r W asser-
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r e a b s o rp tio n  en tsp rech en d  60 — 80 m m H g a u sm a c h t. Diese D ru c k e rh ö h u n g  
w ird  a u f  die in tra re n a len  G ew ebe ü b e rtra g e n  u n d  k o m p rim ie rt die N ie ren g e 
fä ß e , in sb eso n d e re  die V en en . B e i N ieren  m it in ta k te r  N erven v erso rg u n g  f ü h r t  
d ie  a k u te  V ersch ließung  des U re te rs  in  s itu  n ic h t  z u r  V erm inderung  d e r N ie re n 
d u rc h b lu tu n g  [19, 15]. D ies is t  n u r  in  dem  F a ll  m ög lich , w enn die p o s tg lo m eru - 
lä re , a n n e h m b a r venöse W id e rs ta n d se rh ö h u n g  d u rc h  die p rä g lo m e ru lä re  
W id e rs ta n d sv e rm in d e ru n g  k o m p e n s ie rt w ird . D ie  E rw e ite ru n g  der a f fe re n te n  
A r te r io le n  h a t  den A n stieg  des e ffek tiven  F iltra tio n sd ru c k s  zu r F o lg e ; dies 
e r k lä r t  g leichzeitig  au ch  d ie  n a c h  U re te rv e rsch lu ß  e rh a lten en  hohen  In u lin -  
C le a ra n c e-W e rte .

D  e r E rsche inung , d a ß  d e r  w ährend  des U re te rv e rsch lu sses  in  d en  H a rn -  
Avegen e n ts te h e n d e  D ru c k  h ö h e r  sein  k a n n  als d e r  in  der N o rm aln ie re  h e r r 
sc h e n d e  F iltra tio n sd ru c k , lie g t an n eh m b ar au c h  die E rw eite ru n g  d er A rte rio le n  
z u g ru n d e . D ie R e a b so rp tio n  d e r f i l tr ie r te n  F lü ss ig k e it in  den N ieren  n a c h  
U re te rv e rsc h lu ß  w ird  a lle r W ah rsch e in lich k e it n a c h  d u rch  den zu s ta n d e g e k o m 
m e n e n  e rh ö h ten  D ru ck  g e fö rd e rt.

F a lls  der U re te rv e rsch lu ß  län g er b e s te h t, f ü h r t  der hohe in tra re n a le  D ru c k  
z u  s tru k tu re l le n  N ie ren sch äd ig u n g en , w as d ie V erm in d eru n g  der N ie re n d u rc h 
b lu tu n g  z u r Folge h a t  [2].

Iso sm o tisch e  bzw . h y p e ro sm o tisch e  H y p e rv o lä m ie  b ee in flu ß ten  d as  M aß 
d e r F i l t r a t io n  in den N ie ren  n ach  U re te rv e rsch lu ß  n ich t.

B e i du rch  M am iit h e rb e ig e fü h rte r  H y p e rv o lä m ie  v e rm in d erte  sich  d er 
G F R -W e r t  w ährend  des U re te rv e rsch lu sses  im  V erh ä ltn is  zum  N o rm a lw e rt in 
b e d e u te n d e m  M aße. D ie E rsc h e in u n g  d ü rf te  fo lg en d erm aß en  e rk lä r t  w e rd e n :

1. D as M olekül des M an n its  v erm ag  das T u b u lu sep ith e l n ic h t d u rc h z u 
d r in g e n  u n d  b in d e t so m it d a s  W asser o sm otisch  im  T u b u luslum en . N a c h  U re 
te rv e r s c h lu ß  en tw ickelt s ich  in  den  H arn w eg en  info lge des e rw äh n ten  M ech a
n ism u s  w ahrschein lich  ein  b e d e u te n d  h ö h ere r D ru c k  als in  anderen  d iu re tisc h e n  
Z u s tä n d e n , w eshalb die G lo m e ru la rf iltra tio n  in  b e d eu ten d e rem  M aße a b n im m t.

2 . B ei du rch  M a n n it h e rb e ig e fü h rte r  o sm o tisch er D iurese e rh ö h t sich  
w ä h re n d  des U re te rsch lu sses  die R B F  [20]. N a c h  den  A ngaben a n d e re r  V e r
fa s s e r  b r in g t  M annit in  d e r N iere  V a so d ila ta tio n  z u s tan d e  [11]. In  K e n n tn is  
d ie se r  D a te n  erg ib t sich  d ie  M öglichkeit, d aß  M a n n it d u rch  b ed eu ten d e  M od ifi
z ie ru n g  d er in tra re n a len  K re is la u fv e rh ä ltn is se  die G lo m eru la rfiltra tio n  h e r 
a b s e tz t .

I n  unseren  E x p e r im e n te n  m ach te  d er W e r t  des ex traze llu lä ren  (In u lin -)  
R a u m s  in  einer jed en  d e r 5 G ru p p e n  a n n ä h e rn d  2 3 ,7 %  des K ö rp erg ew ich ts  aus. 
U n s e re  E rgebn isse  s tim m e n  m it den A ngaben  v o n  W h i t e  u n d  R o l f  [21], n a c h  
d e n e n  d e r  In u lin rau m  be i R a t te n  20%  des K ö rp erg ew ich ts  b e trä g t, a n n ä h e rn d  
ü b e re in ,  w enn in B e tra c h t  gezogen w ird , d aß  u n se re  T iere vor dem  E x p e r i
m e n t  e in e  3%  des K ö rp e rg ew ich ts  en tsp rech en d e  F lüssigkeitsm enge i.v . e rh ie l
te n .  E s  sei jedoch  b e to n t , d a ß  sich die b esch rieb en e  M ethode zur g en au en  Be-
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S tim m ung  des E x tra z e llu la rra u m s — w ie d a ra u f  auch  die S tre u u n g  d er In u lin 
ra u m w e rte  h inw eist — wegen der sich  au s d e r  B erech n u n g stech n ik  ergebenden  
b e d e u te n d e n  F eh le rq u e lle  (m an m u ß  d ie  D ifferenz zw eier, e in a n d e r  n a h e s te 
h e n d e n  Zahlen b ild en ) n ich t e ignet.
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OXIDIZABLE RESIDUE
OF BLOOD SERUM AND SERUM ELECTROLYTES 

IN HEPATARGIC COMA
By

J .  C s a p ó , J .  B u d a i  a n d  G .  N y e r g e s

PATHO PHY SIOLOG ICA L LA BO RA TO RY  (H EA D : J . CSAPÓ),
LASí LÓ H OSPITAL FO R  IN FE C T IO U S D ISE A SES, BUDAPEST

(R eceived  J a n u a ry  25, 1967)

T o revea l th e  p a th o m ech an ism  o f h e p a ta rg ic  com a, besides th e  lev e ls o f p lasm a  
sod iu m , p o tassiu m , chloride  an d  s ta n d a rd  b ic a rb o n a te , th e  so-called o x id izab le  residue 
of th e  serum  w as d e te rm in ed . T he o x id izab le  re s id u e  consists o f acid an d  n o n a c id  c o n sti
tu e n ts  o x id izab le  w ith  p e rm a n g an a te , e x c e p t p ro te in  and  sugar.

(i) In  com a acco m p an y in g  a cu te  h e p a t i t i s  th e  serum  sodium , p o ta s s iu m  and  
ch lo ride  v a lu es are  n o t ch a ra c te ris tic . S ta n d a rd  b ica rb o n a te  gen era lly  re m a in s  a t  a 
n o rm al level in  th e  e a rly  phase  o f com a; la te r  i t  fa lls below  th is  level or, o ccasio n ally , 
re m a in s  u n ch an g ed  in  sp ite  o f deep  com a. I n  c o n tra s t ,  th e  ox id izab le  re s id u e  m ay  
a t ta in  4- to  5-fold th e  n o rm al v a lu e , b u t  b e n ig n  d is tu rb an ces o f  consc iousness m ay  
o ccu r w ith o u t a n y  o x id a tiv e  d is tu rb an c e .

(ii) T h e  ic te ric  com a of o b s tru c tiv e  o rig in  show s th e  sam e c h a ra c te ris tic s .
(iii) In  th e  course o f a cu te  h e p a titis ,  se rio u s v ascu la r d eco m p en sa tio n  m ay  occur 

w ith o u t s ig n ifican t increase  in  th e  o x id izab le  residue.
(iv) T h e  m ain  fa c to r  causing  in creases in  th e  oxid izable residue  is a n  en h an ced , 

y e t in co m p le te , o x id a tio n ; a n o th e r  occasional fa c to r  is ren al failure. T he r a t io  o x id izab le  
residue  pe r n o n p ro te in  n itro g en  p ro v id es in fo rm a tio n  as to  w h e th er en h an c ed  o x id a tio n  
or in su ffic ien t ex cre tio n  is p re d o m in an t.

T h e cause  o f h e p a rta g ic  com a is s till  u n k n o w n . A m ong th e  n u m ero u s 
th eo rie s  th re e  m e rit m en tion ing . R e c e n tly , h y p eram m o n iaem ia  h a s  been 
th o u g h t to  be th e  m ost im p o r ta n t fa c to r . A cco rd in g  to  th is  th e o ry  th e  d is tu rb 
ance o f consciousness w ould  be due to  am m o n ia  in to x ica tio n  [1, 2 ]. Som e 
a u th o rs  h a v e  p o in te d  o u t th e  sign ificance o f  re sp ira to ry  alkalosis [3] w h ich  en 
hances th e  to x ic  effect o f am m onia  on th e  one h a n d  an d  inh ib its  th e  d isso c ia tio n  
o f o xyhaem og lob in  on th e  o th e r; th e  c o n se q u e n t hypo x ia  w ould  le a d  to  com a 
b y  in h ib itin g  th e  o x id a tiv e  a c t iv i ty  o f  th e  b ra in . T hölen  an d  B ig l e r  [4] 
a t t r ib u te  th e  red u ced  o x id a tio n  in  th e  liv e r  a n d  b ra in  o f the  co m ato se  p a t ie n t  
to  a d ire c t v ira l e ffec t; th e y  suggest t h a t  th is  w as th e  reason  w h y  o x id a tio n  
w as sh ifted  in  th e  anaerob ic  d irec tio n  a n d  s to p p e d  a t  an  in te rm e d ia ry  s tage  
in s tead  o f p ro d u c in g  carb o n  d iox ide  a n d  w a te r .

In  th e  p re se n t s tu d y  we h av e  in v e s tig a te d  w h e th e r th e  d is tu rb a n c e s  of 
consciousness in  con n ec tio n  w ith  a c u te  h e p a ti t is  an d  w ith  b ilia ry  d u c t  o b s tru c 
tio n  are  acco m p an ied  b y  o x id a tiv e  d is tu rb a n c e s  or n o t. O ur a t te n t io n  has n o t 
been focussed  on in d iv id u a l p ro d u c ts  o f o x id a tio n , for these  are  m a n ifo ld  an d  
p a r tly  s till u n k n o w n . In s te a d , th e  to ta l  a m o u n t o f th e  p ro d u c ts  o f  in su ffic ie n t 
o x id a tio n , in c lud ing  lac tic  acid , b u ty r ic  ac id , m alic  acid , succinic a c id , p y ru v ic  
acid , a ce to in , 2 ,3 -bu ty leneg lyco l, etc., w as d e te rm in ed . In  a d d itio n  so d iu m ,
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p o ta s s iu m , ch loride, s ta n d a rd  b ica rb o n a te , n o n p ro te in  n itro g en , b iliru b in  an d  
G P T  w ere  assayed  in  th e  p la sm a  in o rd er to  th ro w  lig h t on th e  c o rre la tio n  
b e tw e e n  th e se  an d  th e  degree o f ox id a tiv e  d is tu rb a n c e s .

M ethods

B lo o d  has been  ta k e n  befo re  th e  drop  in fusion  w as s ta r te d  a n d  an tib io tic s  w ere  g iv en . 
S o d iu m  a n d  p o tass iu m  w ere  d e te rm in e d  w ith  th e  flam e  p h o to m e te r , ch loride w ith  a  m o d ified  
V o l h a r d  m eth o d , s ta n d a rd  b ic a rb o n a te  and  n o n p ro te in  n itro g e n  according to  Va n  S l y k e  
a n d  R a p o p o r t , re sp ec tiv e ly , a n d  th e  oxid izable re sid u e  w ith  a  m eth o d  evolved b y  u s [5]. T h e  
v a lu e s  e x c e p t  n o n p ro te in  n itro g e n , b iliru b in  a n d  G P T  w ere  ex pressed  in  m E q  per l it re . A cid  
ra d ic a l  re s id u e  w as c a lcu la te d  b y  su b tra c tin g  th e  b ic a rb o n a te  +  chloride c o n ce n tra tio n s  fro m  
th e  su m  o f  th e  sodium , p o tass iu m , calc ium  an d  m ag n esiu m  co n cen tra tio n s . In  th is  c a lc u la tio n  
th e  c a lc iu m  a n d  m agnesium  c o n c e n tra tio n  was ta k e n  as 5.0 a n d  2.0 m E q , re sp ec tiv e ly . S u ch  
a  s im p lif ic a tio n  w as perm issib le  becau se  th e  f lu c tu a tio n  o f th e  calcium  an d  m ag n esiu m  v a lu e s  
cau ses n o  s ig n ifican t e rro r as re g a rd s  th e  a c id —base eq u ilib riu m .

R esults

T a b le  I  refers to  cases o f acu te  h e p a titis . T h e  sod iu m  co n cen tra tio n  show ed  
a m o d e ra te  f lu c tu a tio n  b o th  up - an d  d o w n w ard s. O n ly  case 9 h ad  an  e x tre m e 
ly  lo w  v a lu e . T he p o ta ss iu m  level ran g ed  fro m  3.3 to  5.6 m E q , th e  ch lo rid e  
le v e l b e tw e e n  86 an d  108 m E q . A low level o f s ta n d a rd  b ica rb o n a te  in d ic a te s  
e i th e r  m e tab o lic  acidosis o r re sp ira to ry  a lk a lo sis . In  ou r cases th e  v a lu e  o f 
s ta n d a r d  b ic a rb o n a te  w as n e a r  th e  no rm al level e a r ly  in  th e  com a an d  dec lin ed  
o n ly  la te r ,  w hen  illness h a d  progressed .

T h e  level of ac id  ra d ic a l residue , 25 — 30 m E q  u n d e r no rm al co n d itio n s , 
w as m o s tly  e lev a ted . O ne sh o u ld , how ever, co n sid e r th a t  th is  ca lcu la ted  v a lu e  
is s ig n if ic a n tly  in flu en ced  b y  th e  errors in e v ita b ly  co m m itted  in  th e  d e te rm in a 
tio n  o f  th e  values (N a, K , Cl, etc.) from  w hich  i t  is ca lcu la ted . In  fac t, th e  v a lu e  
o f  a c id  ra d ic a l res id u e  eq u a ls  th e  sum  of th e  p h o sp h a te s , su lp h a tes , o rg an ic  
ac id s  a n d  se ru m  p ro te in s . A  d irec t con tro l o f th is  v a lu e  w ould req u ire  a d e te r 
m in a tio n  o f all th ese  fa c to rs , a v e ry  labo rious w o rk .

I n  th e  e lev en th  co lu m n  o f T ab le  I  th e  o x id izab le  residue, th e  m o s t im 
p o r t a n t  fa c to r  in  o u r s tu d y , is p resen ted . O x id izab le  residue includes a ll th e  
o x id iz a b le  su b stan ces o f se ru m , e ith e r acid  or n o n ac id  ch a rac te r, ex cep t p ro 
te in  a n d  su g ar. T he level o f ox idizable re s id u e  ro se  to  4 — 5-fold th e  n o rm a l 
v a lu e  (a b o u t 100 m E q ) w hen  com a was p ro g ressin g . Case 13 in  T ab le  I  is e x cep 
t io n a l. T h is  child  d ied  o f ce reb ra l oedem a befo re  th e  collapse of m e tab o lism .

N o n p ro te in  n itro g en  w as e lev a ted : in a few  cases to  a h igh degree, in  m o st 
o f th e  cases m o d e ra te ly . E x c e p tio n a lly  i t  a t ta in e d  th e  urem ic level. B iliru b in  
c o n c e n tra t io n  ran g ed  fro m  11 to  36 m g p e r 100 m l, G P T  from  520 to  1520 u n its .

I n  T ab le  I I  cases th a t  h a d  recovered  fro m  a c u te  h e p a titis  are  p re se n te d . 
A ll th e s e  p a tie n ts  w ere unconscious for a lo n g er o r  sh o rte r  period  of tim e  (2 — 4 
d a y s) . T h ese  cases d id  n o t d iffe r from  th o se  in  th e  p rev io u s  group as re g a rd s  N a ,
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К , Cl an d  s ta n d a rd  b ica rb o n a te  v a lu es . O x id izab le  residue w as m o d e ra te ly  
e lev a ted  in cases 1 an d  2 an d  h a rd ly  e le v a te d  in  cases 3, 4 and  5, in d ic a tin g  th a t  
o x id a tio n  w as s ig n ifican tly  a ltered  o n ly  in  cases 1 an d  2. B iliru b in  a n d  G PT  
values w ere s im ila r to  th o se  found in th e  se ra  o f th e  cases p re sen ted  in  T ab le  I.

T ab le  I I I  c o n ta in s  cases in w hich  th e  b il ia ry  duc ts  were o b s tru c te d  b y  a 
tu m o u r or a g rea t n u m b e r  of gallstones. In  th is  g roup  th e  serum  so d iu m  con
c e n tra tio n  b eh av ed  like in th e  h e p a tit is  g ro u p , th e  p o tassium  level w as low 
in  case 2, in  th e  o th e r  cases it was n o rm a l. C h lo ride  co n cen tra tio n  w as v e ry  low 
in  case 5. S ta n d a rd  b ic a rb o n a te  was u su a lly  low% th e  acid rad ica l re s id u e  level 
w as, co rrespond ing ly , h igh . T he o x id izab le  re s id u e  w as defin ite ly  h ig h  th o u g h  
som e of th e  p a tie n ts , m a in ly  older ones, d ied  b efo re  th e  collapse o f m e tab o lism , 
due  to  co n d itions in d e p e n d e n t of th e  h e p a tic  lesion such as m y o d eg en era tio n , 
severe  a rterio sc lerosis , b ronch ia l a s th m a , g a s tr ic  an d  in te s tin a l h aem o rrh ag e , 
etc. N on p ro te in  n itro g en  w as no t excessively  e le v a te d  except in  case 2. T h e  se
ru m  b iliru b in  level ran g ed  from  12 to  44 m g p e r  100 m l. G PT w as s ig n if ican tly  
e lev a ted  in  case 1, in  th e  o th e r cases i t  h a rd ly  exceeded  th e  norm al level.

T ab le  IV  show s th e  resu lts  o f se ria l te s ts  c a rried  ou t in th e  se ru m  o f a 
15-year-o ld  boy . W h en  he w as a d m itte d  he h a d  a tw o-w eek h is to ry  o f  h e p a tit is ;  
ascites h ad  developed  early . On th e  f irs t  fo u r d ay s  th e  p a tie n t w as fu lly  con
scious; th e  serum  o x id izab le  residue w as s lig h tly  increased. O n th e  fo llow ing 
d ay  th e  p a tie n t w as unconscious an d  th e  o x id izab le  residue in c reased  to  h igh 
values. S ta n d a rd  b ic a rb o n a te , owing to  th e  c o n s ta n t drop infusion , rem ain ed  
no rm al u n til  d e a th .

T ab le  У show s th e  ty p ica l b lood  f in d in g s  in  com atose cases o f  d iffe ren t 
origin. These cases, ex cep t th e  h e p a ta rg ic  a n d  d ia b e tic  ones, have  a lre a d y  been 
pub lished  [5].

In  ou r firs t d iab e tic  case th e  se ru m  b ic a rb o n a te  value was d e fin ite ly  low 
an d  acid rad ica l res id u e  an d  ox id izab le  re s id u e  w ere h ighly  e le v a te d . I n  th e  
second d iab e tic  case th e  com a was asso c ia ted  w ith  th rom bosis of th e  lienal ve in  
an d  acu te  h aem o rrh ag ic  necrosis o f th e  p a n c re a s . T he p a tie n t h ad  been  u n co n 
scious for 36 h o u rs  b efo re  adm ission. B lood  su g a r  h ad  reached  in c re d ib ly  high 
va lues. T he s ta n d a rd  b ica rb o n a te  v a lu e , ow ing  to  th e  high so d iu m  a n d  low 
chloride level, w as h a rd ly  reduced  in sp ite  o f  th e  excessive o x id izab le  re sidue . 
R esp ira tio n  ra te  w as 20 p e r  m inu te  a t  th e  t im e  o f ta k in g  blood, re sp ira tio n  was 
n o t ac ido tic  in c h a ra c te r . T he urine  c o n ta in e d  m uch  sugar b u t  no  ace to n e . 
A ce to n u ria  developed  as la te  as 6 h ou rs a f te r  th e  b lood  sam ple h ad  b een  ta k e n . 
T he p a tie n t d ied  4 h o u rs  la te r .

In  a case o f ch ro n ic  n ep h ritis  th e re  w as sev ere  h y posalaem ia , se ru m  p o ta s 
sium  level rose to  a pa tho lo g ica l level, s ta n d a rd  b ica rb o n a te  w as low , th e  acid 
rad ica l residue , o x id izab le  residue an d  n o n p ro te in  n itro g en  values re a c h e d  high 
level. S im ilar va lues w ere o b ta in ed  in  cases w ith  h ep a to ren a l u re m ia , ex cep t 
th a t  th e  se rum  p o ta ss iu m  level was w ith in  th e  n o rm al range. In  co m ato se  cases
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T ab le  I
F ata l cases o f  hepatargic coma

Case
No. In itia ls

Age,
year Diagnosis

D ate of 
blood 

sam pling

Na К

m E q  per

l L . F . 23 A . h.* O ct. 19 140.0 4.3

2 S. G. 62 A . h. M ay 13 133.0 3.3

M ay 15 146.5 4.0

3 S. Gy. 8 A . h. Ja n . 21 140.0 4.0
Ja n . 22 137.0 3.7

Ja n . 23 140.0 3.9

4 B. J . 7 A . h. Dec. 12 a. m . 140.0 3.3

Dec. 12 p .  r a . — —

5 B. H . 56 A . h. M ay 28 141.5 4.5

6 Sz. F . 63 A . h. M arch 23 142.0 4.5
M arch 24 141.5 4.0

7 M. A. 65 A . h . M ay 28 134.0 4.5

M ay 29 131.0 3.7

M ay 30 137.0 3.4

Ju n e  1 145.0 4.0

Ju n e  2 145.0 4.4

8 D . F . 68 A . h. O ct. 29 148.0 4.3

O ct. 30 146.0 5.2

9 K . Gy. 36 A. h. O ct. 6 122.0 5.0

O ct. 7 126.0 5.6

10 S. J . 58 A . h. Feb. 10 145.0 3.3

Feb . 13 143.0 3.6

11 T . G. 68 A .h . M ay 31 138.5 3.6

b ro n ch ia l Ju n e  1 140.5 3.5

a s th m a Ju n e  2 135.0 4.1

12 S. P . 76 A . h . Ja n . 22 145.0 5.3

m yodegen-

e ra tio n

13 R . S. 6 A . h. Feb . 9 142.0 4.0

cereb ra l Feb . 13 136.0 5.1

o edem a

14 R . K . 60 A . h. A pr. 9 133.0 4.7

u ra em ia A pr. 10 136.0 5.1

A nr. 11 130.0 5.0

* A . h . =  acu te  h e p a ti t is
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w ith  acute hepatitis

Cl
Standard

bicarbonate
Acid

radical
residue

Oxidizable
residue

Nonprotein
N Bilirubin G PT

U nit
litre  serum mg/100 ml scrum

103 14.3 34 317 59 12 1520

87 25.0 31 207 117 — —

92 11.6 54 504 189 15 620

90 23.0 37 150 22 — —

90 27.2 31 222 30 — —

91 14.0 45 452 57 23 1520

97 24.0 29 258 31 — —

- - 405 45 11 1520

108 8.7 36 420 72 16 520

93 20.6 40 384 136 — —

92 16.0 44 500 180 13.6 1310

99 15.3 31 235 99 — —

97 16.4 28 227 102 — —

97 19.6 31 266 101 — —

95 24.0 37 298 123 — —
93 22.0 41 420 156 14 —

99 21.6 38 248 66 23.4 1310
100 15.0 43 508 121 18.6 -

86 20.5 27 250 66 — —

86 15.5 37 340 120 29.0 880

104 19.0 32 176 39 18 435
106 16.3 31 298 67 - —

105 16.7 27 170 92 — —

103 17.4 31 194 108 — —
100 9.9 36 323 135 36 510

101 26.7 29 227 43 18 1200

97 24.0 32 170 38 — —

101 22.0 25 171 43 29 1520

88 17.0 39 298 108 — —
91 17.5 39 344 190 — —

91 13.4 38 400 226 29 1200
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Table II

Recovered cases o f  hepatargic coma

Case
No Initiais Age Diagnosis

D ate of blood 
sampling

N a К

m E q per

î F . T. 5 m o n th s A. h. O ct. 10 132.5 5.6

O ct. 21 130.5 5.0

O ct. 30 — ■ —

2 H . A. 12 years A. h. Sep. 26 140.5 5.5

Sep. 30 133.0 4.2

3 Sz. L. A. h. A pr. 22 139.0 3.1

42 years A pr. 23 140.0 3.0

4 M. Y. 25 years A. h. Ja n . 6 142.0 2.8

Ja n . 11 141.0 3.4

5 L. F. 38 years A. h . Ju ly 14 140.0 4.0

Table III

F ata l cases o f  hepatargic coma

Case
No. Initials

Age,
year Diagnosis

D ate
sa

of blood 
mpling

Na К

m E q per

l H . J . 6 6 O b stru c tiv e Oct. 29 148.0 3.6

jau n d ic e

2 B. R. 74 O b s tru c tiv e Ju ly 6 148.0 4.2

jau n d ic e Ju ly 7 154.0 2.3

Ju ly 8 154.0 2.7

Ju ly 9 148.5 2.7

Ju ly 10 149.5 2.3

3 N . I. 56 O b stru c tiv e Dec. 30 143.0 3.9

jau n d ic e Dec. 31 139.0 4.3

4 P . I. 50 O b stru c tiv e Ju n e 25 134.0 3.5

jau n d ic e Ju n e 27 138.0 5.2

5 B.A. 61 O b stru c tiv e Ja n . 9 135.5 4.7

jau n d ic e
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w ith acute hepatitis

Cl
Standard

bicarbonate
Acid

radical
residue

Oxidizablc
residue

N onprotein
N Bilirubin G PT

U nit
litre  serum mg/100 ml serum

101 17.6 26 235 59 10.8 1520
101 18.6 23 195 32 — 230

— — 158 28 - 280

88 22.3 42 202 42 — —

92 22.0 31 130 44 10.9 1310

99 26.6 23 146 40 — —

99 23.3 28 154 38 18.0 1100

105 17.5 29 135 27 — —

101 23.0 27 121 27 11.5 1200

96 26.4 29 172 64 14.0 880

due to obstruction o f  b ilia ry  ducts

Cl Standard
bicarbonate

Acid
radical
residue

Oxidizablc
residue

N onprotein
N Bilirubin G PT

U nit
litre serum mg/100 ml serum

102 14.8 41 436 105 22 480

113 8.7 38 228 183
111 10.6 42 296 198 44 30
109 17.0 38 282 210 — —

103 16.0 39 226 226 — —

104 15.0 40 243 230 — —

105 7.8 41 407 92 — —

104 16.4 30 266 100 12 105

92 16.0 38 273 102 — —

97 11.2 42 318 154 32 —

81 10.0 56 522 85 16.5 105
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Table IV

Serum values in  the course o f  a fa ta l  case o f  hepatargic coma

In it ia ls Age
Diag-
nosis

D ate of 
blood 

sampling

N a К Cl

S tan d 
ard

bicar
bonate

Acid
radical
residue

Oxidiz
able

residue

Non
protein

N

Bili
rub in GPT

U nit

m E q per litre  serum mg/100 m l serum

в . B. 15 A. h. Feb. 3 132.0 4.3 1 0 0 23.4 2 0 134 35 — —

y e a r s Feb. 4 138.0 4.2 109 21.5 19 104 36 — —

Feb. 5 136.5 4.3 106 2 2 .2 2 0 138 17 — —

Feb. 9 141.5 4.8 106 23.2 24 183 52 — —

Feb. 10 142.5 4.8 107 21.5 25 218 59 — —

Feb. 11 142.5 5.9 103 2 0 .1 32 395 114 2 0 .8 340

S e ru m  p ro te in : 7.7%  
a lb u m in : 36.0%

^ - g lo b u l in :  3.0%  
a 2-g lobulin : 5.0%
/S-globulin: 4 .5%  
y -g lo b u lin : 51.5%

Table V

Typical seru m  values in  norm al and comatose subjects

D iagnosis
Na К Cl

Stand
ard

bicar
bonate

Acid
radical
residue

O xidiz
ab le

residue

Non
protein

N

Bili
rubin G PT

U nit
Blood
sugar

m E q  per litre serum mg/100 ml serum

H e a l th y 142.0 5.0 103 23.0 28 100 30 0.8
■

20 80

D ia b e te s  m ellitu s 137.0 4.7 99 15.0 ' 35 277 77 — — 309

153.0 4.3 100 18.0 46 555 122 — 1410

C h ro n ic  n e p h ritis 126.0 6.3 81 9.0 49 322 310 _ —

H e p a to re n a l —

u ra e m ia 130.0 5.0 91 13.4 38 400 226 29.0 1200 —

B a c te r ia l  toxicosis 147.0 4.3 106 15.0 38 278 118 — —

A c u te  h e p a t i t i s 140.0 3.9 91 14.0 45 452
57

23.0 1520 —

o f  b a c te r ia l  toxicosis an d  se p tic a e m ia  th e  levels o f  serum  sod ium , p o ta ss iu m  
a n d  c h lo r id e  showed no s ig n if ic a n t d ev ia tio n  fro m  n o rm al; acid ra d ic a l re s id u e  
a n d  o x id iz a b le  residue w ere h ig h ly , n o n p ro te in  n itro g en  s ligh tly  e le v a te d . In  
c o m a to s e  cases of acu te  h e p a t i t is ,  th o u g h  se ru m  sod ium  an d  p o ta s s iu m  w ere 
a b o u t  n o rm a l, th e  low v a lu e  o f  chloride cou ld  n o t  p re v e n t th e  b ic a rb o n a te  
c o n c e n tr a t io n  from  fa lling  in  th e  presence o f  th e  g rea t excess o f  o x id izab le  
re s id u e .
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D iscussion

T h e  a u th o rs  dealing  w ith  h e p a ta rg ic  co m a d istinguish  en d o g en o u s  and  
exogenous fo rm s, th e  fo rm er being  a sso c ia te d  w ith  acu te  h e p a tit is ,  th e  la t te r  
w ith  ch ro n ic  h e p a titis  co m plica ted  w ith  sp o n ta n e o u s  or a rtif ic ia l p o rto c a v a l 
an asto m o sis . In  th e  presence o f a p o r to c a v a l anastom osis th e  a m m o n ia  form ed 
in  th e  in te s tin e s  reaches th e  c ircu la tio n  w ith o u t  passing  the  liv er; i ts  q u a n ti ty  
la rge ly  depends on th e  q u a lity  o f th e  fo o d  a n d  th e  bacteria l f lo ra  o f  th e  in 
te s tin e s .

A ccord ing  to  fo rm er d escrip tions [1, 2 , 3] h ep a ta rg ic  com a is a cco m p an ied  
b y  h y p e ram m o n iaem ia , h y p o p o ta ssaem ia  a n d  ex trace llu lar a lk a lo sis . I n  com a 
th e  b lo o d  am m onia  co n cen tra tio n  is u su a lly  h ig h , b u t som etim es i t  is n o t  ele
v a te d  (S h e r l o c k  [1]). On th e  o th e r  h a n d , h yperam m oniaem ia  m a y  occur 
w ith o u t com a (Va n n a m e e  et al. [3 ]). A cco rd in g  to  Ca s e y ’s recen t in v e s tig a tio n s  
[6, 7] th e  low  p o tass iu m  levels in  th e  se ru m  a n d  in  th e  whole o rg an ism  a re  in  no 
re la tio n sh ip  w ith  th e  com a. As reg a rd s se ru m  p o tassium , we h a v e  con firm ed  
th is  v iew . Several au th o rs  (Ca s e y  [6, 7 ] ,  C h a l m e r s  [8]) found  in  com a an 
e lev a ted  p H, a lth o u g h  th is  som etim es w as un ch an g ed . T hey co n sid e red  the  
a lkalosis to  be of re sp ira to ry  origin an d  su g g ested  th a t  the  excess o f  am m o n ia  
excites th e  re sp ira to ry  cen tre  an d  th u s  in c rea se s  th e  C 0 2 loss; th is  is to  some 
e x te n t, h u t  n o t com ple te ly , co m p en sa ted  b y  a b ica rb o n a te  loss; c o n se q u e n tly  
th e  b lood  рн  sh ifts  to  th e  a lka line  d ire c tio n .

A ccord ing  to  T h ö l e n  and  B i g l e r  [ 4 ]  th e  d istu rbances in in te rm e d ia ry  
m etab o lism  are  s im ila r in h ep a ta rg ic  an d  u ra e m ic  com a. I t  has b een  k n o w n  for 
long th a t  in  th e  b lood o f p a tie n ts  w ith  h e p a ta rg ic  com a, lactic  a c id , b u ty r ic  
acid , m alic  acid , succinic acid an d  p y ru v ic  ac id  a tta in  excessive v a lu e s . H igh  
levels a re  show n by  ace to in  an d  2 ,3 -b u ty len eg ly co l, too , owing to  th e  in co m p le te  
o x id a tio n  o f  p y ru v ic  acid . T h ö l e n  an d  B i g l e r  a tt r ib u te  the  in su ffic ie n t o x id a 
tio n  in  th e  b ra in  an d  liver to  th e  d irec t v ira l  e ffect.

W h a t conclusion can  be d raw n  fro m  th e  p re se n t in v es tig a tio n s  ? T h e  so
d ium  a n d  ch lo ride v alues do n o t exceed  th o se  occurring  in c o n n ec tio n  w ith  
som e d iseases w hich do no t a ffec t consciousness, no r can th e  p o ta s s iu m  level 
a cco u n t fo r  th e  com a. T he s ta n d a rd  b ic a rb o n a te  value was in it ia lly  a t ,  or 
s lig h tly  below , th e  no rm al level an d  a s ig n if ic a n t decline was no t o b se rv e d  u n til 
th e  la te  p h ase  o f com a. H ow ever, severe  d is tu rb a n c e s  of consciousness m ay  
occur in  sp ite  o f th e  norm al b ic a rb o n a te  lev e l. T he acid rad ica l re s id u e  is 
u sua lly  h ig h , owing to  th e  accu m u la tio n  o f  o rg an ic  acids. C onsidering  th a t  th e  
so d ium /ch lo ride  ra tio  is an  im p o r ta n t f a c to r  in  th e  regulation  o f th e  s ta n d a rd  
b ic a rb o n a te  level, a close co rre la tio n  c a n n o t b e  ex p ec ted  to  exist b e tw e e n  s ta n d 
ard  b ic a rb o n a te  and  acid  rad ical residue .

In  th e  p resen t s tu d y  th e  b e h a v io u r  o f  th e  oxidizable re s id u e  w as of 
g re a te s t im p o rtan ce . I t  a tta in e d  3 to  5 t im e s  h igher levels th a n  th e  n o rm al
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v a lu e , lev e ls  seldom  o b se rv ab le  in  th e  course o f  o th e r  diseases, and  such  ex ces
sive lev e ls  occurred  n o t o n ly  in  cases of v ira l h e p a t i t is  b u t also in  o b s tru c tiv e  
ja u n d ic e  d u e  to  tu m o u r or g a llstones.

C ase  13 in  T ab le  I ,  a n d  cases 3, 4 a n d  5 in  T ab le  I I  were e x c e p tio n a l. 
Case 13 d ie d  of ce reb ra l o ed em a , in  th e  o th e r  th r e e  cases consciousness w as n o t  
d is tu rb e d  fo r  m ore th a n  2 to  4 days, th e n  th e  p a t ie n ts  recovered. In  th e se  cases 
th e  c o m a  m u s t have  b een  o f  o th e r  th a n  m e tab o lic  o rig in . Cases 1 an d  2 o f  T a b le  
I I  a lso  reco v e red ; here  a m o d e ra te  rise in  th e  o x id iz a b le  residue was soon fo llo w 
ed b y  a decline.

T h e  questio n  arose o f th e  cause of th e  h igh  ox id izab le  residue a n d  o f  th e  
s u b s ta n c e s  invo lved  in  i t .  A s m en tioned  a b o v e , accum ula tion  of som e w ell- 
k n o w n  ac id s  (lactic , p y ru v ic )  an d  nonacid  o rg a n ic  (2 ,3-buty leneglycol) s u b 
s ta n c e s  h a v e  been  o b se rv ed  b y  d ifferen t a u th o rs . I n  add ition , a n u m b e r  o f 
u n k n o w n  su b stan ces o x id izab le  w ith  p e rm a n g a n a te  can accu m u la te  in  th e  
se ru m . T h e  increased  o x id izab le  residue m a y  b e  d u e  to  an excess p ro d u c tio n , 
b u t  t h e  p o ss ib ility  of a d is tu rb e d  excre tion  sh o u ld  also be considered. I n  th e  
case o f  re n a l fa ilu re , re te n tio n  is a very  im p o r ta n t  fac to r. In  th e  case o f  h e p a -  
ta rg ic  co m a  n o n p ro te in  n itro g e n  follows th e  in c re a se  of th e  ox idizable re s id u e  
to  a le s se r  e x te n t; its  rise  is cau sed  firs t of a ll b y  in c rea sed  p ro te in  d e s tru c tio n .

T h e  ra tio  ox id izab le  re s id u e /n o n p ro te in  n itro g e n  is an in d ex  sh o w in g  
t h a t  in c re a se d  p ro d u c tio n  o r  im paired  ex c re tio n  o f  incom pletely  ox id ized  s u b 
s ta n c e s  is m ore p ro n o u n ced  in  certa in  h e p a to re n a l  condition , th e  ra t io  b e in g  
r e la t iv e ly  low  in h e p a to re n a l u raem ia .

I n  o u r opin ion , th e  h igh  oxidizable re s id u e  o f  th e  serum  in acu te  h e p a t i t is  
is d u e  to  an  increased  in co m p le te  o x ida tion . I n  th e  severe phase of h e p a ta rg ic  
co m a  w e face a com plete  fa ilu re  of o x ida tion  p ro cesses  due not to  a d ire c t v ira l 
a c t io n  b u t  to  th e  severe ly  im p a ire d  fu n c tio n  o f th e  liver.

I t  h as  been  m e n tio n e d  above th a t  in  th e  o p in io n  of some a u th o rs  h e p a 
ta rg ic  co m a m ostly  a sso c ia tes  w ith  re sp ira to ry  a lk a lo sis . The pC O , a n d  b ic a r 
b o n a te  va lu es  are re la tiv e ly  low , th e  рн  is e le v a te d . In  our cases a d ec lin e  of 
s ta n d a r d  b ic a rb o n a te  w as accom pan ied  b y  a c u m u la tio n  of organic ac id s , i.e . 
an  ex cess  o f ox id izab le  re s id u e . U n fo rtu n a te ly , th e  s ta n d a rd  b ic a rb o n a te  v a lu e  
does n o t  re liab ly  re flec t th e  d is tu rb an ce  of o x id a tio n . In  th e  case of h ig h  so d iu m  
a n d  lo w  chloride levels th e  s ta n d a rd  b ic a rb o n a te  m a y  rem ain  u n c h a n g e d  ev en  
if  o x id a tio n  p ro d u c ts  h a v e  accu m u la ted  in  th e  o rg an ism . T hus, if we w ish  to  be 
p ro p e r ly  in fo rm ed  on th e  o x id a tiv e  d is tu rb a n c e s , in  add ition  to  se ru m  so d iu m , 
p o ta s s iu m , ch loride an d  s ta n d a rd  b ic a rb o n a te , se ru m  рн  and p C 0 2 v a lu e s , w e 
sh o u ld  o b ta in  d a ta  co n cern in g  th e  q u a n t i ty  o f  ox idizable su b stan ces  in  th e  
b lo o d .
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THE PATHOMECHANISM OE FAT EMBOLISM
I. C O M PA R A TIV E Q U A N T IT A T IV E  STU D Y  O F H U M A N  A N D  E X P E R IM E N T A L

F A T  EM B O LISM

By

G y . S z a b ó , R.  J a n k o v i c s , Z s . M a g y a r , Á . S z a b ó  and K .  S z e p e s h a z y

NATION A L IN ST ITU TE OF TRAUMATOLOGY, BU D A PEST 

(R eceived  M arch 29 1967)

The p rev alen ce  of ex ten siv e  p u lm o n a ry  fa t  em bolism  e a r ly  a f te r  in ju ry  involving 
frac tu re  of long bones has been confirm ed  on th e  g rounds o f q u a n ti ta t iv e  histological 
s tud ies com prising  84 cases w ith  fa ta l in ju ry  and  77 w here  d e a th  h a d  been  due to  o ther 
causes. B y th e  en d  o f th e  f irs t  w eek th e  fa t  d ro p le ts  n ea rly  d isa p p e a re d  from  th e  lung.

The incidence  of p u lm o n a ry  fa t  em bolism  did n o t exceed  5 0 %  in  th e  cases where 
d e a th  had n o t been  re la te d  to  som e in ju ry , an d  th e  changes w ere re la tiv e ly  m ild. A sta te  
o f shock before d e a th  d id  n o t affec t th e  sev erity  o f em bolism . T h e  fin d in g  of cerebral 
an d  ren al em bolism  wras in v a riab ly  associated  w ith  th e  p resence  o f p u lm o n a ry  embolism  
w hich was, m o reover, m o stly  severe  in ch arac te r. In  th e  m a jo r i ty  o f th e se  cases, emboli 
w ere p resen t in  b o th  th e  b ra in  an d  th e  k idneys.

T he m in im um  le th a l dose of in tra v en o u s  trio le in  in  r a b b its  w as fo u n d  to am ount 
to  1.50 m l/kg , a n d  th e  L D 50 to  1.02 ±  0.0022 inl/kg. A fte r th e  in je c tio n  of a lethal dose 
th e  lungs are  p ack ed  w ith  fa t  d ro p le ts  an d  in n u m erab le  f a t  em b o li a re  found in the  
m icroscopic p re p a ra tio n s . C erebral fa t  em bolism  w as p ro d u ced  b y  0.1 m l/kg  of triolein 
in  66% , by  0.25 m l/kg  in  7 5% , b y  still h igher doses in  100%  o f th e  an im als . 0.1 m l/kg 
or m ore of trio le in  in v a riab ly  led to  ren a l em bolism . T he f in d in g s  a re  suggestive of 
exponen tia l co rre la tio n s ex is ting  betw een  th e  dose o f fa t  a n d  th e  n u m b e r of emboli 
d em onstrab le  in  cereb ra l o r re n a l tissue.

131I-labe lled  ra d io a c tiv e  trio le in  is rap id ly  c leared  fro m  th e  b lood  stream . 54 
to 75%  of th e  dose is ta k e n  up  by  th e  lung. T he a c t iv ity  o f th is  o rg a n  as a “ filte r” 
declines, and  th e  frac tio n  re leased  to  o th er o rgans increases in  p ro p o r tio n  to  th e  applied 
dose. T hough  th is  fu n c tio n  of th e  lu n g  is tak e n  over to  som e e x te n t  b y  th e  liver which 
has been found  to  re ta in  10%  of 1.0 m l/kg  131I-trio lc in , th e  r isk  o f sy s tem ic  embolism  
nevertheless s tro n g ly  increases, since th e  co rre la tio n  b e tw een  th e  m ag n itu d e  of th e  
dose and th e  a m o u n t escap ing  in to  th e  system ic  c ircu la tio n  a n d  p ro d u c in g  em boli in 
o th e r  organs, p a r tic u la r ly  in  th e  b ra in , is ex p o n en tia l r a th e r  th a n  lin ea r.

E v en  in  h u m a n  fa t  em bolism  of th e  severest degree th e  n u m b e r  o f  em boli de
m o nstrab le  in  th e  lu n g s scarce ly  a tta in s  one th ird  o f th a t  p ro d u c ed  b y  less th a n  one 
te n th  of th e  L D -0 in  th e  la b o ra to ry 'a n im a l. On th e  o th e r  h a n d , in  th e  p resence of cere
b ra l em bolism  th e  n u m b er o f p u lm o n a ry  em boli w as tw ice  t h a t  d e m o n s trab le  in its  
absence. In  e x p e rim e n ta l f a t  em bolism  a tw ofold  increase  in  p u lm o n a ry  fa t con ten t 
m ay  be assoc ia ted  w ith  a tw en ty fo ld  increase  in th e  a m o u n t o f em bolized  fa t in  the  
b ra in , suggesting  th a t  p u lm o n a ry  f a t  em bolism  need  n o t a p p e a r  all to o  severe to  be 
accom panied  by  e x ten siv e  cereb ra l fa t  em bolism .

Acta Medien Academiae Scientiarum Hungaricae Tomus 24 (4 ), pp. 299—313 (1967)

T hough m ore th a n  a c e n tu ry  has e lapsed  since th e  f i r s t  d escrip tion  of 
p u lm o n a ry  fa t em bolism  [24, 26], in  th e  ligh t of a recen t m o n o g rap h  [23] th ere  
s till seem s to  be m ore confusion  th a n  ag reem en t on th e  q u es tio n s  o f its  incidence, 
p a th o m ech an ism  an d  clin ica l significance. T he in creasin g  fre q u e n c y  of acci
d en ts  over the  last decades has le n t p a r tic u la r  in te re s t to  th e se  p rob lem s.

In  th e  firs t com p reh en siv e  review  on th e  su b je c t [19] i t  w as s ta te d  th a t 
p u lm o n a ry  fa t em bolism  m ay occur a fte r  an y  b o n y  in ju ry , a s ta te m e n t fully
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b o rn e  o u t  b y  subsequen t e v id e n c e . I t  has been c o n firm ed  on  th e  g rounds of 
m a n y  th o u sa n d s  of cases th a t  f a t  d ro p le ts  o b s tru c tin g  th e  p u lm o n a ry  cap illa ries 
a re  p re s e n t  in  80 to  100%  o f t h e  le th a l  in juries, p a r t ic u la r ly  w here  fra c tu re s  of 
long  b o n e s  are  involved [5, 22 , 14, 16]. The opinions on th e  clin ica l sign ificance 
o f  th is  f in d in g  are, how ever, w id e ly  d iv ided . W hile c e r ta in  in v e s tig a to rs  reg a rd  
p u lm o n a ry  fa t  em bolism  as t h e  m a in  cause of d e a th  [5, 6 ], o th e rs  d en y  its  
s ig n if ican ce  an d  incrim ina te  sy s te m ic , m ore precisely , c e re b ra l fa t  em bolism  fo r 
th e  le th a l  outcom e [1, 32]. T h is  la t t e r  claim  is su p p o rte d  b y  th e  fin d in g  th a t  
ev en  in  th e  cases of p u lm o n a ry  f a t  em bolism  graded  a t  a u to p s y  as v e ry  severe, 
o b s tru c tio n  was confined to  a  sm a ll p ro p o rtio n  of th e  cap illa rie s . M oreover, th e  
c lin ic a l m an ifesta tio n s of f a t  em b o lism  are d ifferen t fro m  th o se  of m assive p u l
m o n a ry  em bolism  [23]. F in a lly  i t  req u ires  in jections o f la rg e  am o u n ts  o f n e u tra l 
fa t ,  i.e. 1.0 to  2 m l/kg to  p ro d u c e  le th a l fa t  em bolism  in  th e  la b o ra to ry  an im al 
[12, 4 , 11, 15, 20, 10], in  fa c t f a r  m ore  th a n  i t  has ev e r b e e n  possib le  to  e x tra c t 
fro m  th e  h u m an  lung w hich  o n  m icroscopic evidence w as th e  m ain  s ite  o f fa t  
em b o lism .

T h e  ch ie f d ifficu lty  in  a p p re c ia tin g  th e  sign ificance o f  fa t  em bolism  lies 
in  th e  la c k  of q u a n tita tiv e  d a ta  t h a t  m ig h t be co n fro n ted  w ith  th e  ex p erim en ta l 
f in d in g s . T h e  com p ara tiv e  s tu d ie s  h a v e  been  based  th u s  f a r  on th e  a m o u n t of 
f a t  e x tra c ta b le  from  th e  lu n g , a n  evidence open to  m is in te rp re ta tio n s  since th e  
re s u lts  a re  considered in  re la t io n  to  th e  m ean  values d e riv ed  from  “ n o rm a l” 
lu n g s  [5, 13, 1, 3], an d  th e  f a t  c o n te n t o f th e  em boli is c a lc u la ted  from  th e  
d iffe ren ces  th u s  ob ta ined .

T h e  significance of f a t  em b o lism  has p ro m p ted  us to  ex am in e  th e  question  
co m p reh en siv e ly  in all its  a sp e c ts . T h e  p resen t s tu d y  h as  b een  concerned  w ith  
th e  fo llow ing  issues. (J) Q u a n t i ta t iv e  ev a lua tion  o f th e  se v e rity  of p u lm o n a ry  
a n d  sy s te m ic  fa t  em bolism  in  p a t ie n ts  dying a fte r an  in ju ry  a n d  in  n o n -tra u m a - 
t ic  cases . (2) Q u a n tita tiv e  e v a lu a tio n  of th e  a m o u n t o f f a t  req u ired  fo r th e  
p ro d u c tio n  of le tha l f a t  em b o lism  in  lab o ra to ry  a n im a ls . (3) Q u a n tita tiv e  
m ic ro sco p ic  s tu d y  of fa t  em b o lism  in lab o ra to ry  an im als  in  re la tio n  to  th e  
a m o u n t  o f  fa t  in tro d u ced  in to  th e  c ircu la tion . (4 ) S tu d y  o f  th e  d is tr ib u tio n  of 
th e  in je c te d  fa t  in th e  in d iv id u a l  o rgans. (5) C o n fro n ta tio n  o f th e  re su lts  ob
ta in e d  fro m  studies on h u m a n  a n d  experim en ta l fa t  em bolism .

M ethods

F o r  th e  q u a n tita tiv e  s tu d y  o f  th e  em boli d em onstrab le  in  th e  lungs an d  in  th e  b ra in  
th e  m e th o d  described by  Gba n t  a n d  R e e v e  [8] was ad o p ted  w ith  s lig h t m od ifications. F rozen  
sè c tio n s  o f  15 /t th ickness w ere s ta in e d  w ith  S udan  I I I  and  th e  in tra c a p illa ry  f a t  d ro p le ts  were 
c o u n te d  in  20 v isual fields u n d e r  1 : 80 m agn ifica tion . L ip id  seen in  th e  a lveo li o r u n m is ta k a b ly  
o u ts id e  th e  capillaries w as d is re g a rd e d . To o b ta in  th e  n u m b e r  o f em boli p e r m m 3, th e ir 
a v e ra g e  n u m b e r per field  w as m u lt ip lie d  b y  60. F rom  each  o rg a n  sev era l specim ens were 
e x c ise d  a n d  sections were p u t f ro m  each . Since, how ever, on th e  ev idence  of th e  lite ra tu re  
[1 , 9 , 23] a n d  of our own o b se rv a tio n s  th e  f a t  d rop lets sp read  e v en ly  o v e r th e  a ffec ted  tissue  in
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h u m a n  as well as in  ex p erim en ta l f a t  em bo lism , th e  sam e slide was u sed  fo r  o b ta in in g  th e  
co u n ts  in  all the  tw e n ty  v isual fields. S ince in  o u r  experience fa t em boli in  th e  k id n ey  were 
u su a lly  confined to  th e  g lom eru lar cap illa rie s , we d e te rm in ed  th e  n u m b er o f f a t  d ro p le ts  in  20 
g lom eru li o f each organ . T he m ax im u m  n u m b e r o f d ro p le ts  iden tifiab le  b y  th is  te c h n iq u e  was 
200 p e r m icroscopic fie ld  o r 25 per g lom eru le . B ey o n d  th is  lim it co u n tin g  w as m a d e  im possible 
b y  th e  confluence of th e  drop lets.

E x p erim en ta l f a t  em bolism  w as in d u ce d  in  ra b b its  o f 2 to  3.5 kg  b o d y  w e ig h t by  in 
je c t io n  of 0.25 to 1.5 m l/kg of trio le in  in to  th e  a u ric u la r  vein, in d iv id u a l g ro u p s  o f  s ix  anim als 
rece iv ing  th e  sam e dose were se t up . T h o se  h a v in g  been  given m assive  doses d ied  in  a few 
h o u rs , th e  an im als a live  a t  th e  end of th e  f ir s t  24 h r . w ere considered su rv iv o rs . T hese  were 
k illed  b y  an  overdose o f th e  a n ae s th e tic  a t  th e  e n d  of 24 hr.

O th e r groups consisting  of six an im a ls  each  w ere  g iven  30 fiC 131l- tr io le in  in  in tra v en o u s  
doses ran g in g  from  0.1 to  1.0 m l/kg b o d y -w e ig h t. T hese  anim als w ere k illed  2 h r . a f te r  the  
in je c tio n , th e  in d iv id u a l o rgans w ere w eighed  a n d , a f te r  ob ta in in g  spec im ens fo r  m icroscopic 
s tu d y , t re a te d  w ith  20%  N aO H  an d  sc a n n ed  in  a w e ll-type  sc in tilla tio n  d e te c to r  fo r ac tiv ity . 
T issu e  ra d io a c tiv ity  w as th u s  m easu red  in  th e  lu n g , b ra in , k idney , liver, sp leen , g a s tro in te s ti
n a l t r a c t ,  th y ro id  g lan d , m uscle an d  sk in , in  th e  b lood to ta l  and  n o n -lip id -b o u n d  activ ities 
w ere also d e te rm in ed . T he a m o u n t o f ra d io a c tiv e  trio le in  p resen t in th e  in d iv id u a l organs 
w as expressed  as p e r cen t o f th e  a d m in is te re d  dose a n d  as /Л trio le in  p e r  g w e t tis su e . In  the  
sam e an im als th e  n u m b er of em boli p e r  u n i t  o f  tis su e  vo lum e was d e te rm in e d  in  th e  lungs, 
b ra in  an d  k idney . T h e  re su lts  to  be d iscussed  w ere th u s  based on o b se rv a tio n s  m ad e  on 66 
an im als .

R esu lts

1. Incidence and severity o f pu lm onary and systemic fa t embolism in human
autopsy material

T he p o st-m o rtem  m ate ria l in c lu d ed  161 cases, 84 h av in g  d ied  a f te r  in ju ry  
a n d  77 w here d e a th  h ad  been u n re la te d  to  tra u m a . T he cases w ith  in ju ry  were 
su b d iv id ed  accord ing  to  w h e th e r long  b ones h ad  or had  n o t b een  a ffec ted  and  
w h e th e r d ea th  h a d  occurred  in  o r  a f te r  th e  f irs t week. T his l a t t e r  subd iv ision  
w as p ro m p ted  b y  th e  find ing  th a t  f a t  em boli are  dem o n strab le  in  th e  lu n g  only 
fo r  a w eek a fte r  in ju ry  or a fte r  th e  in tra v e n o u s  in tro d u c tio n  o f f a t  [23]. The 
cases w here d e a th  h ad  been u n re la te d  to  in ju ry  w ere su b d iv id e d  accord ing  
to  w h e th e r  d e a th  h a d  been p reced ed  b y  shock  (e.g. in consequence  o f  m y o car
d ia l in fa rc tio n , p u lm o n a ry  em bo lism , sep ticaem ia , etc.) or b y  c h ro n ic  disease. 
T h is  subd iv ision  w as suggested  b y  th e  ro le  a t tr ib u te d  by  c e r ta in  in v es tig a to rs  
to  shock in th e  p ro d u c tio n  of f a t  em bo lism  [7, 13, 25].

P u lm o n a ry  fa t  em bolism  w as d e m o n s tra b le  in  all of th e  39 cases w here  the  
p a t ie n t  died in th e  f irs t week a f te r  bone  f ra c tu re . In  these  cases th e  n u m b e r of 
em boli was 1038 ^  256 p er m m 3. I n  th e  su b je c ts  w here a fte r  a s im ila r  ty p e  of 
in ju ry  d e a th  h ad  occurred  a f te r  th e  f ir s t  w eek, th e  n u m b e r o f  em boli was 
62 i  1.5 p er m m 3 an d  in 4 o u t o f 32 cases th e  lungs were free fro m  a n y  evidence 
o f  f a t  em bolism . T h e  n u m b er o f em bo li w as 284 ^  232 p er m m 3 in th e  su b jec ts  
w ho succum bed in  th e  f irs t w eek to  an  in ju ry  n o t involv ing  a f r a c tu re  o f a long 
b o n e . In  th e  22 n o n -tra u m a tic  cases an d  w ith  te rm in a l shock  th e  p u lm o n a ry  
f a t  em boli n u m b ered  16 ^  4.7 p e r  m m 3, in  tho se  55 h av in g  d ie d  o f  chronic 
d isease , 29 i  2.6 p e r  m m 3; th e  d ifference  w as no t sign ifican t s ta tis tic a lly . 
S ystem ic  em bolism  w as confined to  th e  in ju rie s  associated  w ith  f ra c tu re  and
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Table I

E m b o lu s  counts in  1 m m 3 o f  tissu e
In  first week A fter first week

N o. Lung Brain K idney No. Lung Brain K idney

In ju r y  w ith  fracture M 3 9 1038 12 .5 8 .0 32 62 4 .0 1 .5
o f  io n g  bones s „ 256 6 .8 7 .7 1.5 2 .7 1 .2

I n ju r y  w ith  no fracture M 9 284 0 0 4 0 0 0
S „ 232 0 0 0 0 0

D e a th  u n re la te d  to M 2 2 1 6 * 0 0 55 2 9 * * 0 0
in ju ry S n 4.7 0 0 2 .6 0 0

* =  D ea th  from  shock  
** =  D ea th  from  c h ro n ic  d isease  
M  =  m ean

c a u s in g  d e a th  w ith in  th e  f i r s t  w eek , the  n u m b er o f c e re b ra l em boli being 12. 5 ±
6.8  p e r  m m 3 and  th a t  o f  r e n a l  em boli, 8.0 ^  7.7 p e r  20 g lom eruli (Table I).

A n a ly sis  of our d a ta  w a s  b ased  on th e  c la ss ific a tio n  of R o b b -Sm it h  [17]  
m o d if ie d  b y  A r m in  an d  G r a n t  [1 ];  accordingly  w e a d o p te d  th e  follow ing g ra 
d a t io n :

1. M ild :  less th a n  one em b o lu s per v isual f ie ld , i.e. less th a n  60 p e r m m :i.
2 . Moderate: 1 to  3 e m b o li p e r one field , i.e. 60 to  180 p er m m 3.
3 . Severe : m ore th a n  3 em b o li per v isual f ie ld , i.e. m ore  th a n  180 p e r m m 3.
T h is  was su p p lem en ted  b y  a fo u rth  g roup  w ith  o v er 30 em boli p e r v isu a l

f ie ld , i.e. over 1800 p e r  m m 3, th is  hav ing  been  th e  low est n u m b er o f em boli 
p ro d u c e d  in  the  p re sen t e x p e r im e n t by  th e  sm a lle s t dose of lipid, 0.1 m l/kg .

B y  these  s ta n d a rd s  in  t h e  group w here in ju ry  in v o lv in g  frac tu res  o f long  
b o n e s  h a d  been le th a l in  th e  f i r s t  week, p u lm o n a ry  em bolism  was “ sev ere”  in  
30 c a se s  (78% ) and  in  9 (2 2 % ) th e  n u m b er o f  em b o li per m m 3 w as m ore  
t h a n  1800. In  those h a v in g  su rv iv e d  sim ilar in ju r ie s  b ey o n d  th e  f irs t  w eek , 
f a t  em b o lism  was “ sev ere”  (1 8 0  p er m m 3) in  one sing le  case, “ m ild”  or “ m o d 
e r a te ”  in  27 (84% ), a n d  th e r e  w as no sign o f  em b o lism  in 4 cases. In  67%  
o f  th e  su b je c ts  su ccu m b in g  to  an  in ju ry  w ith o u t f ra c tu re  fa t  em bolism  wras 
“ m ild ”  o r  “ m o d era te” , a n d  in  33%  it  w as “ se v e re ” . In  50%  o f th e  cases 
w h e re  d e a th  was u n re la te d  to  in ju ry  b u t h a d  b een  p reced ed  b y  shock, no  fa t  
e m b o lism  was d e m o n s tra b le , in  th e  o ther 5 0 %  i t  w as “ m ild ” . In  29 (53% ) 
o u t  o f  55 cases where d e a th  h a d  been the  consequence  o f  chronic d isease, e m 
b o lism  w as “ m ild” , in  4 (7 .3 % )  i t  was “ m o d e ra te ”  a n d  in 3 (5.4 % ; i.e. tw o  
cases  o f  m alignancy  a n d  o n e  o f  su b acu te  b a c te r ia l en d o ca rd itis )  it  was “ sev e re”  
(T a b le  I I ) .

I n  13, i.e. one th ird  o f t h e  cases w here in ju ry  in v o lv in g  frac tu res  h a d  been  
le th a l  in  th e  first w eek, e m b o li w ere p resen t in  th e  b ra in . A  ce rta in  re la tio n sh ip  
w as d em o n strab le  b e tw een  th e  severity  of p u lm o n a ry  em bolism  and  invo lve-
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Table II

In ju r y

W ith fracture W ithout fracture

Em b/m m 3
In first week A fter first 

week
In  first 

week
A fter first 

week

Total

0 0 4 l 4 9
< 6 0 4 16 3 0 23

60 — 180 5 11 2 0 18
> 1 8 0 30 1 3 0 34

> 1 8 0 0 9 - — — —

T o ta l 39 32 9 4 CO

N o in ju ry

Emb/mm3 Shock Chronic
disease

Total

0 и 29 40
< 6 0 и 19 1 30

6 0 -1 8 0 0 4 4
> 1 8 0 0 3 3

T otal 22 55 77

m e n t o f th e  b ra in . In  th e  13 cases w ith  ev idence  of cerebral fa t  em b o lism  th e  
n u m b e r of p u lm o n a ry  em boli w as 1525 ^  525 p e r  m m 3 as a g a in s t 795 i  191 
p e r  m m 3 in  th e  26 cases w here no ce re b ra l em bolism  w as d e te c ta b le . T h e  d if
ference b e tw een  th e  tw o groups w as on th e  b o rd e rlin e  o f sign ificance (p ~  5 % ). 
In  th e  group  o f 32 su b jec ts  h a v in g  su rv iv e d  th e  in ju ry  b y  m ore th a n  one w eek , 
ce reb ra l em bolism  w as found  in  4 cases. R e n a l f a t  em bolism  w as d e m o n s tra b le  
in  4 2 %  (17 cases) o f tho se  h av in g  d ied  im m e d ia te ly  a f te r  in ju ry  a sso c ia te d  w ith  
fra c tu re , b u t  in  no  m ore th a n  4 o f  th o se  h a v in g  su rv iv ed  th e  f ir s t  w eek . P u l
m o n a ry  em boli n u m b ered  1569 i  511 p e r  m m 3 in  th e  p resence  o f  re n a l f a t  
em bolism  as a g a in s t 616 i  113 p e r  m l in  its  absence , th e  difference b e in g  sign if
ic a n t  (p <  5 % ). In  13 of a to ta l  o f  17 cases w ith  cereb ral em bolism  th e  k id n e y  
w as also a ffec ted , d issem ination  w as th u s  t r u ly  system ic  in c h a ra c te r .

2. Dose o f  triolein producing lethal fa t  embolism in rabbit

T itra tio n  o f th e  doses w as c a rr ie d  o u t  in  g roups o f six an im als. T h e  low est 
do se  o f trio le in  le th a l to  a fra c tio n  o f th e  an im als  (1 o u t o f 6) w as 0.75 m l/kg . 
T h e  m in im um  le th a l dose to  100%  o f th e  an im als  (DLM ) w as 1.50 m l/kg
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(F ig . 1). L D 50 w as d e ter m in ed  b y  th e  m eth od  o f  B e h r e n d  and K ä r b e n  and its  
sta n d a rd  d ev ia tio n  b y  th a t  o f  v a n  d e r  W a e r d e n . O n th ese  grounds th e  in tr a 
v en o u s  L D 50 in  th e  ra b b it w as 1.02 i  0 .022  m l/k g .

Fig. 1. M o rta lity  o f r a b b its  in d u ced  by  in tra v e n o u s  in je c tio n  of trio le in . A bscissa: n u m b e r  
o f d e a th s  (in  g ro u p  of six anim als). O rd in a te : dose of trio le in

3. Quantitative histologic study in  experimental fa t  embolism

E a c h  dose o f tr io le in  ran g in g  from  0.1 to  1.5 m l/kg  w as a d m in is te red  in 
tra v e n o u s ly  to  tw o  g ro u p s o f six  an im als each ; th o se  o f th e  f irs t w ere k illed  2 h rs 
a n d  th e  su rv iv o rs  o f  th e  second g roup , 24 h rs  a f te r  th e  in jec tio n . T h e  tw o  
g ro u p s rev ea led  no  e sse n tia l d ifference in  re sp e c t to  th e  n u m b er o f em boli. 
I t  w as observed  t h a t  th e  low est p o te n tia lly  le th a l dose of trio le in , i.e. 0.75 
m l/k g , b u t  even a sm a lle r  dose (0.5 m l/kg) p ro d u c e d  in  th e  lungs in n u m erab le  
f a t  em bo li exceeding 200 p e r  m icroscopic fie ld  or 12 000 p er m m 3 of p u lm o n a ry  
tis su e . E v e n  0.1 m l/k g  o f tr io le in  w hich  w as th e  low est dose used  in  th is  
s tu d y  p ro d u ced  an  av e rag e  of 3673 i  778 em boli p e r m m 3 in th e  lu n g , i.e. 
m ore  th a n  th re e  tim e s  t h a t  found  in  cases o f  h u m a n  bone fra c tu re  w ith  ea rly  
le th a l i ty  (F ig. 2).

T h e  doses u sed  in  th e  p re se n t s tu d y  w ere la rg e  enough  to  p roduce  sy stem ic  
f a t  em bolism . 0.1 m l/k g  o f tr io le in , i.e. th e  lo w est dose, p roduced  ce reb ra l fa t  
em bo lism  in  4 o u t o f 6 cases; 0.25 m l/kg  in  9 o u t o f  12; an d  s till h ig h er doses in  
a ll o f  th e  an im als. O n th e  ev idence o f  q u a n t i ta t iv e  ev a lu a tio n , th e  co rre la tio n s  
b e tw e e n  th e  m a g n itu d e  o f th e  doses an d  th e  n u m b e r  o f em boli te n d e d  to  be  ex 
p o n e n tia l  ra th e r  th a n  lin e a r  (F ig . 3). T h u s , fo r  in s ta n c e , th e  n u m b er o f  em boli 
p ro d u c e d  b y  0.1 m l/k g  o f  tr io le in  w as 6 ^  2.4  p e r  m m 3, w hereas th a t  p ro d u c e d  
b y  1.0 m l/kg  w as as h ig h  as 284 ^  55 p e r  m m 3.

R en a l em boli w ere  d em o n strab le  in  all o f  th e  an im als w h ichever dose h a d  
b een  ap p lied . T he n u m b e r  o f  d ro p le ts  o ccu p y in g  th e  g lom eru lar cap illa ries w as
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found  to  increase p a ra lle l w ith  the  dose (F ig . 4). E v a lu a tio n  w as, h o w ev e r, m ade 
u n re liab le  b y  th e  c ircu m stan ce  th a t  o v e r  a dose o f 0.5 m l/kg th e  f a t  d ro p le ts  
a p p e a r in fa r  too  m assiv e  num bers in  th e  g lo m eru la r  capillaries to  be c o u n te d , 
in fa c t, over a n u m b e r  o f 25 per g lo m eru le  th e y  are no longer in d iv id u a lly  
d iscern ib le . E v idence  o b ta in e d  by  m ean s o f  th e  low est doses show ed c lea rly  an

103Emb/mm3

Fig. 2. N u m b e r of p u lm o n a ry  em boli in  ra b b its  a f te r  in tra v en o u s  in jec tion  o f tr io le in . C o n tin 
uous line : an im als k illed  tw o  hr. after in je c tio n . In te r ru p te d  line: an im als k illed  24 hr. 

a f te r  in jec tio n . A bscissa: num ber o f  em b o li. O rd in a te : dose of tr io le in

Emb/mm3 Emb/20 glomer

Fig. 3. N u m b er o f ce re b ra l f a t  emboli. 
(L egend as in  F ig . 2)

F ig . 4. N um ber of ren al f a t  em bo li. 
(Legend as in  F ig . 2)
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e x p o n e n tia l  co rre la tion  b e tw e e n  th e  dose an d  th e  n u m b e r  of em boli. W h e n  th e  
dose  w a s  in creased  a t  a ra tio  o f  1 : 2.5 : 5, th e  n u m b e r  o f em boli rose a t  a r a t io  
o f  1 : 6 : 30.

4. A m o u n t o f fa t  demonstrable in the ind ividual organs in experimental
fa t embolism

131I- tr io le in  in jec ted  in tra v e n o u s ly  d is a p p e a re d  from  th e  blood w ith in  2 
h r . A f te r  th e  a d m in is tra tio n  o f  0.1 to  0.5 m l/k g  o f  tr io le in , m ean a c t iv i ty  in  
b lo o d  w a s  50 im p/m in /m l. T h is , if  th e  vo lum e o f  c irc u la tin g  blood is a ssu m e d  to

pl/g
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F ig . 5. R a d io a c tiv e  lip id  c o n te n t o f th e  lungs a fte r  in tra v e n o u s  ad m in istra tio n  o f 131I- tr io le in ,  
e x p re ss e d  in  p e r cen t of th e  dose, a n d  fil pe r g w et lu n g  w e ig h t. O rd ina te : in tra v e n o u s  d o se  of

131I-trio le in , in  m l p e r  k g

b e  a ro u n d  200 m l, a m o u n te d  to  a p p ro x im a te ly  10 000 im p/m in , in  o th e r  w 'ords, 
less t h a n  1%  was left of th e  ad m in is te red  1.3 to  1.5 m illion  im p/m in. T w o h o u rs  
a f te r  th e  a d m in is tra tio n  o f 1.0 m l/kg w ith  an  a c t iv i ty  of 2.34 m illion im p /m in , 
th e  a c t iv i ty  d e tec tab le  in  b lo o d  was 168 (118 to  370) im p/m in/m l, i.e. a p p ro x i
m a te ly  34 000 im p/m in  in  th e  c ircu la tin g  v o lu m e  o f  b lood, in  o th e r w o rd s , th e  
o r ig in a l a c t iv i ty  h a d  fa llen  to  a p p ro x im a te ly  1 .5 %  b y  th e  end of 2 h r . T h e  
c o n c e n tra t io n  o f inorgan ic  io d in e  in  th e  131I - tr io le in  w as less th a n  1%  a n d  th e r e  
w as  p ro b a b ly  no sig n ifican t re lease  of iodine f ro m  th e  labelled  oil in  th e  o rg a n 
ism . N o  iod ine  h ad  been  a d m in is te re d  for th e  s a tu ra t io n  of th e  th y ro id  g la n d s , 
n e v e r th e le s s  th y ro id  a c t iv i ty  2 hours a fte r  th e  a d m in is tra tio n  of 0 .10, 0.25 a n d  
0 .50  m l/k g  of 131I-tr io le in  w as 99 i  24, 142 ^  39 an d  198 ^  101 im p /m in /g , 
re sp e c tiv e ly . W hen  1.0 m l/k g  h a d  been  given , th y r o id  a c tiv ity  a m o u n te d  to  543 
^  204  im p /m in /g . Specific a c t iv i ty  was low er in  th e  th y ro id  gland th a n  in  th e  
l iv e r  o r  in  th e  spleen in d ic a tin g  th a t  a sm all f r a c t io n  of th e  in tro d u c e d  131I - t r i -  
o le in  h a d  only  been ta k e n  u p  b y  th e  th y ro id  g la n d  w eighing 1 to  2 g . E v e n
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Í  ig. 6 . A m ount of labelled lipid in individual organs after intravenous adm inistration of
131I-tr io le in

th e se  values m ay  h av e  been accoun ted  for b y  th e  lip id -b o u n d  a c t iv i ty  o f  th e  
fa t  em boli p re se n t in  th e  th y ro id  ra th e r  th a n  b y  th e  a c tiv ity  of in o rg an ic  131I.

The m ost s ig n ifican t frac tio n  o f in tro d u c e d  131I-trio le in  w as reco v ered  
from  th e  lung  (F ig . 5). W hen  th e  dose o f 0 .1  m l/kg  trio le in  was in c re a se d  to
1.0 m l/kg , th e  fra c tio n  of th e  to ta l dose ta k e n  u p  b y  th e  lung  d ec rea sed  from  
75.5 i  3.0 to  53.8 ^  5 .3 % , in d ica tin g  th a t  p u lm o n a ry  u p ta k e  d id  n o t  increase  
in p ro p o rtio n  to  th e  dose. T he am o u n t of tra p p e d  fa t p er u n it w e ig h t o f  p u l
m o n a ry  tissue increased  in  lo g arithm ic  r a th e r  th a n  in lin ear re la tio n  to  th e  
ad m in is te red  dose. F ro m  0.1 m l/kg of tr io le in , 8.9 ^ 2 .9  /Д p e r g lu n g  tissu e  
w as recovered , from  1.0 m l/kg  only  five tim es  t h a t  a m o u n t, i.e. 49.2 ^  7 jitl/g.

T he p rogressive ineffic iency  o f th e  lung  as a f i l te r  allow ed a m a jo r  fra c tio n  
o f th e  in jec ted  trio le in  to  escape in to  th e  sy s tem ic  c ircu la tion  an d  to  b e  ta k e n  
up  b y  o th e r o rgans. T h u s , 0.37 ^  0 .05%  o f 0.1 m l/kg an d  1.23 ^  0 .3 8 %  of
1.0 m l/kg  labelled  trio le in  w ere recovered  fro m  th e  k idney , 0.82 ^  0 .1 6 %  of
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0.1 m l/k g , and  10.4 ^  4 .1 %  o f 1.0 m l/kg fro m  th e  liver; 0.79 f :  0 .22%  o f 0.1 
m l/k g , a n d  3.04 ^  0 .95%  o f 1.0  m l/kg from  th e  a lim e n ta ry  t r a c t .  I t  is o f h igh  
c lin ic a l in te re s t  th a t  s im ila r co rre la tio n s a p p ly  to  th e  b ra in , 0.025 ^  0 .0 0 9 %  of 
th e  0 .1  m l/kg  dose an d  0 .2 5 6 ^ 0 .121% of th e  1.0 m l/k g  one hav ing  been  re c o v e r
ed  f ro m  th is  organ. I n  acco rd an ce  w ith  th e se  f ig u re s  a ten fo ld  increase  o f  th e  
d o se  re s u lte d  in a h u n d re d fo ld  increase of lab e lled  f a t  in  th e  b ra in , n a m e ly  from  
0 .0 0 7 7  p \  p e r g to  0.78 fx\ p e r  g (F ig . 5). T he h ig h e s t p ro p o rtio n  of ra d io a c tiv e  
f a t  p e r  u n i t  tissue w eig h t h a s  been  found in  th e  lu n g , n e x t in  o rd e r w ere th e  
k id n e y , th e  liver an d  th e  sp leen . T he ra tio  w as low er in  th e  a lim e n ta ry  t r a c t ,  
fo llo w e d  in  o rder of reg ress io n  b y  sk in  an d  m u sc le  tissue . D is tr ib u tio n  o f th e  
in je c te d  131I-trio le in  in  th e  in d iv id u a l o rgans is show n in T able I I I .  I t  c an  be 
se e n  t h a t  ap p ro x im ate ly  8 0 %  o f th e  in jec ted  dose h as  been recovered  fro m  th e  
t is s u e s . T h e  find ing  of m ass iv e  am oun ts of la b e lle d  lip id  in th e  liv er exceed ing  
1 0 %  o f  th e  dose w hen 1.0 m l/k g  h ad  been a d m in is te re d , in d ica ted  t h a t  w hen  
th e  f i l te r in g  function  o f  th e  lu n g  is no longer e ffic ien t, it  is ta k e n  over to  som e 
e x te n t  b y  th e  liver.

Table III

T is s u e  re co ver ie s  a f t e r  in je c t io n s  o f  v a r io u s  a m o u n ts  o f  13lI - t r io le in  
(p e r  c en t o f a d m in is te red  dose)

0.1 ml/kg 0.25 ml/kg 0.5 ml/kg 1.0 ml/kg

% s„ % Sn % Sn o,. о Sn

L u n g 75.00 3.00 74.90 8.50 68.20 6.90 53.80 5.30

L iv e r 0.82 0.16 1.88 0.97 5.15 1.82 10.42 4.14

K id n e y 0.37 0.05 0.51 0.18 0.98 0.23 1.34 0.23

G a s tro in te s tin a l

t r a c t 0.79 0.22 1.13 0.14 1.71 0.43 3.04 0.95

S k in 1.53 0.57 1.35 0.18 1.40 0.29 1.72 0.71

M uscle 1.98 0.51 2.51 0.77 3.13 0.56 3.28 0.51

B ra in 0.025 0.009 0.050 0.014 0.078 0.060 0.256 0.121

B lo o d < 1 .0 < 1 .0 ~ 1 . 0
S p leen < 0 .1 < 0 .1 < 0 .1 < 0 .1

T h y ro id < 0 .1 < 0 .1 < 0 .1 < 0 .1

T o ta l 82.1 83.3 81.9 74.7

5. Confrontation o f  evidence derived fro m  hum an material and from
animal experiments

P u lm o n a ry  fa t  em b o lism  w as m ost e x te n s iv e  in sub jec ts  w ho d ied  w ith  in 
th e  f i r s t  w eek a fte r an  in ju ry  involv ing  f r a c tu re  o f long bones. T h o u g h  t lie
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n u m b e r  of em boli w as as high as 1038 ^  778 p e r  m m 3, it  was still less th a n  one 
th ird  o f  th a t  o b se rv ed  in ra b b its  a f te r  th e  in jec tio n  of 0.1 m l/kg  o f trio le in  
(3673 i  778 per m m 3). O n th e  o th e r h a n d , th e  n u m b e r of em boli w as fo u n d  to  
exceed 1800 (from  2262 to  7560 p er m m 3) in  2 2 %  o f th e  cases w here  d e a th  had  
been  su b seq u en t to  in ju ry , in o th e r w ords, p u lm o n a ry  fa t  em bolism  d em o n 
s tra b le  in these  cases com pared  in s e v e r ity  w ith  t h a t  p roduced  b y  0.1 m l/k g  of 
tr io le in . The dose in v a ria b ly  le th a l to  r a b b its  w as a round  1.5 m l/k g , o n  th e  
o th e r  h an d , from  th e  dose of 0.75 m l/k g  d o w n w ard  all th e  an im als  su rv iv ed . 
P u lm o n a ry  fa t  em b o lism  produced  b y  10%  o f th e  LD 30 m ay be  re g a rd e d  as 
th e  c o u n te rp a r t o f th e  severest fo rm s fo u n d  in  h u m a n  m ateria l. T h e  lu n g s co n 
ta in e d  a f te r  th e  in je c tio n  of such doses less th a n  1 0 /d  rad io ac tiv e  oil p e r  g ra m  
o f lu n g  tissue (8.9 /Л p e r  g, i.e. 0.814 g p e r  100 g). T h is could n o t h av e  a c c o u n te d  
fo r a m assive o b s tru c tio n  of th e  p u lm o n a ry  v a sc u la r  bed.

In  33%  of th e  cases w ith  bone f ra c tu re  th e re  was, how ever, ev id en ce  of 
ce reb ra l em bolism , th e  m ean  n u m b er o f  em boli d em o n strab le  in ce re b ra l tissu e  
b e ing  12.5 i  6.3 p e r  m m 3 as opposed  to  6.0 ^  2.4 p er m m 3 in e x p e rim e n ta l 
em bo lism  induced  b y  th e  in jec tion  o f  0.1 m l/k g  of trio le in . T h e  d e fin ite  
th o u g h  s ta tis tic a lly  n o t  sign ifican t d iffe ren ce  (p ]> 60% ) b e tw een  th e  tw o  
g ro u p s w as due to  th e  h igh n u m b er o f  ce re b ra l em boli (141 an d  231 p e r  m m 3, 
re sp ec tiv e ly ) in tw o o f th e  au topsied  cases. C ereb ra l em bolism  o f co m p arab le  
e x te n t  w as no t o b serv ed  below doses o f  0.75 to  1.0 m l/kg, considered  as p o te n 
tia lly  le th a l.

T h e  p resen t re su lts  suggest t h a t  th e  h a z a rd  an d  th e  sev erity  o f sy s tem ic , 
m ore  specially  of ce re b ra l, em bolism , increases  in  exponen tia l re la tio n  to  th e  
a m o u n t o f fa t e n te r in g  th e  blood s tre a m . In  h u m a n s , th e  q u a n ti ty  o f  f a t  is u n 
k n o w n , nevertheless i t  m ay  be in fe rred  from  th e  e x te n t of th e  p u lm o n a ry  em 
bo lism . In  anim al ex p e rim en ts  27 /Л/g o f tr io le in  w as recovered  from  th e lu n g  w hen  
0.25 m l/kg  had  been  ad m in is te red  a n d  49 /Л/g w h en  th e  dose h ad  b een  1.0 m l/kg  
as a g a in s t 0.038 an d  0 .78 //,1 p er g, re sp e c tiv e ly , to  be  found  in cereb ral tissu e  a fte r  
in je c tio n  of th e  sam e doses. In  o th e r  w o rd s , th e  sam e doses o f tr io le in  w hich  
d o u b led  th e  lip id  co n c e n tra tio n  in th e  lu n g  p ro d u c e d  a tw en ty fo ld  in c rease  in  
th a t  o f  th e  b ra in . T h is  w ould  suggest t h a t  th e  d ifference betw een  th e  q u a n t i ty  
o f  f a t  p roducing  sev ere  or m ild ce re b ra l f a t  em bolism  or none a t  all is n o t 
sh a rp ly  re flec ted  b y  th e  severity  o f p u lm o n a ry  em bolism . I t  has b een  show n 
th a t  in  h u m an  a u to p s y  m ateria l w ith  ce re b ra l f a t  em bolism  th e  n u m b e r  of 
em boli in  th e  lung tis su e  is tw ice as h ig h  as in  o th erw ise  sim ilar cases w h ere  th e  
b ra in  w as n o t a ffec ted . A ccordingly , th is  d iffe ren ce  m ay well a c c o u n t fo r th e  
p resence  or absence o f  cereb ral em bolism .

T h e  num ber o f  284 ^  232 em bo li p e r  m m 3 seen a t a to p sy  o f  p a tie n ts  
su ccu m b in g  to  in ju ry  w ith o u t f ra c tu re  re p re se n ts  scarcely 10%  o f t h a t  p ro 
du ced  b y  0.1 m l/kg o f  tr io le in , m oreover, th e  f ig u re s  recorded  in th is  g ro u p  n e v e r  
exceeded  th e  lim it o f  1800 per m m 3. T h is  ag rees well w ith  our fa ilu re  o f  de-
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m o n s tra t in g  system ic  em bolism  in an y  o f th e se  cases. This is s till m ore  v a lid  
fo r  th e  g ro u p  w here d e a th  w as u n re la te d  to  in ju ry .

A s to  th e  k id n e y s , th e  n u m b er of em bo li fo u n d  in  th e  g roup  o f  in ju ry  
co rre sp o n d e d  to  t h a t  p ro d u c e d  b y  th e  in je c tio n  o f 0.1 m l/kg lip id . I n  tw o  cases 
w ith  gross cereb ra l f a t  em bolism  th e  n u m b e r w as excessively  h igh , i.e. 63 an d  
87 re sp e c tiv e ly  p e r  20 g lom eruli, co rresp o n d in g  to  t h a t  p roduced  in  th e  la b o 
r a to r y  a n im a l b y  a dose of 0.25 m l/kg.

Discussion

I t  seem s to  be a ru le  th a t  a f te r  d e a th  fro m  in ju ry , p a r tic u la r ly  if  long 
b o n es h a d  been  fra c tu re d , th e  lungs c o n ta in  f a t  em boli. In  a to ta l  o f 905 cases 
r e p o r te d  in  13 p ap e rs , S e v i t t  [23] found  th e  inc idence  of p u lm o n a ry  f a t  em 
b o lism  to  v a ry  b e tw een  37 a n d  100% . If , h o w ev er, o n ly  th o se  p u b lic a tio n s  w ere 
co n sid e red  w here  so lely  or m a in ly  cases c o m p lic a te d  b y  frac tu res  of long  bones 
a re  in c lu d e d , th e  incidence w as as h igh  as 75 to  1 0 0% . In  th e  p re sen t s tu d y  fa t  
em b o lism  w as d em o n strab le  in  all o f th e  cases o f th is  ty p e , i.e. in  all su b je c ts  
w ho  d ied  a f te r  a t r a u m a  invo lv in g  a f ra c tu re  o f  long  bones. E v idence  as reg a rd s  
th e  s e v e r ity  of p u lm o n a ry  em bolism  is less c o n s is te n t th a n  th a t  re la tin g  to  its  
in c id en ce . I n  s tu d ies  w hich  h a v e  been  b ased  on  a m e th o d  sim ilar to  th e  p re se n t 
one th e  inc idence  of severe p u lm o n a ry  em bo lism  ran g ed  from  32 to  6 2 % , i.e. 
i t  w as s lig h tly  low er th a n  th e  p re sen t fig u re  o f  7 0 % . On th e  o th e r h a n d , th e  
2 0 %  in c id en ce  fo u n d  in  th e  p re se n t series o f le th a l in ju ry  w ith o u t b one  f ra c tu re  
ag reed  w ell w ith  th e  d a ta  o f o thers. T h e  ch ie f cause  o f th e  d ivergence b e tw een  
th e  in d iv id u a l figu res is th a t  th e y  re la te  to  d iffe re n t tim es of su rv iv a l b e tw een  
in ju ry  a n d  d e a th . I n  case o f su rv iv a l b ey o n d  th e  f i r s t  w eek, th e  p re se n t a u th 
ors as w ell as o th e r  o b se rv e rs  fa iled  to  d e m o n s tra te  th e  presence o f gross fa t  
em b o lism  in  th e  m a jo r ity  o f  th e ir  cases.

S e v i t t  [23] e v a lu a te d  th e  incidence o f  f a t  em bolism  u n re la te d  to  in ju ry  
on  th e  b as is  o f 500 cases co llected  from  th e  l i te r a tu r e .  P u lm o n ary  em b o lism  w as 
fo u n d  in  a  to ta l  o f 120 cases, th e  incidence re p o r te d  b y  th e  d iffe ren t a u th o rs  
v a ry in g  b e tw een  0 a n d  5 0 % . T he figu re  d e riv e d  fro m  th e  p resen t s tu d y  co rre 
sp o n d s  to  4 8 % , i.e. 37 o u t o f 77 cases, an d  in  9 %  (7 cases) in ju ry  was “ m o re  th a n  
m ild ” . T h ese  figures agree w ith  th e  d a ta  o f  o th e r  au th o rs .

T h e re  is th u s  gen era l ag reem en t on th e  h ig h  incidence of p u lm o n a ry  fa t  
em b o lism  in  le th a l in ju ry  a n d  also on th e  sig n ifican ce  of bone fra c tu re s . T h e re  
is f a r  less ag reem en t on th e  clinical s ign ificance o f these  find ings. R ev iew ing  
4057 cases o f le th a l in ju ry  co llected  from  10 d iffe ren t sources, P e l t i e r  [16] 
a sc rib e d  th e  d e a th  to  f a t  em bolism  in  101 cases, i.e. 2 .5 % . The au to p sie s  p e r
fo rm e d  in  o u r S ection  of P a th o lo g y  in  th e  p e rio d  1962 to  1966 co m p rised  551 
cases o f  t ra u m a tic  d e a th s . In  8 of th ese  d e a th  w as asc rib ed  to  p u lm o n ary  f a t  em -
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ho lism  on th e  g ro u n d s o f clin ical or p o s t-m o rte m  evidence. H ow ever, on r e tro 
sp ec tiv e  analysis  it  w as found  th a t  fa t  em bolism  could  n o t have been responsib le  
fo r d e a th  in  m ore th a n  3 o f these  cases.

E v e n  in  f a t  em bolism  ju d g e d  v e ry  severe  a t  au to p sy , th e  n u m b e r  of 
em boli p re se n t in  th e  lungs, i.e. th e ir  lip id  c o n c e n tra tio n , re p re se n ts  no  m ore 
th a n  a frac tio n  o f t h a t  p ro d u ced  b y  th e  in je c tio n  o f le th a l doses o f  n e u tra l  fa t 
in  th e  la b o ra to ry  an im a l. T he lip id  c o n te n t  in  th e  lungs of h e a lth y  su b jec ts  
h av e  been  e s tim a te d  a t  6.3 [13], 5.2 [1] a n d  4 .0 1 %  [3]. T he sc a tte r  w as co n sid e r
ab le , from  1.7 to  8 .7 % . In  “ severe”  p u lm o n a ry  em bolism , th e  fa t  c o n te n t  o f th e  
lungs w as in  th e  av e rag e  11.1 to  11.7%  (ran g e  5.4 to  16.4% ) i.e. tw ice  th e  n o r
m al v a lue .

A d m in is te rin g  to  ra b b its  0.145 g /kg  o f  f a t ,  i.e. a dose supposed  to  p ro d u ce  
p u lm o n a ry  fa t  em bo lism  o f a t  least th e  sam e g rad e  as th a t  o f sev e re  f a t  em 
bolism  seen in h u m a n s , A rm in  an d  G r a n t  [1] reg is te red  an  increase o f  th e  to ta l  
fa t  c o n te n t from  8.9 to  15.1%  of d ry  lu n g  w e ig h t; th e  fa t c o n te n t o f  em boli 
b e ing  th u s  assum ed  to  he 6.2 g p e r 100 g d ry  lung  w eight. T his is co m p a tib le  
w ith  th e  p re sen t f in d in g s reco rded  a f te r  th e  in jec tio n  of 0.1 m l, i.e. 0 .091 g p e r 
kg  o f  tr io le in . T a k in g  th e  d ry  w eight o f th e  r a b b i t  lung for 18%  o f  its  w e t 
w eigh t [1], ou r fin d in g  o f 0.814 g p e r 100 g w o u ld  correspond to  4 .5 %  o f th e  d ry  
w e ig h t. H ow ever, co n fro n tin g  h u m an  a n d  e x p e rim e n ta l fa t em bolism , i t  can  he 
s ta te d  th a t  th e  p u lm o n a ry  in v o lv em en t a f te r  th e  in trav en o u s in je c tio n  o f 0.1 
m l/kg  o f n e u tra l  fa t  co rresponds to  th a t  o b se rv ed  in hum an  cases co n sid e red  to  
be  o f u tm o s t se v e rity  an d  m ak ing  u p  o n ly  22%  of the  cases w ith  bone 
fra c tu re . O n the  o th e r  h a n d , it req u ired  a b o u t te n  tim es these a m o u n ts  o f f a t  to  
p ro d u ce  le th a l em bolism  in an im als. T h is  a lone  m akes it  m ore th a n  d o u b tfu l 
w h e th e r  th e  a c tu a l cause  of d e a th  in h u m a n s  w as pu lm o n ary  em bo lism .

In  th e  p re se n t series ce reb ra l em bo lism  w as in v ariab ly  a sso c ia ted  w ith  
severe in ju ry  in v o lv in g  hone fra c tu re s , a n d  o ccu rred  in 33%  o f th e se  cases. 
T h e  inc idence  of ren a l em bolism  w as 4 4 % . T h e  p e rcen tag e  of ce reb ra l em bolism  
fo u n d  b y  d iffe ren t a u th o rs  varies w ith  th e  c r ite r ia  of diagnosis. W h en  sy s tem ic  
fa t  em bolism  is d iag n o sed , in every  case w h ere  an  em bolus was fo u n d  in a tissu e  
o th e r  th a n  th e  lu n g  (as i t  w as done in  th e  p re se n t s tu d y ), th e  fo llow ing  figures 
fo r its  incidence can  be  q u o te d  from  th e  l i te ra tu re :  W a r r e n  [25] fo u n d  ren a l 
f a t  em bolism  in 7 3%  o f 63 cases w ith  sev ere  m u ltip le  frac tu re s ; in  50 %  of 
th e se  ce reb ra l em bolism  w as also p re se n t, 11 o f th ese  cases w ere q u a lif ie d  as 
“ s ig n if ic a n t” . E m so n  [6] d e m o n s tra te d  ce reb ra l em bolism  in 24%  o f  th e  cases 
w ith  bone fra c tu re , a n d  in  4 5 % , w hen c o rre la tin g  its  incidence w ith  m u ltip le  
fra c tu re s . T he inc idence  o f system ic em bo lism  in th e  case of e x tre m ita l  f ra c 
tu re s  is e s tim a te d  a t  5 2 %  b y  G ra n t  an d  R e e v e  [8] an d  a t 40%  b y  S a i k k u  [18]. 
I t  is, how ever, d ifficu lt to  decide w h e th e r in  a given case th e  a c tu a l cause  o f 
d e a th  h as  been ce reb ra l em bolism , a q u es tio n  w h ich  com bined clin ica l a n d  p o s t
m o rtem  ev idence w ill alone decide w ith  a n y  reaso n ab le  c e r ta in ty . J u d g e d  by

T H E  P A T H O M E C H A N I S M  O K  K A T  E M B O L I S M , I ,
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th e se  s ta n d a rd s  ce re b ra l em bolism  had  to  be  ru le d  o u t as th e  d irec t cau se  o f 
d e a th  in  all of th e  84 cases o f p o s ttra u m a tic  d e a th s  review ed in  th e  p re se n t 
s tu d y .

T h e  ex istence o f  re la tio n sh ip s  be tw een  th e  sev e rity  of p u lm o n a ry  f a t  
em b o lism  an d  th e  o ccu rren ce  of cerebral em b o lism  adm its  no d o u b t. I n  th e  
m a te r ia l  o f E m s o n  [6 ] ,  sy s tem ic  em bolism  w as p re s e n t in  59%  of th e  cases o f  
gross p u lm o n a ry  em bo lism  as aga in st 7%  o f th o se  w here  p u lm o n ary  em bolism  
w as less severe or o n ly  s lig h t. In  th e  p resen t m a te r ia l  th e  cases asso c ia ted  w ith  
sy s te m ic , i.e. ren a l a n d /o r  ce reb ra l em bolism  d isp la y e d  m ore p u lm o n ary  em boli 
t h a n  th o se  w ho h ad  no  sy s tem ic  em bolism . W hile  0.1 m l/kg of fa t has been  fo u n d  
to  p ro d u c e  cereb ra l em b o lism  in 66%  an d  0.25 m l/k g  in  75%  o f th e  a n im a ls , 
doses exceed ing  th is  ran g e  in ev itab ly  led  to  c e re b ra l em bolism  in  all o f  th e  
cases. R e n a l fa t  em b o lism  w as dem o n strab le  in  a ll o f th e  cases even w h ere  th e  
lo w est dose of fa t  h a d  b een  adm in is te red . I t  is th u s  clear th a t  p ro d u c tio n  of 
sy s te m ic  em bolism  re q u ire s  la rge  am ounts o f f a t  to  pass in to  th e  b lo o d  s tre a m . 
T h is  f a t  is p re v a le n tly  ta k e n  u p  b y  th e  lu ng , p a r t ly  b y  its  fu nc tion  as a m e c h a 
n ica l f i l te r , p a r t ly  as a re su lt  of active changes in  th e  tone  of th e  p u lm o n a ry  
vesse ls  [10]. T he f ilte r in g  c a p a c ity  of th e  lu n g  w a s , how ever, fo u n d  to  decline 
w h en  th e  am o u n t o f f a t  i t  h a s  to  dispose o f in c rea se s  beyond a c e r ta in  lim it. 
T h o u g h  in  th is  case th e  liv e r  also acts to  som e e x te n t  as a “ filte r” , th is  is n o t 
su ffic ie n t to  p re v e n t escape  o f  f a t  in  th e  sy s te m ic  c ircu la tion . T he n u m b e r  of 
em b o li, i.e. th e  q u a n t i ty  o f “ em bolized”  fa t ,  in  th e  b ra in  shows an  e x p o n e n tia l 
in c rease  in  re la tio n  to  th e  a m o u n t of fa t e n te r in g  th e  c ircu la tion . T h is acco u n ts  
fo r th e  o b se rv a tio n  t h a t  p u lm o n a ry  fa t em bo lism  th o u g h  a p p a re n tly  n o t  a ll to o  
e x te n s iv e  m ay  be a sso c ia te d  w ith  m assive sy s te m ic , p a rticu la rly  ce re b ra l, f a t  
em bo lism .
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THE PATHOMECHANISM OF FAT EMBOLISM
I I .  B O N E  M A R R O W  FA T  AS A S O U R C E  O F E M B O U  

By

Gy . S zabó , R . J a n k o v i c s  a n d  Z s. Magyar

N A T IO N A L  IN S T IT U T E  O F  T R A U M A T O L O G Y , B U D A P E S T  

(R eceived  M arch  29, 1967)

In tra m e d u lla ry  p ressu re  in  th e  fem o ra l d iap h y sis  o f ra b b its  w as fo u n d  to  cor
resp o n d  to  25 ±  3.0 m m  Hg. In jec tio n  o f 0.25 m l/k g  of trio le in  in to  th e  m e d u lla ry  c av ity  
ra ised  th e  p ressu re  to  36.5 4- 3.3 m m  H g. F ra c tu r in g  of th e  hone cau sed  a fa ll to  11.3 
m m  Hg.

L ip id  c o n tra s t  m edium  w as c leared  from  th e  m edullary  c av ity  o f  in ta c t  bone 
w ith in  tw o  h o u rs  a f te r  in jec tion , w hile  in  th e  case o f frac tu re  io d in a te d  oil flow ed  ou t 
from  th e  m arro w  c av ity  an d  24 to  72 h o u rs  la te r  w as still d em o n strab le  in  th e  a d ja ce n t 
tissues.

T he n u m b er o f p u lm o n ary , cereb ra l, a n d  re n a l fa t  em boli p ro d u ced  b y  0.25 m l/kg  
o f trio le in  rev ea led  no s ign ifican t d ifferen ce  w h e th e r  th e  dose has b een  in je c te d  in to  
th e  closed m ed u lla ry  c a v ity  or d irec tly  in to  th e  v enous system .

T h e  q u a n ti ty  of m I-trio le in  d e m o n s tra b le  in  th e  in d iv id u a l o rg an s  (expressed  
in  pe r cen t o f th e  in jec ted  dose or in  ,(d/g w e t w e ig h t) a fte r  th e  a d m in is tra tio n  o f 0.25 
m l/kg  rev ea led  no sign ifican t d ifference w h e th e r  i t  h a d  been in tro d u ced  in to  th e  closed 
m ed u lla ry  c a v ity  o r had  been in je c te d  in tra v e n o u s ly .

F ra c tu re  o f th e  bone su b seq u en t to  in tra m e d u lla ry  in jec tio n  o f  0.25 m l/kg  
o f trio le in  g re a tly  reduced  th e  q u a n ti ty  o f em bolized  fa t — b o th  as re fle c te d  by 
th e  n u m b er o f em boli in th e  in d iv id u a l o rg an s  as well as by  th e  d e te c ta b le  a m o u n t of 
ra d io a c tiv e  trio le in .

T h ere  a re  tw o c u rren t theo ries co n cern in g  th e  p a th o m e c h a n ism  o f fa t 
em bolism . A ccord ing  to  th e  f irs t th e o ry , fa t  re leased  in to  th e  b lood  s tre a m  from  
th e  s ite  o f in ju ry , p a r tic u la r ly  from  f ra c tu re d  bones, blocks th e  cap illa rie s  o f  th e  
lungs a n d , u n d e r ce rta in  cond itions, also th o se  o f o th e r  organs. T h e  o th e r  school 
believes th a t  th e  fa t  d rop le ts  responsib le  fo r  fa t  em bolism  are fo rm ed  in  the 
b lood  as a re su lt o f changes in  th e  d isp e rs ity  o f  b lood  lipids. T he o s te o m e d u lla rv  
orig in  o f  fa t  em bolism  is su p p o rte d  f irs t  o f a ll b y  th e  p revalence o f  its  sev e rest 
fo rm s in  cases assoc ia ted  w ith  fra c tu re  o f  th e  long bones [11, 13]. T h e re  is, 
h ow ever, a fu n d a m e n ta l gap in th is  th e o ry , since it is no t c lear how  th e  fa t 
d ro p le ts  reach  th e  blood stream . T h e  fa c t, t h a t  from  th e  hone m arro w  a fte r  
in ju ry  fa t  is re leased  in to  th e  c ircu la tio n  a n d  th a t  it  is dem o n strab le  in  th e  lung, 
s till leaves th e  q u es tio n  open w h e th e r th e  f a t  fo rm in g  th e  em boli a c tu a lly  o rig 
in a te s  in  its  to ta l i ty ,  o r a t  least p re v a le n tly , fro m  th e  bone m arro w , o r, in o th e r  
w ords, w h e th e r  th e  a m o u n t of fa t  fo u n d  in lu n g  tissu e  u n d er th e  c ircu m stan ces  
p re v a ilin g  a f te r  a fra c tu re  could escape  fro m  th e  m edu llary  c a v ity  a n d  e n te r  
in to  th e  b lood  s tream . T he fa t m ay  well h a v e  a d d itio n a l sources a n d  th e  sm all 
a m o u n ts  o f fa t  a c tu a lly  re leased  from  th e  b o n e  m arrow  m ay  in  fa c t  a c tiv a te
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som e e n z y m a tic  p rocess lead in g  to  th e  coalescence o f  chylom icra  [8] o r to  an  
a b n o rm a l re lease o f s to re d  fa t.

T h e  f irs t  ev idence  of f a t  ab so rp tio n  from  th e  b o n e  m arrow  in to  th e  b lood  
s tre a m  w as p re se n te d  b y  B u s c h  m ore th a n  a c e n tu ry  ago [3]. A fter th e  in t r a 
m e d u lla ry  in jec tio n  o f  a m ix tu re  of verm ilion  a n d  o live  oil th e  bone w as f ra c 
tu re d . A t a u to p sy  th e  lu n g  cap illa ries o f th e  an im als  w ere  packed  w ith  s ta in e d  fa t  
d ro p le ts . T h is w as, h o w ev er, no  q u a n tita tiv e  ev id en ce . T here  is a fu r th e r  w ide ly  
s tu d ie d  b u t  non  th e  less obscure  a spec t o f th e  s u b je c t. H ow  does th e  f ra c tu re  
a ffec t th e  in tra m e d u lla ry  p ressu re , in  o th e r  w o rd s , is i t  possible for th e  tis su e  
p re ssu re  p rev a ilin g  a t  th e  s ite  o f v a scu la r in ju ry  to  exceed  th e  venous p re ssu re  
[5, 10, 1 6 ]?

T h e  aim  of th e  p re se n t s tu d y  w as to  ex am in e  th e se  problem s.

M ethod

R a b b its  w eigh ing  2 to  4 k g  w ere used . A n a es th es ia  w as induced  b y  0.30 g p e r  k g  o f 
p e n to b a rb ita l .  In  one o f th e  h in d  legs a w ire drill w ith  a  1.2 m m  tip  was in tro d u c ed  th ro u g h  
a sm all su p ra tro c h a n te r ic  c u ta n e o u s  incision , an d  d r iv en  th ro u g h  th e  tro ch a n te r  m a jo r, p a ra lle l 
w ith  th e  sh a f t  o f th e  fe m u r, across th e  ep iphysis in to  th e  b o n e  m arro w . T hen i t  w as w ith ra w n  
a n d  th ro u g h  th e  c an a l a  1.5 m m  can n u la  w as ad v an c ed  to  ap p ro x im ate ly  th e  m id d le  o f  th e  
sh a f t  a n d  a tta c h e d  b y  a  n o n -e la s tic  te flo n  tu b e  to  th e  p ick -u p  o f  a S t a t h a m  stra in -g au g e  m a n o 
m ete r.

I n  a  n u m b er o f e x p e rim e n ts  th e  m ed u lla ry  c a v ity  w as en te red  from  th e  d is ta l  e n d  of 
th e  b one  as w ell, th e  d rill be ing  in se rte d  o ver th e  la te ra l  ep ico n d y lu s. H ere, a w ide-bore  n eed le , 
su itab le  fo r  in tra m e d u lla ry  in je c tio n  of fa t,  w as used . C are w as ta k e n  to  have  th e  can a l t ig h t ly  
c losed b y  th e  needle. T h e  a m o u n t of f a t  in tro d u c ed  w a s  0.25 m l/kg o f m I-lab e lled  
tr io le in  w ith  a  specific  a c t iv ity  o f ap p ro x im ate ly  30 fiC . A fte r i ts  in jec tio n  in to  th e  
m e d u lla ry  c a v ity  th e  a p e r tu re  w as sealed w ith  a  bee  w ax  p lu g , th e  overlying fascia  a n d  sk in  
w ere s u tu re d  in  tw o  la y e rs  care fu lly  av o id in g  an y  re flu x  o f o il; in  some ex p erim en ts  th e  fe 
m u r w as f ra c tu re d  in  th e  m idd le  o f th e  sh a ft. F o u r h o u rs  la te r  th e  anim als w ere k illed  b y  an  
in tra c a rd ia l  in je c tio n  o f a  s a tu ra te d  so lu tion  of p o ta s s iu m  chloride. P o rtio n s w ere excised  
fro m  th e  lu n g , liv e r a n d  b ra in  fo r  h isto log ical s tu d y . T h e  fro zen  sections were s ta in e d  w ith  
S u d a n  I I I  a n d  th e  em boli in  lu n g  an d  b ra in  tissue w ere  c o u n te d  a t  1 : 80 m agn ifica tio n  in  20 
v isu a l fie ld s , a n d  th e  n u m b e r o f em boli p e r m m 3 tis su e  w as d e te rm in ed . The n u m b er o f ren a l 
em bo li w as re fe rred  to  20 g lom eru li. D etails  o f th e  m e th o d  h a v e  been  described ea rlie r [13].

T h e  lu n g , b ra in , k id n ey , a n d  liver w ere d ig es ted  in  2 0 %  N aO H  and  co u n ted  fo r ra d io 
a c t iv ity  in  a  sc in tilla tio n  w ell d e te c to r. T he re su lts  w ere  ex p ressed  in  pe r cen t o f th e  in tro d u c e d  
dose a n d  in  /Л tr io le in  p e r  g w e t tissue.

F in a lly , in  a  sm all g roup  o f an im als 1 m l o f lip id  c o n tr a s t  m edium  was in je c te d  in to  
th e  m e d u lla ry  c a v ity  o f th e  fem o ra l bones. One fem u r w as f ra c tu re d  in  th e  m iddle o f  th e  sh a ft, 
a n d  X -ra y s  w ere m ad e  o f th e  lim b  im m ed ia te ly  a f te r  th e  in je c tio n  and  a t  2, 24 a n d  72 h r.

R esults

1. Intramedullary pressure

In tra m e d u lla ry  p re ssu re  w as m easu red  in  th e  m edu llary  c a v ity  o f  th e  
fem o ra l d iap h y sis  in  17 ra b b its  on 25 occasions (in  8 an im als i t  w as m easu red  
on b o th  sides). P re ssu re  w as 25 T: 3 m m  H g , w ith  a  ran g e  from  6 to  60 m m  H g. 
T h e  p re ssu re  cu rv es  o ften  rev ea led  signs o f  a r te r ia l  p u lsa tion . P re ssu re  w as 
n o t c o n s ta n t , sp o n ta n e o u s  v a ria tio n s  w ere f re q u e n t. T hese w ere to o  slow to  be

Acta Medica Academiae Scientiarum Hungaricae 24, 1967



T H E  P A T H O M E C H A N I S M  O F  F A T  E M B O L I S M ,  I I . 3 Í  7

re la te d  e ith e r  to  re sp ira to ry  m ovem ents or to  ven o u s pu lsa tio n s, a n d  seem ed 
to  be  due to  an  ac tiv e  v aso m o to r fu n c tio n , i.e. chan g es of v ascu la r to n e .

In tro d u c tio n  o f 0.25 m l/k g o fo il in to  th e  closed  cav ity  w as fo llow ed  b y  a 
s ig n ifican t rise o f th e  p ressu re , a tta in in g  36.5 ^  3.3 m m  H g in th e  15 an im als , 
to  re tu rn  th e n  successively  to  th e  orig inal v a lu e  in  a t  m ost 30 m in u te s . F r a c tu r 
ing  o f th e  bone, p reced ed  in  5 ou t o f 6 cases b y  an  in tra m e d ù lla ry  in je c tio n  of 
0.25 m l/kg  o f trio le in  w as followed b y  a su d d en  fall o f th e  in itia l 52 ^  1-7 m m

O P  T F i 0

f  igs 1 an d  2. In tra m e d u lla ry  p ressu re  in fem u r of r a b b it .  O: base  line. P : m ea su re m e n t o f 
in tra m e d u lla ry  p ressure . T : in jec tio n  of 0.25 m l/kg of tr io le in  in to  th e  m edullary  c a v ity . F  : f ra c 

tu rin g  of fe m u r

H g p ressu re  to  11.3 ^  4 .6  m m  H g, depend ing  on  th e  location  of th e  need le  in 
re la tio n  to  th e  fra c tu re . I f  th e  tip  of th e  n eed le  h ad  been qu ite  close to  th e  
fra c tu re  or d is ta l from  it ,  th e  pressure  fell to  0 to  2 m m  H g. If , h o w ev er, th e  
need le  h ad  been 10 to  20 cm  above th e  f ra c tu re , th e  low est lim it w as b e tw een  
20 a n d  36 m m /H g , a n d  15 to  30 m inu tes a f te r  f ra c tu re  th e  p ressu re  s ta r te d  to  
rise again  reach ing  even  50 to  60 m m  H g (F igs 1 an d  2).

2. Absorption o f  contrast medium fro m  the medullary cavity

A fte r 1.0 m l o f  c o n tra s t  m a te ria l h ad  b e e n  in jec ted  in to  th e  m e d u lla ry  
c a v ity  to  5 ra b b its , th e  fem u r was fra c tu re d  a n d  X -ray s  were m ade im m ed i
a te ly , as well as 2 ,2 4  an d  72 h r. la te r .T h e  earlies t X -ra y s  show ed in th e  in ta c t  bone 
an  in ten s iv e  o p ac ity , in d ic a tin g  th e  p resence o f  c o n tra s t  m ed ium  w ith in  th e  
c a v ity . In  th e  o th e r  leg th e  c o n tra s t m ed ium  w as d e te c te d  m ain ly  in  th e  tissu es , 
su rro u n d in g  th e  b ro k en  ends of th e  bone. Tw o h o u rs  la te r  m ost o f th e  c o n tra s t  
m ed iu m  h ad  left th e  m ed u lla ry  cav ity  of th e  in ta c t  bone. In  th e  tis su e s  su r-
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ro u n d in g  th e  broken  b o n e  m u c h  c o n tra s t m ed iu m  w as s till v isib le. 24 h o u rs  la te r  
in  th e  m ed u lla ry  c a v ity  o f  th e  in ta c t  bone o n ly  tra c e s  of io d in a ted  oil w ere  le ft. 
T h e  c o n tr a s t  shadow s a ro u n d  th e  b roken  bone w ere  s till p resen t. T h e  f in d in g  
w as s im ila r  a t 72 h r. (F igs ЗА , В , С).

F ig . 3. A b so rp tio n  of L ip iodo l U . F .  fro m  th e  m e d u lla ry  c a v i ty  o f in ta c t a n d  f r a c tu re d  bone. 
A ) Im m ed ia te ly  a f te r  in jec tio n , B ) a t  2 h r .,  C) a t  24 h r., D ) a t  72 h r.

3. Quantitative histologic studies

T h e  lungs, k id n ey s a n d  b ra in  w ere ex am in ed  in  14 anim als a fte r  in tr a m e d 
u lla ry  in jec tio n  of tr io le in , a n d  in  14 an im als a f te r  a sim ilar in jec tio n  co m b in ed  
w ith  f ra c tu re  of th e  fe m u r.

I n  th e  firs t g roup  th e re  w as gross p u lm o n a ry  em bolism . T he n u m b e r  of 
em b o li w as n o t only  in v a r ia b ly  h igher, h u t  in  11 an im als  i t  w as as m u c h  as te n  
t im e s  t h a t  found  in  h u m a n  cases qualified  as “ sev ere” , i.e. 3 p e r h ig h  pow er 
f ie ld  o r  180 p er m m 3, th e  m e a n  va lu e  b e ing  7030 ^  1323 p e r m m 3. C ereb ra l 
f a t  em b o lism  was p re se n t in  10 an im als an d  re n a l f a t  em bolism  in  a ll b u t one. 
T h e  c e re b ra l em boli n u m b e re d  40.8 i  18.2 p e r  m m 3, th e  renal em boli 32 .5  ^  14 
p e r  20 glom eruli. W h en  th e  sam e 0.25 m l/kg  v o lu m e  of trio le in  h a d  been  a d m in 
is te re d  in trav en o u s ly , th e  an im a ls  k illed  2 h r . a f te r  th e  in jec tion  h a d  10 730 ^  
^  688  a n d  those k illed  a t  24 h r . 7772 ^  1462 em boli p er m m 3 lu n g  tissu e
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(m ean  values o f 6 an im als  o f  th e  re sp ec tiv e  g ro u p s). N one o f  th e  va lu es  d ev ia ted  
s ig n ifican tly  from  th o se  fo u n d  a f te r  in tra m e d u lla ry  in jec tio n  o f tr io le in . This 
app lies  to  th e  b ra in  as w ell. H ere  th e  re sp ec tiv e  figures o b ta in e d  a t  2 a n d  24 
h r . w ere 20 i  6.9  a n d  9.0 i  4.4 p e r  m m 3, re sp ec tiv e ly , w hich  rep re sen ts  no 
s ig n ifican t d ev ia tio n  from  th e  values of 40.8 ^  18.2 p e r m l fo u n d  a f te r  in tra m e 
d u lla ry  a d m in is tra tio n  (p 0.30, resp . p 0 .40), since th e  h ig h er figures w ere 
d u e  to  tw o  excessive v a lu es  in  th is  series. I f  th ese  h a d  been  neg lec ted  th e  
m ean  w as n o t h ig h e r th a n  16.

T he ren a l em boli n u m b ered  32 ^  7.2 a n d  67 ^  9.5 re sp ec tiv e ly  in  tw o 
g ro u p s  o f 6 an im als  each , 2 an d  24 h r. a f te r  in tra v e n o u s  a d m in is tra tio n  of
0 .25  m l/kg  o f tr io le in . T he d ev ia tio n  from  th e  re sp ec tiv e  v a lu e  o b ta in e d  a fte r  
in tra m e d u lla ry  a d m in is tra tio n  o f th e  sam e dose w as n o t s ig n ifican t (p > 0 .9 0  and 
p > 0 .1 0 ,  re sp ec tiv e ly ).

In  th e  g ro u p s w here  th e  bone h ad  been  fra c tu re d , p u lm o n a ry  fa t  em bo
lism  w as d em o n strab le  in  12 o u t o f 14 cases a n d  in  4 i t  w as severe , w ith  over 
1800 em boli p e r  m m 3. T h e  m ean  w as 2321 ^  998, wrhich  re p re se n te d  a h igh ly  
s ig n ifican t d e v ia tio n  (p <  0.001) from  th e  figu res o b ta in e d  in  th e  cases w ith  
no fra c tu re . T he fin d in g  of ce reb ra l em boli w as confined  to  3 cases and  th a t  of 
re n a l em boli to  5 cases of th is  g roup . T he n u m b e r  o f em boli (w ith  reference to  
th e  w hole group) w as 10.3 ^  7.3 p e r m m 3, or 8.8  i  5.1 p e r  20 g lom eruli. The 
d ifference  of th e se  va lu es  from  tho se  recorded  in  th e  cases w ith  no f ra c tu re  was 
s ig n ifican t s ta tis t ic a lly  (p <  0.001).

Table I

N um ber o f  fa t  emboli in  the ind iv idua l organs after adm in istra tion  
o f  0.25 ml/kg o f  triolein

Route of administration No.
Lung Brain Kidney

Emb./mm3 s„ Emb./mm3 s . Emb./20glom. s .

In tram ed u lla ry , in ta c t  bone 14 7 030 1323 40.8 18.2 32.5 14.2
In tram ed u lla ry , fra c tu re d  bone 14 2 321 998 10.3 7.3 8 .8 5.1

In trav e n o u s  (2 h r.) 6 10 730 6 8 8 20.0 6.9 32.0 7.2
In trav e n o u s  (24 hr.) 6 7 772 1462 9.0 4.4 67.0 9.5

4. A m ount o f fa t  in the individual organs

59.1 i  5 .53%  o f th e  0.25 m l/kg  o f tr io le in  in je c te d  in to  th e  m e d u lla ry  cav ity  
w e re  recovered  from  th e  lung  (m ean  from  12 an im als), as a g a in s t 74.9 ^  8 .5%  
re c o v e re d  a f te r  in tra v e n o u s  in jec tio n  o f th e  sam e dose. T h e  d ifference w as no t 
s ig n ifican t (p >  0.10). T he q u a n ti ty  o f em bolized  fa t  in  th e  lung  co rresp o n d ed  
to  21.15 i  2.56 p i p e r  g w e t w eigh t. T his ag a in  re p re se n te d  no s ig n ifican t dif
fe ren ce  from  th e  fig u re  o f 26.6 ^  6.8 p i p e r g fo u n d  a fte r  in tra v e n o u s  in jec tion
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o f th e  sa m e  dose. The re sp e c tiv e  va lu es  for th e  liver, k id n e y  and  b ra in  corre- 
sp o n d e d  to  1.16 i  0.34, 0.67 ^  0.17 an d  0.041 ^  0 .0 1 0 % , re sp ec tiv e ly , show ing 
no  s ig n if ic a n t difference fro m  th e  va lu es  recorded  a f te r  in tra v e n o u s  a d m in is t r a 
t io n  o f  th e  sam e dose. T h is a p p lie d  to  th e  am o u n t o f tr io le in  in  re la tio n  to  tissue  
w e ig h t as w ell (Table I I ) .

Table II

Q u a n tity  o f  triolein in the in d iv id u a l organs after adm in istra tion  o f  0 .25 mljkg o f  1:11 /  triolein

R oute of administration No.
Lung Liver

%* s„ M'/g** s„ % S /J/g S n

In tra m e d u l la ry ,  in ta c t bone 12 59.1 5.53 21.56 2.56 1.16 0.34 0.084 0.023

In tra m e d u l la ry ,  frac tured  bone 15 8.69 3.86 2.80 1.05 0.55 0.209 0.039 0.014

In tra v e n o u s 6 74.9 8.51 26.60 6.82 1.88 0.97 0.150 0.071

R oute of administration No.
Brain Kidney

о/ M>/g S„ % s„ м'/g j S*

I n tr a m e d u l la ry ,  in ta c t bone 12 0.041 0.010 0.030 0.008 0.67 0.174 0.306 0.034

In tr a m e d u l la ry ,  frac tured  bone 15 0.014 0.005 0.020 0.012 0.23 0.101 0 .0 9 0 '0 .0 3 5

In tra v e n o u s 6 0.050 0.009 0.038 0.009 0.51 0.180 0.240 0.111

* p e r  cen t of in jec ted  dose 
** /Л  trio le in  per g ram  w e t tis su e

F ra c tu r in g  of th e  b o n e  a f te r  in tra m e d u lla ry  a d m in is tra tio n  caused  a 
s ig n if ic a n t reduction  in  th e  q u a n t i ty  of fa t  reco v ered  from  th e  in d iv id u a l 
o rg a n s . T h e  q u a n tity  re c o v e red  4 h r . a fte r in jec tio n  from  th e  lungs o f th e  15 
a n im a ls  in  th is  group w as 8 .69  ^  3 .86%  o f th e  a d m in is te re d  dose. T h e  d iffe r
ence  f ro m  th e  values o b ta in e d  in  th e  cases w ith  no fra c tu re  w as h ig h ly  sign ifi
c a n t  (p  0.001); 0.45 i  0 .2 1 %  o f th e  dose w as reco v ered  from  th e  liver, 
0 .23  i  10 %  from  th e  k id n e y  a n d  0.014 ±  0 .005%  from  th e  b ra in . T h e  d iffe r
ence  f ro m  th e  value fo r a b so rp tio n  from  in ta c t  b one  w as s ig n ifican t fo r th e  
k id n e y  a n d  th e  b ra in , an d  n o t  s ign ifican t for th e  liv e r (p <  0.05; p  >  0.10).

D iscussion

In tra m e d u lla ry  p re ssu re  in  long bones is u su a lly  considered  to  fa ll b e 
tw e e n  m e a n  arte ria l p ressu re  a n d  venous p ressu re . F ig u res  be tw een  30 an d  40 
[7 ], as  w ell as m ean values o f  52 [6] and  of 50 m m  H g  [2] h a v e  b een  re p o rte d . 
T h e se  v a lu e s  recorded b y  m e a n s  o f a m ercu ry  m an o m e te r a re  p ro b a b ly  to o  h igh . 
W ith  a stra in -gauge  th e  m e a n  f ig u re  w as 32.2 ^  2.1 m m  H g  an d  in  th e  ep ip h y 
sea l p o r t io n  as low as 18.8 d : 2.2  m m  H g [12]. T he p re ssu re  o f 25 ^  3.0 m m  H g
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reco rd ed  in the  p re se n t s tu d y  te n d s  to  su p p o rt th e  la t te r  fin d in g . S igns of a rte ria l 
p u lsa tio n  described  b y  o th e r  in v es tig a to rs  w ere often  d e m o n s tra b le  in our 
trac in g s . The sp o n ta n e o u s  v a ria tio n s  of in tra m e d u lla ry  p ressu re  reco rded  in  the  
p re se n t s tu d y  w ere q u ite  rem ark ab le . In  som e in stan ces th e  p re ssu re  was 3 to  
4 m m  H g  w hen th e  t ip  o f th e  needle reach ed  th e  m ed u lla ry  c a v ity  to  a tta in  
occasional values as h igh  as 30 to  40 m m  H g  in less th a n  20 m in u te s . T he m ed 
u lla ry  blood vessels seem  to  be capab le  of in ten s iv e  v aso m o tio n . I n  perfusion 
s tu d ies  it  was n o te d  th a t  d esp ite  th e  c o n s ta n t p ressu re  th e  flow  ra te  m ay  show 
considerab le  v a r ia tio n s  [4]. In tra m e d u lla ry  p ressu re  is know n to  fall in  response 
to  v aso co n stric to rs  su ch  as ep inephrine , p i tu i tr in , e rg o tam in e . E x c ita tio n  of 
th e  sc ia tic  nerve also  causes a sh a rp  fall of in tra m e d u lla ry  p re ssu re  [2]. In  th is  
m an n e r th e  in te rv e n tio n  itse lf  m ay  also elicit a re flex  m echan ism  responsib le 
fo r in tra m e d u lla ry  v a so c o n s tr ic tio n  w hich la te r  g ra d u a lly  subsides.

In jec tio n  o f 0.25 m l/kg  o f oil in to  th e  closed m ed u lla ry  c a v ity  is obviously  
asso c ia ted  w ith  a co n sid erab le  increase in in tra m e d u lla ry  p re ssu re  and  th is  
m ay  h av e  acco u n ted  fo r  th e  ra p id  ap p earan ce  of th e  trio le in  in  th e  c ircu la tion . 
B lo o m eintha l  et al. [2] observed  in s ta n ta n e o u s  d e a th  from  a ir  em bolism  a fte r  
fo rc ing  a ir  u n d er h ig h  p ressu re  in to  th e  m ed u lla ry  cav ity .

F ra c tu r in g  th e  b o n e  caused  a sharp  fall in in tra m e d u lla ry  p ressure  by  
open ing  up  th e  closed m e d u lla ry  cav ity . W hen  th e  t ip  of th e  need le  w as s itu a ted  
a t  th e  s ite  of th e  f ra c tu re  o r slig h tly  d is ta l to  it, in tra m e d u lla ry  p ressu re  fell to 
n e a rly  zero, i.e. to  th e  p ressu re  p rev a ilin g  in a d ja c e n t tissues. W h en , how ever, 
th e  t ip  o f th e  need le  w as in  th e  bone m arrow , th e  fall w as s lig h te r and  subse
q u e n tly  th e  p ressu re  even  show ed a rising  te n d e n c y , p ro b a b ly  as a resu lt of 
v a so m o to r a c tiv ity . T hese  changes in  p ressu re  p ro b a b ly  in te rfe re  w ith  fa t a b 
so rp tio n  and  m ay  h a v e  p lay ed  a p a r t  in its  red u c tio n  found  in  th e  p re se n t s tu d y . 
I t  has been  show n th a t  th e  c o n tra s t  m ed ium  d isap p ears  ra p id ly  from  th e  
closed m edu llary  c a v ity . If , how ever, th e  c a v ity  is opened  u p  b y  a fra c tu re , th e  
c o n tra s t  m edium  is poo led  in  th e  v ic in ity  of th e  fra c tu re  w h ich  m ak es its a b 
so rp tio n  v e ry  slow. T h is  o b se rv a tio n  is co n sis ten t w ith  th e  figures re su ltin g  from  
th e  p re se n t s tu d y , b o th  as regards th e  n u m b er of em boli as w ell as th e  q u a n ti ty  of 
tr io le in . This m eans t h a t  as fa r  as th e  sev erity  o f f a t  em bolism  is concerned  it 
m akes l i t t le  d ifference w h e th e r th e  oil has reach ed  th e  b lood  s tre a m  from  a 
closed m edu llary  c a v ity  o r w h e th e r it  was in tro d u c e d  by  th e  in tra v e n o u s  ro u te . 
In  b o th  cases fa t em bo lism  in th e  lungs as well as in  o th e r  o rgans w as o f sim ilar 
sev e rity . T he q u a n t i ty  o f lip id  d em o n strab le  in  th e  in d iv id u a l o rgans a fte r  its 
in tra m e d u lla ry  in je c tio n  w as n ea rly  th e  sam e as a f te r  its d irec t in tro d u c tio n  
in to  th e  blood s tre a m  b y  th e  venous ro u te . T h a t  c ry sta llo id s  as w ell as colloids 
are  ra p id ly  abso rbed  fro m  th e  m ed u lla ry  c a v ity  is a w ell-know n fa c t. T his also 
app lies to  larger p a r tic le s  an d  to  co rp u scu la r e lem en ts. F o r in s ta n c e , th e  m ed
u lla ry  ro u te  lends i ts e lf  well fo r th e  in fusion  o f p la sm a  or w hole b lood  [15]. 
As m en tio n ed  ea rlie r, th e  fa c t th a t  lip ids m ay  fin d  access to  th e  b lood  stream
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f ro m  th e  b o n e  m arrow  has b e e n  p ro v e d  on th e  ev idence  o f s ta in e d  f a t  em boli in 
th e  lu n g  a f te r  th e  in tra m e d u lla ry  in jec tio n  o f s ta in e d  lip id  [3]. M oreover, th e  
p re se n c e  o f  c o n tra s t m ed ium  in  th e  fem oral vein , th e  v en a  c a v a  in fe rio r a n d  th e  
lu n g s  w as  dem o n strab le  ra d io g ra p h ic a lly  w hen  i t  h a d  b een  in je c te d  slow ly 
in to  th e  m ed u lla ry  c a v ity  in  q u a n tit ie s  o f 30 to  60 m l, an d  p u lm o n a ry  fa t  
e m b o lism  w as in v a riab ly  le th a l  in  th ese  an im als [1, 2 ]. M orphologic stud ies 
[4, 9 ] h a v e  revealed  th e  p re sen ce  o f w ide venous cap illa ries  in  th e  b o n e  m arrow , 
o p e n in g  in to  veins w hose w a lls  possess no m u scu la r e lem en ts. T h ro u g h  these  
ev e n  p a r t ic le s  of la rger size m a y  d o u b tle ss ly  e n te r  in to  th e  ven o u s sy s tem . I f  
a fre e  l ip id  of liqu id  s ta te  g a in s  access to  th e  m e d u lla ry  c a v ity , in tra m e d u lla ry  
p re s s u re , ra ised  b y  th e  in je c te d  su b stan ce  itse lf, w ill be  h igh  en ough  to  
fo rce  th e  f a t  in to  th e  cap illa rie s  even  in  th e  absence o f  a n y  in ju ry  to  th e  m a jo r 
v e in s . T h is  holds, how ever, t r u e  o n ly  as long as th e  m e d u lla ry  c a v ity  rem ains 
c lo sed . I f  i t  is opened up  b y  a f r a c tu re , in tra m e d u lla ry  p ressu re  su d d e n ly  drops 
a n d  th e  in tro d u c e d  lip id  or th e  f a t  fro m  th e  m ed u lla ry  fa t  cells escapes in to  th e  
s u r ro u n d in g  tissues. F a t  a b s o rp tio n  from  m uscle o r con n ec tiv e  tis su e  is v e ry  
slow , sc a rc e ly  17%  bein g  a b so rb e d  in  24 hours, a n d  a t  th e  end  o f  48 hours 
a p p ro x im a te ly  80%  are s till  d e m o n s tra b le  a t  th e  s ite  o f th e  in tra m u sc u la r  in 
je c t io n . In je c tio n  of th e  l ip id  in  th e  v ic in ity  of th e  b ro k en  end  o f  a f ra c tu re d  
b o n e  d id  n o t  affect th e  a b so rp tio n  [14].

F ra c tu r in g  of bone a f te r  in tra m e d u lla ry  in je c tio n  o f lip id  re su lte d  in  a 
s ig n if ic a n t red u c tio n  in  th e  n u m b e r  of em boli d e m o n s tra b le  in  th e  in d iv id u a l 
o rg a n s . T h e  sam e w as t ru e  as re g a rd s  th e  q u a n t i ty  o f f a t ,  w h ich  a m o u n te d  to  
no  m o re  th a n  one f if th  o f t h a t  d em o n strab le  in  th e  cases w here  th e  b one  was 
le f t in ta c t .  M oreover, since in  th e  p re se n t ex p e rim en ts  th e  b one  w as b ro k en  
a f te r  th e  in tra m e d u lla ry  in je c tio n , a large p o rtio n  o f  lip id  m u st h a v e  reached  
th e  c irc u la tio n  before th e  m e d u lla ry  c a v ity  h a d  been  opened  u p . A ll th is  
su g g e s ts  t h a t  th e  co n d itions in v o lv e d  b y  b one  fra c tu re  are  h ig h ly  ad v erse  to  an 
e n t r y  o f  m edu lla ry  f a t  in to  th e  b lo o d  s tream . E v e n  if  we w ere to  assu m e th a t  
th e  t o t a l  f a t  of th e  bone m a rro w  sh o u ld  escape in to  th e  a d ja c e n t tissu es , i t  w ould 
be  m e re ly  a sm all frac tio n  w h ich  cou ld  reach  th e  b lood  s tre a m . A ll th e  find ings 
o f  f a t  d ro p le ts  in th e  b lo o d  c lo t n e a r  th e  site  of th e  fra c tu re  on ly  confirm  th e  
v e ry  f a c t  th a t  it  has re m a in e d  th e re  w ith o u t h a v in g  gain ed  access to  th e  c ir
c u la t io n .
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E s w ird ü b e r  2 Fä lle  b e ric h te t, in  d en en  sich infolge von K a liu m b ich ro m a tv e rg if lu n g  
a k u te  N ieren insu ffizienz  en tw ickelte . N a ch  k u rzem  Ü berblick  d e r L i te r a tu r  w erden 
T oxikologie d e r V e rb in d u n g  sowie K lin ik o p a th o lo g ie  u n d  T herap ie  d e r  V e rg iftu n g  er
lä u te r t .  E ine d e r P a tie n tin n e n , bei de r a u ß e r  d e r V ergiftung a u ch  V e rb re n n u n g  (10%  
d e r K örpero b erfläch e) vo rlag , s ta rb . S ch ließ lich  w erden  die N o tw en d ig k e it d e r  stren g en  
B each tu n g  de r A rb e its sc h u tz m a ß n a h m e n  sow ie d e r sofortigen  e rsten  H ilfe  b e to n t .

Ü b er die C h ro m v erg iftu n g  h ab en  als e rs te  D u n c a n  [7] u n d  C u m i n  [4] 
b e r ic h te t ,  sp ä te r  e rsch ienen  m ehrere  A rb e ite n , in denen d u rc h  chron ische 
C hro m v erg iftu n g  v e ru rsa c h te  R achen- u n d  T onsillengeschw ür, N a se n se p tu m p e r
fo ra tio n  u n d  C hrom ekzem  besch rieben  w u rd e n  [1, 8, 12].

W ie d a ra u f  die v o n  F r i s t e d t  [10] u n d  F ritz  und  M ita rb . [11] m it
g e te ilten  F älle  sowie die K ra n k en g esch ich ten  u nserer P a tie n tin n e n  hinw eisen , 
k om m en  tro tz  d er ze itg em äß en  A rb e itssch u tzm aß n ah m en  a k u te  B ic h ro m a t-  
v e rg iftu n g en  — w egen U n a c h tsa m k e it bzw . infolge von S e lb stm o rd v ersu ch en  
— auch  h eu te  n och  v o r.

U n te r  den C h ro m v erb in d u n g en  s in d  vom  S ta n d p u n k t d e r  T o x iz itä t 
C h ro m o x y d  (Cr20 3) u n d  K a liu m b ic h ro m a t ( K 2C r20 7) am  g e fäh rlich s ten . F ü r  die 
to x isch e  W irk u n g  is t d e r sau re  u n d  s ta rk e  O x y d a tio n se ffek t d e r V e rb in d u n g en  
v e ra n tw o rtlic h  [14]. D ie le ta le  Dosis b e t r ä g t  1 — 2 g, doch lö st sch o n  0,5 g 
V e rg iftu n g ssy m p to m e aus [16, 18].

D ie h isto log ische  G rund lage  d e r a k u te n  B ich ro m a tv e rg if tu n g  is t die 
»nek ro tis ie ren d e  N ephrose«  [19]. W ä h re n d  im  In te rs ti t iu m  e n tz ü n d lic h e  I n 
f il tra tio n  und  eine a k u te  d iffuse V e rd ick u n g  des V as afferens in  E rsc h e in u n g  
t r e te n , is t in den p ro x im a len  T u b u li N ek ro se  ersich tlich  [15]; F r i t z  u n d  M it
a rb . [11] h a lte n  die V erän d eru n g en  d e r G lo m eru la  fü r c h a ra k te ris tisc h .

In  der L eber lassen  sich Z ellnekrose, K e rn sch ru m p fu n g , Z e llk e rn zerfa ll, 
p e rik ap illä res  ö d e m  u n d  H y p eräm ie  b e o b a c h te n  [17]. Im  G eh irn  e n tw ick e lte  
sich infolge d er d ire k te n  tox isch en  W irk u n g  M eningoenzephalitis  m it p e ri
v a sk u lä re r  In f il tra tio n .

D ie V erg iftung  k a n n  a k u t, su b a k u t o d e r ch ronisch  v e rlau fen .
D ie ak u te  V erg if tu n g  k an n  a u f v e rsch ied en e  W eise e n ts te h e n :
1. D urch  T rin k e n  e iner c h ro m h a ltig en  F lüssigke it [10, 18],
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2. du rch  E in a tm u n g  v o n  C hrom däm pfen  o d e r eines C h ro m p u lv ers  
[13, 18],

3. infolge von R e s o rp tio n  du rch  die H a u t  o d e r  S ch le im hau t [11].
D  e r K ra n k h e itsv e r la u f  bzw . die Schw ere d e r  k lin ischen  E rsch e in u n g s

fo rm  h ä n g e n  von dem  U m s ta n d , a u f  w elchem  W eg  d as G ift in  den O rgan ism us 
g e la n g te , sowie von d e r M enge  der re so rb ie rten  V e rb in d u n g  ab. A ngesich ts d e s 
sen , d a ß  k linische Z eichen  u n d  K ra n k h e itsv e r la u f  d e r  C hrom verg iftung , ebenso  
w ie  d ie  d e r S u b lim a tv e rg if tu n g , w o h lbekann t s in d , w ollen  w ir uns m it d iese r 
F ra g e  n u r  kurz befassen .

F a lls  das K a liu m b ic h ro m a t peroral in  d en  O rgan ism us gelang t, t r e te n  
b in n e n  k u rze r Zeit B a u ch sch m erzen , B rechreiz , E rb re c h e n , b lu tig  sch le im iger 
D u rc h fa ll  auf. D er p ro fu se  F lü ss ig k e itsv e rlu s t u n d  die d irek te  to x ische  W ir 
k u n g  des G iftes fü h ren  n ic h t  se lten  zu K o llaps, K re islau fin su ffiz ienz  u n d  T o d . 
F a lls  d e r  P a tie n t die e rs te n  10 S tunden  ü b e rle b t, b eh e rrsch en  das B ild  v o re rs t  
d ie  S y m p to m e  der L eb er- u n d  N ierenläsion (G e lb su c h t, H äm a tu rie , Z y lin d ru rie  
u sw .) , s p ä te r  en tw ickeln  s ich  O ligurie und  A n u rie  [2, 11, 13, 16].

N a c h  6 —10 T ag en  m e ld en  sich so m atisch e  R eflex stö ru n g en , P a rä s th e -  
sien  [2 ]; die nebst n o rm a le m  L iq u o rd ru ck  a u f tre te n d e n  ep ilep tiform en K rä m p fe  
fü h re n  m itu n te r  den T o d  d e r  K ra n k e n  herbei [16]. W eg en  der A nurie  k o m m t es 
z u r  E rh ö h u n g  des R e s ts tic k s to ffw e rte s  u n d  des Serum -K alium -S piegels, das 
E rb re c h e n  und  der D u rc h fa ll  können  E le k tro ly ts tö ru n g e n  zur Folge h a b e n . 
D ie  F ra g e , w elcher F a k to r  — die d irek te  to x isc h e  W irk u n g  des C hrom s, o d er 
d ie S tö ru n g  des E le k tro ly th a u s h a lts  — fü r die E n tw ic k lu n g  des b esch rieb en en  
S y n d ro m s  v e ran tw o rtlich  i s t ,  k o n n te  b isher n ic h t  g e k lä r t  w erden. D ie M u sk e l
sc h w ä c h e  bzw. die H e rz m u sk e le n ta r tu n g  h ä n g t n a c h  B e r g h a u s  [2] m it d e r  
d ir e k te n  tox ischen  W irk u n g  des Chrom s z u sam m en .

Im  B lu tb ild  lassen  s ic h , an n eh m b ar d u rch  d e n  hochgrad igen  F lü ss ig k e its 
v e r lu s t  h erbe igefüh rte  P o ly g lo b u lie  und  L e u k o z y to se  b eobach ten . N ach  d e r 
B e o b a c h tu n g  von B r i e g e r  [3] weisen die E rsc h e in u n g  einiger a ty p isc h e r  
Z e llty p e n  — Ju g e n d fo rm e n  usw . — u n d  d e r e rh ö h te  H äm og lob ingeha lt im  
B lu t  a u f  einen g if tb e d in g te n  K nochenm ark re iz  h in .

E rs teh ilfe -M aß n ah m en : D ie m it C hrom lösung  bzw . -pu lver d u rc h trä n k te  
K le id u n g  m uß u n m itte lb a r  e n tfe rn t  w erden, a u ß e rd e m  w ende m an so ra sch  w ie 
m ö g lich  ein n eu tra lis ie re n d es  B ad  an (40 g N a-C a-E D T A  au f 200 1 W asser). 
F a lls  es sich um  eine p e ro ra le  V erg iftung  h a n d e lt ,  s in d  sofortige M agenspü lung  
u n d  M u n d to ile tte  in d iz ie r t. C hirurgische M a ß n a h m e n : Zwecks V o rbeugung  d e r  
se k u n d ä re n  In fek tio n  m u ß  d ie  v e rb ran n te  O b e rflä c h e  m it einem , m it A n tib io 
t ik u m  d u rc h trä n k te n  G azestre ifen  bed eck t w e rd e n  (leider ko m m t es in  d en  
m e is te n  F ällen  n u r  s p ä t ,  d .h .  nachdem  das G ift b e re its  reso rb ie rt w u rd e , z u r  
W u n d en v erso rg u n g ). M ed ik am en tö se  B eh an d lu n g : die V erabfo lgung v o n  N a- 
C a-E D T A  (1 g/15 kg  K ö rp e rg e w ic h t täg lich  2 m al in  250 ml D ex trose in fusion ) 
u n d  D im ercap ro l h a b e n  s ich  g u t bew äh rt [14].

A c ta  M ed ica  Academ iae S c ie n tia ru m  H u n g a rica e  24, 1967



A K U T E  N I E R E N I N S U F F I Z I E N Z  N A C H  K A L I U M B I C H R O M A T V E R G I F T U N G 3 2 7

Falls sich n e b s t en tsp rech en d em  K re is la u f O ligurie  oder A nurie  en tw ik - 
k e lt , m uß der P a t ie n t  in  eine K u n s tn ie re n a b te ilu n g  eingeliefert w erd en . In  
bezug  au f die B e h a n d lu n g  d e r a k u te n  N ieren insu ffiz ienz  weisen w ir a u f  unsere  
vo ran g eh en d en  M itte ilu n g en  h in  [5 ,6 ,9 ] ;  in v o rlieg en d er A rb e it w ollen w ir led ig 
lich  den  U m stan d  h e rv o rh e b e n , daß  bei an u risch en  K ra n k e n  die f rü h e r an g e
w a n d te n  B eh an d lu n g sv e rfah ren  — W assers to ß , p a ra v e r te b ra le  P ro k a in b lo k - 
k a d e , D ia th erm ie  — ü b erflü ss ig  u n d  sogar g e fäh rlich  sin d , da sich die D iurese  
n u r  nach  W ied e rh e rs te llu n g  d er N ie ren fu n k tio n  in  G ang  se tz t.

F  alldarste llungen

Fall 1. F rau  J .  P ., eine 33 jäh rige  M olkereiangeste llte  w u rd e  2. X . 1961 von d e r I n 
fek tio n sab te ilu n g  e ines L an d e sk ra n k en h a u se s  an  die K u n s tn ie ren a b te ilu n g  u n se re r  K lin ik  
g e b rac h t. 9 Tage v o rh e r  b e g an n  P a tie n tin  einen S e lb s tm o rd v e rsu c h , indem  sie m it H ilfe 
e in e r 10 ml P ip e tte  eine u n b e k a n n te  M enge von  K a liu m b ich ro m a t tra n k . K u rz  d a n ac h  m eld e ten  
sich d iffuser B auch sch m erz  u n d  d ü n n e r, w ässeriger, so d an n  b lu tig e r S tu h l (P a tie n tin  n eg ie rte  
ih re  T a t ,  weshalb sie m it d e r V e rd ach tsd iag n o se  D y sen te rie  in  die In fek tio n sa b te ilu n g  au fg e
n om m en  w urde). Zu d en  a n g e fü h rten  S y m p to m en  gese llten  sich Schw indelgefüh l, s tra ffe r  
B auch  u n d  sich a u f  d a s  re ch tsse itig e  H y p o ch o n d riu m  lo k alis ie ren d e  Schm erzen . Zwei T age 
n ach  d e r V ergiftung t r a t  A n u rie  au f, P a tie n tin  v e rsp ü rte  D u rs t ,  d ie Z unge w ar tro ck en .

A u fnahm ebefund : M itte lm ä ß ig  en tw ickelte , g u t e rn ä h r te  P a tie n tin , H a u t  u n d  S ch leim 
h a u t  sind  b laß , am  lin k en  R ach e n b o g en  einige s teck n ad e lg ro ß e  A bszesse. D er B au ch  is t  w eich 
u n d  w eist keine p a th o lo g isch e  R esis ten z  au f; die N ieren  sin d  w eder p a lp ie rb a r, noch  d ru c k 
em p find lich . N e rv en sy stem : o. B.

R ön tg en b efu n d : A u f d e r L eerau fn ah m e sind  b e id e rse itig  b e trä ch tlic h  v e rg rö ß e rte  
N ie ren sc h a tte n  ersich tlich .

L ab o ra to riu m sb e fu n d e : R e sts tic k s to ff: 245 m g % , N a : 137 m A q/1 , K : 4,5 m Ä q/1 , CI: 
98 m Ä q/1 , E ry th ro z y te n z a h l 4 500 000, L eu k o zy ten zah l: 11 800, G esam teiw eiß  im  S erum : 
6»5g% , S erum bilirub in : 6 m g % , T h y m o l: 8 E , H a rn b e fu n d : spez. G ew ich t: 1012, sau e re  R e a k 
tio n , E iw eiß: m äßige O paleszen z , S ed im en t: 15 — 20 L eu k o z y te n , 2 — 3 E ry th ro z y te n , E p ith e l
zellen , K rista lle .

D a P a tie n tin  am  3. T ag  n ach  der A ufnahm e noch a n u risch  is t (50 — 60 m l H arn /T ag , 
R e s ts tic k s to ff  285 m g % ) w ird  e ine  4stü n d ig e  H äm odia lyse  v o rg en o m m en ; ansch ließend  b e trä g t  
d e r R ests tick s to ffw ert 65 m g % , am  fo lgenden  T ag is t  ein 2 4 stu n d e n  H a rn w ert v o n  260 m l zu 
verze ichnen . Am 3., 4. u n d  5. T ag  n ach  der H äm odia lyse  e n tle e r t  P a tie n tin  760, 920, 1300 ml 
H a rn  (spez. G ew icht 1006 1010, R ests tick sto ffw ert 130 m g % ). E in e  W oche n ach  de r A uf
n ah m e  m ach t die täg lich e  H a rn m en g e  1600 m l aus. Von d iesem  Z e itp u n k t an  beg an n  sich de r 
Z u s ta n d  stü rm isch  zu b esse rn ; 21. X . 1961 k o n n te  P a tie n tin  geh eilt en tla ssen  w erden  (L a b o ra 
to riu m sb e fu n d e: R e s ts tic k s to ff : 52 m g % , N a: 139 m Äq/1, K : 4,7 m Ä q/1, CI: 114 m Ä q/1 , 
G esam te iw eißgehalt im  S eru m : 7 g % , H arn sed im en t: 6 — 8 L eu k o z y te n , E p ith e lze llen , spez. 
G ew ich t: 1012, K re a tin in -C le a ra n ce : 19 m l/m in , L eu k o z y te n z ah l 9 000, E ry th ro z y te n z a h l 
3 600 000, die perorale  F lü ss ig k e itsau fn a h m e  s te h t im  G leichgew ich t zu r E n tlee ru n g ).

F all 2. F ra u  L. B ., e ine  56 jäh rige , in  einem  V erch ro m u n g sb e trie b  tä tig e  A rb e ite rin  
w u rd e  2. IV. 1962 in  u rä m isc h em  Z u stan d  an  unsere  A b te ilu n g  aufgenom m en. A m  23. I I I .  
t r a t  sie zufällig in ein  350 g/1 C hrom  -f- 0 ,6%  S tro n tiu m su lp h a t e n th a lte n d e n  B o ttic h  ein. 
W egen de r e rlitten en  B ra n d v e rle tz u n g e n  (an  dem  sich bis zu  den K n ien  e rs treck en d en  A b 
sc h n itt  de r beiden u n te re n  E x tre m itä te n  zu 1.0% B ra n d w u n d e n  zw eiten  G rades, zu 2 %  V e r
b re n n u n g en  ersten  G rades u n d  zu 4 %  V erb ren n u n g en  d r i t te n  G rades) w urde  sie in  ein  K ra n k e n 
h au s fü r  B ran d v erle tz te  e ing e lie fert. Die w ich tigsten  S y m p to m e  w aren  Som nolenz, häu fig es 
E rb rec h en , D urchfall, s tra f fe r  in e teo ris tisch er B auch  u n d  n a ch  drei T ag en  A nurie. B lu td ru c k : 
111/75 m m H g, P u lsfreq u en z  90 /m in . N ach  V ersorgung  de r B ra n d v e rle tz u n g en  w u rd e  P a tie n tin  
in  d ie V erg iftu n g sab te ilu n g  ü b e rg e lie fe rt. Die A nurie  b e s tan d  a u ch  w e ite rh in : P a tie n tin  e rh ie lt 
2 m l D im ercapro l, 300 m l 10% ige  N a-th io su lfa tlö su n g  sow ie täg lich  1 Million E  Pen icillin . 
W egen des sich s te ts  v e rsch le ch te rn d en  u räm ischen  Z u s tan d e s  w urde  P a tie n tin  an  un se re  
K u n s tn ie ren a b te ilu n g  g e b ra c h t.
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A u fn ah m eb efu n d : M itte lm ä ß ig  en tw ick elte , g u t e rn ä h rte  P a tie n tin ,  H a u t  n o rm al; 
Z u n g e , Z ahnfle isch  und  M u n d sch le im h a u t sind  tro ck e n  u n d  b e leg t; sich v o rw ö lb en d er, e tw as 
s t r a f fe r  B a u ch , keine p a th o lo g isch e  R esis ten z ; N erv en sy stem : о. B .; P u ls fre q u e n z : 90/m in, 
B lu td ru c k :  135/90 m m H g ; d ie N ie ren  sind  n ic h t p a lp ie rb a r  a b e r d ru ck em p fin d lich .

L a b o ra to riu m sw e rte : R e s ts tic k s to ff :  266 m g % , N a: 136 m Ä q/1 , CI: 98 m Ä q/1 , K : 9 
m Ä q /1 , E ry th ro z y te n z a h l 4 000 000, L eu k o z y te n z ah l 15 000, S e ru m -G esam teiw eiß : 6,5 g % , 
H ä m a to k r i tw e r t :  4 0% , H a rn : spez. G ew ich t 1012, E iw eiß : m äß ige  O paleszenz, sa u re  R eak tio n , 
S e d im e n t:  2 0 —25 L eu k o zy ten , 30 — 40 E ry th ro z y te n , E p ith e lze llen , K ris ta lle .

A m  n ä ch s ten  T ag  w u rd e n  d ie  V o rb e re itu n g en  zu r H äm o d ia ly se  g e tro ffen ; w ä h ren d  der 
V e n e n p rä p a r ie ru n g  fiel de r B lu td ru c k  p lö tz lich  ab , eine B lu ttra n sfu s io n  b e w irk te  jed o c h  die 
N o rm a lis ie ru n g  des K re islau fs. A m  E n d e  de r 4 s tü n d ig en  u n g e s tö r te n  H ä m o d ia ly se  gerie t 
P a t ie n t in  w ieder in  Schock, d o ch  k o n n te  die T en sio n  d u rc h  T ran sfu s io n  u n d  N o ra d ren a lin  
n o rm a lis ie r t  w erden. 5 — 6 S tu n d e n  n a ch  d e r K u n s tn ie ren b e h an d lu n g  m e ld e te n  sich  aberm als 
B lu td ru c k v e rm in d e ru n g  u n d  L u n g en ö d em . 4. IV . k a m  es z u r  V ersch lech te ru n g  des Z u stan d es, 
P a t ie n t in  v e rlo r das B ew u ß tse in  u n d  s ta rb  sch ließ lich  an  L ungenödem .

S ek tio n sb efu n d : D ie  s ta rk  angeschw ollenen , m it e in e r s tra ffen  K a p se l um g eb en en  
N ie re n  w iegen  je  200 g. D ie S t r u k tu r  de r angeschw ollenen , lehm gelben  R in d e n su b s ta n z  is t  
v e rsch w o m m e n , die S c h n ittf lä c h e  w ö lb t sich  vo r, d ie  G renze de r R in d en - u n d  M ark su b s ta n z  
i s t  e b en fa lls  verschw om m en. In  d e r  M a rk su b s ta n z  ste llenw eise  s tre ifen artig e , im  N ie ren b eck en  
p u n k ta r t ig e  Suffusionen. M ikroskop isches B ild : D ie  ste llenw eise  ly m p h o z y tä re  In f i lt ra t io n e n  
au fw e ise n d e  N ierenkapsel is t  m äß ig  v e rd ic k t. D ie G lo m eru la  sind  v o n  v e rsch ie d en e r G röße, 
im  a llg em e in en  e tw as v e rg rö ß e r t;  in  den Z ellkernen  des p a r ie ta len  B la t ts  de r BowM ANschen 
K a p se l  e tw as  b lässere K e rn fä rb u n g . D ie Z ellkerne d e r gew un d en en  K an ä lch en  s in d  angeschw ol
len , s te llen w eise  is t  keine  K e rn fä rb u n g  zu  b e o b ac h te n , d ie F ä rb u n g  de r E p ith e lz e llen  is t  h o 
m o g en  (N ekrose); im  L u m en  d e r  E p ith e lze llen  b e f in d e t sich eine m it H ä m a to x y lin -E o sin  
ro sa  fä rb e n d e  S ub stan z  (a n n e h m b a r  p rä z ip itie rte s  E iw eiß ). I n  de r U m gebung  d e r  gew undenen  
K a n ä lc h e n  in tensive  run d zeilig e  In f i l t r a t io n . Die W a n d  d e r V asa a ffe re n tia  is t  e tw as  v e rd ic k t 
D a s  G e h irn  is t m äßig  ö d em atö s.

B esprechung

D a s  m ikroskop ische B ild  der sez ie rten  N iere  u nserer v e rs to rb e n e n  K ra n 
k e n  ze ig te  vo rn eh m lich  T u b u lu sv e rä n d e ru n g en . D ie a k u te  A n u rie  en tw icke lte  
s ich  in  beiden  F ä llen  in  d em  a u f  die V e rg iftu n g  fo lgenden  e rs te n  48 S tu n d en . 
D ie  H e ilu n g  der e rs ten  P a t ie n t in  w a r den  U m stä n d e n  zu  v e rd a n k e n , d aß  sich 
e in  gew isser A nteil des G iftes  m it dem  E rb ro c h e n e n  e n tfe rn te  — d. li., daß  n u r 
e in e  geringe  M enge re so rb ie r t  w urde  — u n d  d aß  die K ran k e  re c h tz e itig  in  ein 
K ra n k e n h a u s  bzw . in  die K u n s tn ie re n a b te ilu n g  g eb rach t w urde .

B ei der zw eiten  P a t ie n t in  gesellte  sich  zu r a k u te n  V erg if tu n g  eine V er
b re n n u n g , die sich a u f  10%  d e r K ö rp e ro b e rfläch e  e rs treck te . In  d en  m it V er
b re n n u n g  oder a n d e ren  m it G ew ebezerfall e inh erg eh en d en  P ro zessen  is t der 
K ra n k h e its v e r la u f  sch w erer u n d  die M o r ta li tä t  höher, als in  den  F ä llen , in 
d e n e n  es sich u m  eine p e ro ra le  V erg iftu n g  h a n d e lt  [11, 16].

D ie  V erg iftung  e rfo lg te  in  be id en  F ä lle n  in  einem  B e trie b . Im  In te resse  
d e r  P ro p h y la x e  h a lte n  w ir  die s tren g e  B e a c h tu n g  der A rb e its sc h u tz m a ß 
n a h m e n , die A u fk lä ru n g  d e r  A rb e ite r  in  b ezug  a u f  die to x isch e  W irk u n g  des 
K a liu m b ic h ro m a ts  sow ie — im  F a lle  e in er V e rg iftu n g  — die u n m itte lb a re  A n
w e n d u n g  fachgem äßer E rs te h ilfe -M a ß n ah m e n  fü r  erfo rderlich .

О  Ö
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AKUTE NIERENINSUFFIZIENZ NACH 
DICHLORÄTHANVERGIFTUNG

B E R IC H T  A N H A N D  E IN E S  G E H E IL T E N  F A L L E S

Von

S. Cs a t a , F . Ga l l y a s , D . F r a n g  und M. T óth

U RO LO G ISCH E K L IN IK  (D IR E K T O R : P R O F . D R. A. BABICS)
D E R  M ED IZIN ISCH EN  U N IV ER SITÄ T BU DA PEST

(E ingegangen  am  20. A pril 1967)

Im  Z u sam m en h an g  m it einem  geheilten  F a ll, in d e m  sich n ach  D ich lo rä th an v e r-  
g iftung  a k u te  N ieren insu ffiz ienz  en tw ick elte , w erd en  die T oxiko log ie  des G iftes und  
die K lin ik o p a th o lo g ie  d e r V erg iftung  e rö rte r t.  E s  w ird  e rw äh n t, d a ß  in d e r zugänglichen 
L ite ra tu r  k e in , d u rc h  K u n s tn ie ren b e h an d lu n g  g e h e ilte r  F a ll v o rzu fin d en  w ar.

D ie D ic h lo rä th a n v e rg if tu n g  zäh lt zu den  se lteneren  Y erg iftu n g sty p en . 
W äh ren d  die das M a te ria l d er großen K u n s tn ie re n a b te ilu n g en  um fassenden  
M onographien  [17, 18] lediglich H inw eisungen  e n th a lte n , f in d en  sich in der 
W e ltl i te ra tu r  n u r  ein ige M itte ilungen , in  d en en  ü b er V erg iftu n g en  zum eist 
tö d lich en  A usgangs b e r ic h te t  w ird  [1, 7, 12, 15]. B e k a n n t sind  a b e r V erg iftu n 
gen  infolge der E in a tm u n g  von  S u b stan zen  die gech lo rten  K o h le n s to ff  e n th a lte n  
(g lue sniffing); d iese k ö n n en  m anchm al au c h  schw er sein ( Ik te ru s , usw .), es 
w erd en  ab er keine N ie ren erk ran k u n g en  (a k u te  N ieren insuffiz ienz) e rw äh n t.
[19, 20].

A n der K u n s tn ie re n a b te ilu n g  u nserer K lin ik  b e h an d e lten  w ir einen P a 
tie n te n , bei dem  die D ic h lo rä th a n v e rg if tu n g  a k u te  N ieren insuffiz ienz  h erbe i
fü h rte . A ngesich ts d e r T a tsa c h e , daß  P a tie n t  t ro tz  E in n ah m e  e iner töd lichen  
D osis erfolgreich b e h a n d e lt  w erden  k o n n te , sch ien  die E rö r te ru n g  d er K ra n k e n 
gesch ich te , fe rn e r d e r  K lin ikopa tho log ie  u n d  T h erap ie  der V e rg iftu n g  fü r  an- 
gezeigt.

D as au sgezeichnete  Lösungs- u n d  E x tra h ie rm itte l ,  D ic lilo rä th a n , eines der 
w irk sam sten  h a lo g en ie rten  K o h lenw assersto ffe  [2], is t eine fa rb lo se , e igenartig  
riechende F lü ss ig k e it, d ie w egen ih rer h e rv o rrag en d en  E ig en sch a ften  in  der 
G um m i-, o rgan ischen  u n d  K u n s ts to ff in d u s tr ie  eine w eitg eh en d e  A nw endung 
f in d e t (von h is to risch em  S ta n d p u n k t aus w äre  v ie lle ich t au ch  d er U m stan d  
von  In te resse , d aß  D ic h lo rä th a n  im v e rg an g en en  J a h rh u n d e r t  als N ark o se 
m itte l  an g ew an d t w u rd e  [14].)

D ie V erg iftu n g  ere ig n e t sich zum eist infolge eines ak z id en te llen  bzw. 
B etrieb su n fa lls , m an ch m al w ird  D ich lo rä th an  m it A lkohol v e rw ech se lt oder 
von  G e is tesk ranken  g e tru n k e n  [7, 13, 14].
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D ie  le ta le  Dosis b e tr ä g t  20  m l [7, 11].
D ic h lo rä th a n  k a n n  in  d e n  O rgan ism us a u f  zw eierlei W ege gelangen :
1. D u rc h  E in a tm u n g  d e r  D äm pfe .
2 . D u rch  T rinken  d e r F lü ss ig k e it.
ad 1. D ie E in a tm u n g  d e r  D äm pfe  h a t  z u e rs t S chw indelgefühl, K o p f

sc h m e rz e n  sodann B rechre iz  u n d  E rb rech en  — e v en tu e ll H äm a tem ese  — zu r 
F o lg e ; d em n ach  m elden s ic h , in  m anchen  F ä llen  so g ar tag e lan g  a n h a lte n d e  
B au ch sch m erzen .

ad 2. Das T rin k en  des G ifte s  lö st m it B rech re iz  u n d  E rb re c h e n  e in h e r
g e h e n d e  K reislauf- u n d  A te m s tö ru n g e n  (K o llaps, T a c h y k a rd ie , Z yanose) aus, 
in  sc h w e re n  Fällen  t r if f t  d e r  T o d  in  den  e rs ten  72 S tu n d e n  ein.

N a c h  einigen V erfasse rn  s in d  die k lin ischen  (K o llap s, T a c h y k a rd ie , Z y a 
nose) u n d  patho log ischen  (L u n g e n s ta u u n g , L u n g en ö d em , N ie ren sch äd ig u n g , 
A lb u m in u r ie  bzw. in sch w ere ren  F ä llen  O ligo-A nurie, L eb ersch äd ig u n g , H ä m o 
lyse) S y m p to m e  der V e rg if tu n g  u n ab h än g ig  d av o n , a u f  w elchem  W eg d as G ift 
in  d e n  O rgan ism us g e lan g t [1, 6 , 8, 9, 10, 15]. D e r p a th o h is to lo g isch e  B efu n d  
z e ig t N ieren h y p eräm ie , d ie  V e rd ic k u n g  d er g lo m eru lä ren  B asa lm em b ran , fe t- 
t ig -v a k u o lä re  D egenera tion , P y k n o se  u n d  K ary o ly se  in  den  Zellen d e r  p ro x i
m a le n  K an ä lch en  sowie b la sse  F ä rb u n g  der T u b u lu sze llen . I n  den  T u b u li t r e te n  
P ig m e n te  u n d  H y a lin z y lin d e r in  E rsche inung . D iese E rsch e in u n g en  w u rd en  
a u c h  ex p erim en te ll b e s tä t ig t  [4 , 5, 6].

B e i a k u te r  V e rg iftu n g  s in d  sofortige M agenspü lung , V erab fo lgung  von  
a k t iv e r  K o h le  sowie — zw ecks V orbeugung  d er K re is lau fs tö ru n g  u n d  des p ro 
fu se n  E rb rech en s  bzw. D u rc h fa lls  — In fusion  oder ev en tu e ll T ran sfu s io n  e rfo r
d e r lic h . A n h an d  k lin isch er u n d  tie re x p e rim en te lle r  E rgebn isse  w erd en  als 
K a u s a lth e ra p ie  v o rn eh m lich  S H -h a ltig e  V e rb in d u n g e n  (M eth ion in , D im er- 
c a p ro l, usw .) em pfohlen [6, 8 ] .  N ach  H u e p e r  u n d  S mith  [8] h a t  sich  auch  
1 -Z y stin  g u t  bew ährt.

F a lls  der P a tie n t die e r s te n  3 T age ü b e rle b t u n d  n e b s t in ta k te m  K re is la u f 
s ich  A n u r ie  bzw. U räm ie  e n tw ic k e lt , is t die Ü b erlie fe ru n g  in  eine K u n s tn ie re n 
a b te i lu n g  erforderlich , d a  d a s  L eb en  des K ran k en  in  d ieser P eriode au c h  du rch  
d ie  in fo lg e  des h o ch g rad ig en  Z ellzerfalls e n ts ta n d e n e  H y p e rk a liäm ie  g e fäh r
d e t  w ird .

F  a lldarste llung

Sz. A . D er 20jährige P a t i e n t  w u rd e  28. 8. 1961 v o n  de r in te rn is tisch e n  A b te ilu n g  eines 
K ra n k e n h a u s e s  an  die K u n s tn ie re n a b te i lu n g  u n se rer K lin ik  g e b rac h t. W ich tigere  a n a m n e s ti
sc h e  D a te n :  A m  23. 8. t r a n k  P a t i e n t  wegen der E u p h o rie  v e ru rsac h e n d en  W irk u n g  d e r V er
b in d u n g  SO — 60 ml D ic h lo rä th a n . N o c h  am  selben N a c h m itta g  m eld e te  er sich w egen  B rech
re iz , E rb re c h e n , Schw äche- u n d  S chw in d e lg e fü h l beim  A rz t. A m  fo lgenden  T ag  t r a t e n  A nurie  
{ T ag esh a rn m en g e  80 m l) u n d  I k t e r u s  auf.

A u fn ah m eb e fu n d : M itte lm ä ß ig  en tw ick elte r u n d  e rn ä h r te r  P a tie n t ,  gelb liche Skleren; 
d if fu s  d ru ck em p fin d lich er B a u c h , d ie  T eher ü b e rra g t d en  R ip p en b o g en  um  2 Q uerfinger.
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N e rv en sy stem : Isokorie , g u te  R eflexe der ru n d e n  P u p illen , le ich te  H y p erreflex ie . D ie  N ieren  
s in d  n ic h t  p a lp ie rb a r, die linke N iere is t d ru ck em p fin d lich .

L ab o ra to riu m sb e fu n d e : E ry th ro z y te n z a h l:  4 200 000, L eukozy ten  zah l 10 200, B lu t
sen k u n g : 3 m m /S tu n d e , R ests tick sto ff: 185 m g % , N a : 130 m Ä q/1 , CI: 101 m Ä q/1 , K : 6,5 m Ä q/1 , 
T h y m o l: 2 E , S eru m b iliru b in : 3 m g % , in d ire k te  R e a k tio n ; H a rn : spez. G ew ich t: 1010, Sedi
m e n t:  40 — 50 zerfa llene L eu k o zy ten , 10 — 15 E ry th ro z y te n , 2 — 4 E p ith e lze llen , v iele  Zell
trü m m e r .

A m  a u f  die A ufnahm e folgenden T ag , w u rd e  w egen de r w eiteren  E rh ö h u n g  des R e s t
s tick s to ffw ertes  (214 m g % ) eine 4stü n d ig e  H ä m o d ia ly se  d u rch g efü h rt, w o ra u f d e r  R e s ts tic k 
s to ffw e rt a u f  75 m g %  sank . W egen de r a u ch  w e ite rh in  b esteh en d en  A nurie  w u rd e  d ie D ialyse 
am  4. T ag  w ied erh o lt (R e sts tick s to ffw ert n a ch  d e r  D ia lyse: 80 m g% ).

D ie  G esta ltu n g  des R ests tick sto ffw erte s  u n d  des H arn b efu n d es v e ra n sc h a u lic h t A b
b ild u n g  1.

Abb. 1

V on diesem  Z e itp u n k t an  b eg an n  sich d e r Z u s ta n d  des P a tie n te n  s tu fenw eise  zu  bessern , 
so d a ß  e r am  23. T ag  nach  de r A u fn ah m e, zw ecks w e ite rer B eh an d lu n g  in  d a s  ü b e rm it
te ln d e  K ra n k e n h a u s  zu rückgelie fert w erden  k o n n te  (L ab o ra to riu m sb e fu n d e : R e s ts tic k s to ff : 
24 m g % , N a: 137 m Ä q/1 , K : 4,5 m Ä q/1 , CI: 97 m Ä q /1 , S e ru m b iliru b in : 1,9 m g % , T h y m o l: 
4 E , K rea tin in -C lea ran ce : 47 m l/m in ; H a rn b e fu n d : S ed im en t: 6 — 8 L eu k o z y te n , E p ith e l
zellen , K ris ta lle , spez. G ew icht: 1010).

Besprechung;

B ei dem  P a tie n te n  m elde ten  sich u n m itte lb a r  n ach  der V e rg if tu n g , d .h . 
n a c h d e m  e r e tw a das D reifache d e r tö d lic h e n  D osis tra n k , die S y m p to m e  der 
a k u te n  V erg iftu n g .

U n te r  den  v e rg iftu n g sb ed in g ten  O rgansch äd ig u n g en  w ar die a k u te  N ie
ren in su ffiz ien z  die schw erw iegendste  K o m p lik a tio n . Zwecks B e k äm p fu n g  dieses 
Z u s ta n d e s  w u rd e  K o m p lex b eh an d lu n g  (en tsp rech en d e  F lüssigkeits- u n d  E le k 
tro ly tz u fu h r , A n tib io tik a , anabo lisches H o rm o n , V itam ine) u n d  in  d e r  oligo- 
an u risc h e n  P h ase  zw eim alige H ä m o d ia ly se  a n g e w a n d t. U nseres E ra c h te n s  
fö rd e r te  diese le tz te rw ä h n te  ak tiv e  M aß n ah m e die H eilu n g  des P a t ie n te n  in 
b ed e u te n d e m  M aße.
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MESSUNG DER PORTALEN TENSION 
MIT REKTALEM RADIO JODVERFAHREN

Von

S. F a z a k a s , T . J ávo r  und G y . P e t r á n y i

I I . M ED IZ IN ISC H E  KLIN IK. (D IR E K T O R : P R O F . D R. GY. PETR Ä N Y I)
D E R  M ED IZIN ISCH EN  U N IV E R S IT Ä T  D EBRECEN

(E ingegangen  am  8. M ai 1967)

Die H a lb ie ru n g sze it von in die re k ta le  S ubm ukosa  e iu g e fü h rtem  131J  w urde 
b e s tim m t. Bei K ra n k e n  m it n o rm aler L e b e rfu n k tio n  w ar der D u rc h sc h n ittsw e rt 5,5 i  
0,49 m in , bei P a t ie n te n  m it p a th o lo g isch er L eb e rfu n k tio n  13,7 ±  2,65 m in . D ie Me
th o d e  schein t zum  in d ire k ten  N achw eis d e r  p o r ta le n  H y p e rten sio n  g ee ig n et zu  sein.

D a die zum  N achw eis der p o rta le n  H y p e rte n s io n  beim  M enschen  d ienen 
den  d ire k te n  M ethoden  u m stän d lich  u n d  g e fäh rlich  sind , die in d ire k te n  V er
fah ren  dagegen keine g en au en  E rgebn isse  lie fe rn , se tz ten  w ir u ns d a s  Ziel, eine 
neue, fü r  k lin ische Z w ecke zah lenm äß ig  en tsp rech en d e  R e su lta te  ergebende 
M ethode au sz u a rb e iten . U n se rV e rfa h re n  b e ru h t  a u f der Z ufuh r v o n  131J  du rch  
die re k ta le  S ubm ukosa .

In  d e r L eb e rd iag n o stik  finden  die R ad io iso to p e  ■— m it R a d io jo d  m a r
k ie rtes  B en g a lro t [1, 2 ], d e n a tu r ie r te  E iw eißsuspension  [3, 4 , 5 ], ko llo idales 
R ad io g o ld  [6, 7] zw ecks T um ornachw eis — eine  w eitgehende A n w en d u n g . D as 
Ziel u n se re r  U n te rsu ch u n g en  w ar die R e g is tr ie ru n g  der p o rta len  H y p e rte n s io n  
im F rü h s ta d iu m  bzw . w äh ren d  d er P ro g ressio n  des Prozesses, da  d iese  V erän 
d e ru n g  b e k an n tlich  als eines d er g ru n d leg en d en  d iagnostischen  K rite r ie n  der 
L eb erz irrh o se  gilt. D ie b e k a n n te s te n  d er zu  d iesem  Zweck d ien en d en  M ethoden  
sind  die S p len o p o rto g rap h ie , D ru ckm essung  an läß lich  M ilzp u n k tio n , B estim 
m u n g  des O k k lu sio n sd ru ck s der V. h e p a tic a , duodenale  Iso to p - u n d  Ä th e ra b 
so rb tio n su n te rsu ch u n g en .

U nsere  M ethode is t eine M odifika tion  des FATEJEWAschen V erfah ren s  [8], 
hei dem  oberhalb  d e r L eb e r die A bso rp tio n  des m itte ls  einer S onde in  das R ek 
tu m  e in g efü h rten  ra d io a k tiv e n  Jo d s  u n te r s u c h t  w ird. U nseren  N a c h u n te r 
su ch u n g en  gem äß zeigen die E rgebnisse  dieses V erfahrens eine zu  g ro ß e  S tre u 
ung . Zw ecks S ta n d a rd is ie ru n g  d er U n te rsu ch u n g sv e rh ä ltn isse  u n d  E lim in ie 
ru n g  d e r F eh le rm ö g lich k e iten  h ab en  w ir d ie  fo lgende M ethode a u sg e a rb e ite t.

M ethodik

Zwei T age vor d e r U n te rsu ch u n g  w urde zw ecks B lock ierung  der S ch ildd rüse  L ugollösung  
v e rab fo lg t. Bei der U n te rsu c h u n g  w urde ein R e k to sk o p  10 cm tie f  e in g e fü h rt, so d a n n  nach  
R e in ig u n g  d e r S ch le im h au t m it A lkohol, m itte ls  e in e r lan g en  su b k u ta n en  N ad e l in  0,5 ml 
F lü ss ig k e it gelöstes 50 //g K 13,J  von 20 — 30 //C in  d ie S u b m u k o sa  e in g esp ritz t. Z w ecks K om pri-
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m ie ru n g  d e r  su b m u k ö sen  V enen, d u rc h  d ie das B lu t d u rc h  d e n  u n te re n  h äm o rrh o id a len  P le x u s  
in  d e n  sy s te m isch e n  K re is lau f g e la n g t, w u rd e  10 cm  u n te r  d ie  In jek tio n ss te lle  ein  B a llo n  e in 
g e fü h rt  u n d  bis 40 H gm m  D ru ck  m it  L u f t  aufgefü llt. D a n a c h  w u rd e  die V e rm in d e ru n g  d e r 
R a d io a k t iv i t ä t  bzw. das T em po d e r  A bso rp tio n  m it e in em  k o n ta k te n  S z in tilla tio n szäh le r  
sa k ra l,  d e r  In jek tio n ss te lle  e n tsp re c h e n d  gem essen. D ie M essungsperiode  b e tru g  30 M in u ten . 
D ie  e r m i t te l te n  E rgebnisse  w u rd e n  in  e inem  S e m ilo g a rith m en sy stem  darg este llt, z u r  C h a ra k 
te r is ie ru n g  d e r  e rm itte lte n  e x p o n en tie llen  K u rv en  d ien te  d ie  H a lb w ertsze it.

Ergebnisse

1. M it dem  FATEJEWAschen V erfah ren  e rh ie lte n  w ir die fo lgenden R e su l
t a t e .  I n  e n tsp rech en d er W eise v o rb e re ite ten  K ra n k e n  w urde  in  den  m itt le re n  
M a s td a rm a b s c h n it t  in  F o rm  eines M ikrok listiers 30 /лС trägerfreies 131J v e r 
a b fo lg t, so d a n n  w urde  die A k tiv i tä t  m it e inem  10 cm  ü b e r der L eb er an g e 
b r a c h te n  S z in tillo g rap h  1 S tu n d e  h in d u rch  3 m in ü tlic h  re g is trie rt. N a c h  E r 
re c h n u n g  d e r R eg ressio n sk u rv en  w urde  d er A k tiv itä ts a n s tie g  bzw . das M aß 
d e r A b so rp tio n  m it H ilfe des R egressionskoeffiz ien ten  der K u rv e  c h a ra k te 
r is ie r t .

D ie  22 K ran k en , be i d en en  diese U n te rsu c h u n g e n  d u rch g efü h rt w u rd e n , 
h a b e n  w ir  v o n  zw eierlei G esich tsp u n k ten  aus in  m eh rere  G ruppen  e in g e te ilt. 
D en  e rm itte l te n  E rg eb n issen  en tsp rech en d  — die zw ischen 1,22 u n d  16,19 
s c h w a n k te n  — w urden  4 G ru p p e n  au fgeste llt: G ru p p e  I  =  W erte  ü b e r  10, 
G ru p p e  I I  =  W erte  zw ischen 7 u n d  10, G ruppe  I I I  =  W erte  zw ischen 4 u n d  7, 
G ru p p e  IV  =  W erte  u n te r  4 (T ab . I). D ie zw eite  G ru p p ie ru n g  erfo lg te a n h a n d  
d e r k lin isc h e n  A ngaben : In  d ie e rs te  G ruppe re ih te n  w ir diejenigen P a tie n te n , 
b e i d e n e n  a u f  G ru n d  k lin isch er u n d  L a b o ra to riu m sb e fu n d e  eine L e b e rk ra n k h e it 
a n z u n e h m e n  w ar, in  die zw e ite  G ruppe w u rd en  die K ran k en  e in g e te ilt, be i 
d e n e n  m it  H ilfe d er e rw ä h n te n  U n te rsu ch u n g en  d ie  p o rta le  H y p e rte n s io n  a u s 
z u sc h lie ß e n  w ar. D ie G eg en überste llung  d er be i d en  versch iedenen  G ru p p e n  
e rm it te l te n  R e su lta te  v e ra n sc h a u lich t T abelle I I .

W ie  d a ra u f  die A n g ab en  d er T abelle I  h inw eisen , k o n n te  die p o r ta le  
H y p e r te n s io n  bei säm tlich en  zu r ersten  G ru p p e  (den  R egressionskoeffiz ien t
w e r te n  gem äß) gehörenden  K ra n k e n  ausgeschlossen  w erden ; in  d er zw eiten

Tabelle I

G r u p p ie r u n g  der u n te r s u c h te n  K r a n k e n  d e n  e r m i t te l te n  E r g e b n is s e n  
b zw . d e r  L e b e r fu n k t io n  e n ts p r e c h e n d

Gruppen

Anzahl der Fälle

Portale H ypertension

möglich J ausgeschlossen

I. 3

и . 1 2

u i . 5 3

IV. 8
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G ru p p e  w ar die V erän d eru n g  in  1 F a ll anzunehm en  u n d  in  2 auszuschließen; 
in  d e r d r it te n  G ru p p e  k o n n te n  in  d ie  R u b rik  »portale  H y p e r te n s io n  ausge
schlossen« 3 K ra n k e n  g ere ih t w erd en , w äh ren d  2 P a tie n te n  a n  A szites litten  
u n d  in  w eiteren  3 F ä llen  a n h a n d  d e r k lin ischen  D aten  die V erd ach tsd iag n o se  
e in e r  L e b e rk ra n k h e it b e s ta n d ; be i säm tlich en  zu r v ie rten  G ru p p e  gehörenden 
8 K ra n k e n  b e s ta n d  die M öglichkeit d e r p o rta le n  H y p e rten s io n , 3 d ieser P a tie n 
te n  w u rd en  sogar w egen A szites a u f  u n se re  K lin ik  au fg en o m m en .

2. M it u n se re r  M ethode w u rd en  18 K ran k en  u n te rs u c h t;  I n  11 Fällen 
h a n d e lte  es sich u m  L eb erk ran k e , be i denen  eine p o rta le  H y p e r te n s io n  anzu
n eh m en  w ar, bei 7 P erso n en  w ar d ie L eb erfu n k tio n  k lin isch  n o rm a l. W ährend  
sich d ie  H a lb w ertsze it in  der N o rm a lg ru p p e  von 3,0 b is 8 ,0  m in . e rstreck te , 
w a re n  in  der G ru p p e  d er L e b e rk ra n k en  in  3 Fällen  H a lb ie ru n g sw e rte  u n te r  8 
m in  u n d  in 8 F ä llen  W erte  ü b e r 8 m in  zu  verzeichnen  (T ab . I I ) .

T abelle  I I

H albwertszeit ( i n  M in u ten )

P atien ten  m it pathologischer 
Leberfunktion

P atienten  m it norm aler 
Leberfunktion

Л .Т . 14,5

P .  s . 9 ,2

J .  N. 9,2

A. K. 27,0

S. K. 34,0

M. Z. 6,7

S. E . 12,4

w . v . 4 ,5

Z. K . 7,6

B. s. 15,4

M. P. 11,0

F . T. 4,4

B. N. V. 5,8

S. N. 7,0

M. J . 5,6

L. F . 3,0

L. C. 4,8

S. B. 8,0

Sum m ierung

D u rchschn ittliche  H a lb w ertsze it bei

P a tie n te n  m it norm aler L eb e rfu n k tio n  5,5 ± 0 ,4 9

P a tie n te n  m it pa tho log ischer L eb erfu n k tio n  13,7 ± 2 ,6 5

M it dem  t-T est berech n et is t  d e r  U ntersch ied  zwischen d en  

beiden  G ruppen  s ig n ifik an t: 0 ,0 5 >  P  > 0 ,0 2 .

B esprechung

D ie m eh r oder m in d e r d ire k te n  M eth o d en , die zum  N ach w eis  d e r po rta len  
H y p e rte n s io n  d ienen , sind  teils k o m p liz ie rt, teils m it e inem  gew issen  Risiko
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v e rb u n d e n , w eshalb die A u s a rb e itu n g  w eniger g e fä h rlic h e r  u n d  ein facherer 
M e th o d e n  b e s tre b t w ird. D en  W e r t  der auch n a c h  u n se re n  E rfah ru n g en  u n 
g e fä h rlic h e n  und  einfachen M e th o d e  von F a t e j e w a  s e tz t  d e r U m stan d  h e rab , 
d aß  — w ie  d a ra u f  unsere N a c h u n te rsu c h u n g en  h in w e ise n  — in die G ru p p en  
I I  u n d  I I I  zahlreiche P e rso n e n  m i t  patho log ischer u n d  in ta k te r  L eb erfu n k tio n  
fa lle n , w o ra u s  folgt, daß  d ie  M e th o d e  eben in  d en  d ia g n o s tisc h  zw eifelhaften  
F ä lle n  k e in e  en tscheidenden  A n g a b e n  zu liefern  v e rm a g . B ei den zu r e rs ten  
(n o rm a le  L eberfunk tion ) u n d  v ie r te n  (pathologische L eb erfu n k tio n ) G ru p p e  
g e h ö re n d e n  K ranken  g ib t es k e in e  d iagnostischen  S ch w ie rig k e iten , in  die p ro 
b le m a tis c h e n , einen Ü b e rg an g  b ild en d en  G ruppen  I I  u n d  I I I  fielen ab er 50%  
d e r  u n te r s u c h te n  P a tie n te n .

B e i d e r  A usarb e itu n g  u n s e re r  M ethode t r a c h te te n  w ir einige F e h le r
q u e lle n  des beschriebenen  V e rfa h re n s  zu bese itig en . D u rc h  die subm uköse  
In j iz ie ru n g  d er rad io ak tiv en  S u b s ta n z  konn ten  das H e ra b r in n e n  der in jiz ie rten  
L ö su n g  b zw . die V e rb re itu n g  d e rse lb en  au f der S ch le im h au to b e rfläch e  sowie 
die s tö re n d e  W irkung der A b s o rp tio n  durch die S c h le im h a u t e lim in iert w erden . 
M itte ls  B estim m u n g  der G ew ebe-C learance  der D a rm w a n d  w aren  die üb rig en , 
den  J -G e h a l t  der L eber re g u lie re n d e n  F ak to ren  au szu sch ließ en , w äh ren d  die 
A n w e n d u n g  des Ballons die M ög lich k e it der, das p o r ta le  S ystem  um gehenden  
E n tw e ic h u n g  h erab se tz te . D e n  E rfo lg  der M ethode u n te r s tü tz t  die T a tsa c h e , 
d aß  d a s  V erh ä ltn is  der D e c k u n g sfä lle  von 50%  a u f  2 7 %  sa n k  u n d  gleichzeitig  
k e in e  fa lsch p o sitiv en  F ä lle  v o rk a m e n . W erte ü b e r 8 ,0  m in  w aren  n u r be i L e b e r
k ra n k e n  zu  verzeichnen, b e i d e n e n  die V erh in d eru n g  des p o rta len  K re islau fs 
a u c h  k lin is c h  w ahrschein lich  w a r .
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OPHTHALMOLOGIC DIAGNOSIS 
OF CAROTID INSUFFICIENCY

By

P . W e i n s t e i n

SECTION O F OPHTHALM OLOGY (C H IEF: P R O F . P. W E IN STE IN ),
PO STG RA D U A TE M EDICAL SCHOOL, BU DA PEST

(R ece iv ed  Ju n e  4, 1967)

T he shadow  o f th e  c a ro tid  a r te ry  in  th e  p ro jec tio n  of th e  sella a p p e a r in g  in  
rad io g rap h s  ta k e n  fro m  th e  sku ll, p seu d o -g lau co m ato u s e x cav a tio n  in  th e  ey e  g ro u n d , 
co n cen trica lly  co n str ic ted  flic k e r fusion  freq u en cy , a  sign ifican t d ecrease  o f  re tin a l 
a r te r ia l  p ressu re  on th e  sam e side , a shining yellow ish  p laq u e  in  th e  fu n d u s  (a n  em bo lus 
from  th e  caro tid ) m ay  fa c ili ta te  th e  d iagnosis o f c a ro tid  insufficiency. T o n o g rap h ic  
ex am in a tio n s  revea led  th a t  th e  h o m o la tera l d ro p  in  in tra o c u la r  tension  fo llow ing  c a ro tid  
com pression  fails to  a p p e a r  in  cases o f caro tid  in su ffic iency , while in tra o c u la r  ten s io n  
on th e  diseased  side d ro p s w h en  th e  caro tid  is com pressed  on th e  n o rm al side .

T he significance o f op h th a lm o lo g ic  e x am in a tio n  in th e  d iagnosis o f  c a ro tid  
in su ffic iency  due to  a rte rio sc le ro s is , stenosis, occlusion, e tc ., is well k n o w n . A 
n u m b e r o f oph tha lm o log ic  ex a m in a tio n  m eth o d s h av e  been describ ed  d u rin g  
recen t years.

In  cases of p seu d o g lau co m ato u s  ex cav a tio n  — w hen  th e  p resence  o f  g la u 
com a can be excluded  an d  a n asa l or b in asa l h em ian o p ia  is o b se rv ed  — th e  
u p rig h t convex  shadow  o f th e  sy p h o n -sh ap ed  cu rv e  o f th e  sc le ro tic  c a ro tid  
a r te ry  in th e  c a v ity  of th e  sella  is o ften  a p p a re n t on th e  X -ray  p h o to g ra p h s . In  
su ch  cases one can u su a lly  o b se rv e  a decreased  f lick e r fusion freq u en cy , m a in ly  
co n cen trica lly , b u t  o ften  also c e n tra lly , even in th o se  cases in w hich th e  shadow  
o f th e  ca ro tid  could n o t be seen on th e  X -ray  p h o to g ra p h . T he dec reased  flick e r 
fu sio n  freq u en cy  is a sign of h y p o x ia  w hich can  be a t t r ib u te d  to  th e  sc lerosis of 
e ith e r  th e  op h th a lm ic  a r te ry  o r o f th e  cen tra l a r te ry  o f th e  op tic  n e rv e .

T he resu lts  o f o p h th a lm o d y n a m o m e try  show  th a t  th e  sig n ifican t decrease  
o f  p re ssu re  in th e  cen tra l re tin a l a r te ry  observed  in th e  course of b lood  p re ssu re  
m easu rin g  of th e  eye g ro u n d  is a sign of c a ro tid  insufficiency. I n te r m it te n t  
b lu rre d  vision  as well as u n ila te ra l  h o rizon ta l hem ian o p ia  can  so m e tim es  be 
o b se rv ed  in these  cases, an d  in tra o c u la r  tension  m ay  decrease on th e  sa m e  side.

O p h th a lm o d y n am o g rap h ic  ex am in a tio n  has la te ly  been app lied  b y  H a g e r  

fo r d iagnosing  ca ro tid  in su ffic iency . On th e  ap p lica tio n  of th is  m e th o d  th e  
o sc illa tions of th e  bu lb  decrease  on th e  d iseased  side, in o th e r  w o rd s , b lood  
su p p ly  th ro u g h  th e  o p h th a lm ic  a r te ry  decreases.

R ecen t rep o rts  o ften  m en tio n  th a t  in cases o f c a ro tid  sclerosis a y e llow ish  
sh in in g  p laq u e  could be o b se rv ed  in  the  fu n d u s. T his p laq u e  is co n sid e red  to  
re p re se n t an  em bolus w hich  d e p a rte d  from  th e  w all o f th e  ca ro tid .
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F ig . 2 . T onographic c u rv e  t a k e n  a f te r  caro tid  co m p ress io n . In tra o c u la r  p re ssu re  decreased  
h o m o la te ra lly  and decreased  s l ig h tly  co n tra la te ra lly  a f te r  com pressing  th e  r ig h t  (n o rm a l side) 
c a ro t id  (D  =  rig h t side, C =  com pression). T he d ec rease  o f  eye ten s io n  w as s lig h t hom o
la te ra l ly  an d  failed to  ch an g e  c o n tra la te ra lly  a f te r  c a ro tid  com pression  on th e  d iseased  side

(S =  le f t side)

G a l in  and  H a r r is  h av e  shown th a t  i f  in  th e  course of to n o g rap h ic  
e x a m in a tio n  th e  c a ro tid  is com pressed, eye p re ssu re  is d ro p p in g  on th e  hom o- 
la te r a l  side while te n s io n  o f  th e  o ther eye re m a in s  unch an g ed . In  th e  case of 
c a ro t id  insufficiency in tr a o c u la r  tension  w ill n o t  fa ll or will fa ll on ly  s lig h tly  on 
co m p ressin g  th e  d iseased  c a ro tid , while p re s su re  w ill decrease on th e  c o n tra 
la te r a l  sideif th e  h e a l th y  c a ro tid  is com pressed . T h e  re lia b ility  of th is  m ethod  
o f  ex am in a tio n  cou ld  fu lly  b e  confirm ed b y  us.
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F ig. 3a. C aro tid  pulse on  n o rm al side

F ig. 3b. C aro tid  pu lse  on  d iseased  side

A  fem ale p a t ie n t  o f 64 y ea rs  com plained  o f  b lu rre d  v ision  in  h e r le f t eye. 
T h e  fu n d u s p re se n te d  a n o rm a l p ic tu re . H em ian o p ia  was o bserved  in  th e  low er 
p a r t  o f  th e  field o f v is io n  (F ig . 1). X -ray s  of th e  sk u ll w ere n o rm a l, th e  p resence 
o f g laucom a w as ex c lu d ed . In tra o c u la r  p ressu re  show ed a considerab le  decrease 
on com pressing  th e  r ig h t c a ro tid  in th e  course o f a to n o g rap h ic  ex am in a tio n , 
w hile  ten sio n  in th e  le ft eye h a rd ly  changed  on com pressing  th e  left ca ro tid  
(F ig . 2). These sy m p to m s h av e  been in te rp re te d  to  p o in t to  an  insuffic iency  
o f th e  le ft ca ro tid .

T h is has been  co n firm ed  b y  th e  ca ro tid  p u lse . I t  w as show n b y  D é n e s  and  
К É K E S th a t  th e  c a ro tid  pu lse  cu rve  d isp layed  d e fin ite  changes in  cases of ca ro tid  
insuffic iency . T he a n a c ro tic  b ra n c h  show ed an  e lo n g a tio n  on th e  sick  side, th e  
p e a k  tim e  w as p ro tra c te d , p la te a u  fo rm a tio n  a n d  m an ifo ld  w aves h av e  been
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o b se rv e d . In  our case th e  c a ro tid  pu lse  cu rve  w as n o rm a l on th e  in ta c t  side 
(F ig . 3 a ), while th e  d e scen d in g  p a r t  was d ic ro tic  an d  d isp lay ed  v ib ra tio n s  
on  th e  sick  side (F ig . 3b).
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DIE SCHOCKNIERE

Yon

F . R é n y i -V a m o s , S. C s a t a  u n d  M. T ó t h

UROLOG ISCHE K L IN IK  (D IR E K T O R : P R O F . D R. A. BAHICS) 
D E R  M ED IZIN ISCH EN  U N IV E R S IT Ä T  BUDAPEST

(E ingegangen  аш  6. J u n i  1967)

A n h a n d  von  195 F ällen  sch o ck b ed in g te r  A nurie  w erden die n a ch  d e n  v e rsch ie 
den en  S c h o ck ty p en  en ts teh en d en  o lig o -an u risch en  K ran k h e itsb ild e r e rö r te r t .  D ie höchste  
M o rta li tä t  w ar bei den  K ran k en  m it p o s to p e ra tiv e m  u n d  bak terie llem  S ch o ck , d ie  n ied
rig s te  n a ch  p o sth äm o rrh ag isch em  Schock zu  verze ichnen .

F ü r  d ie E n ts te h u n g  der A nurie  is t  d ie  V erm in d eru n g  der G lo m eru la rf iltra tio n  
v e ra n tw o rtlic h , an  de r A u frech te rh a ltu n g  d e r  A nurie  sind jedoch  m eh re re  F a k to re n  
(T u h u lu ssch äd ig u n g , im  T u b u luslum en  p rä z ip it ie r te  verschiedene Z y lin d er, in te rs titie lle s  
Ö dem , E n tz ü n d u n g  usw .) beteilig t.

D er B eg riff S chockniere  u m faß t zah lre ich e  N ep h ro p a th ien , d e ren  Ä tio 
logie v e rsch ied en , ih r U rsp ru n g  — d er S chock  — jedoch  g em ein sam  is t. Die 
genaue D efin itio n  d er K ra n k h e it b e sc h ä ftig te  eine ganze R eihe d e r  F o rsch er 
[15, 16, 17, 6, 10, 32, 33], eine e inh e itlich e  A n sch au u n g  h a t sich  je d o c h  n ich t 
en tw ick e lt.

W ir v e r tre te n  die A nsich t, daß  die D iag n o se  der Schockniere in  dem  Fall 
g este llt w erd en  k a n n , in  dem  die A nurie  n a c h  Schock oder nach  la n g h a lte n d e r  
B lu td ru c k v e rm in d e ru n g  (ohne Schock) z u s ta n d e k o m m t. D er Schock  h a t  zw ar 
N ie ren sch äd ig u n g  zu r Folge, Amurié e n tw ic k e lt sich jedoch  n ich t in  säm tlich en  
F ä llen  (»N iere  im Schock«).

In  v o rlieg en d er A rb e it wollen w ir d as  oligo-anurische K ra n k e n m a te ria l  
u n se re r K u n s tn ie re n a b te ilu n g  e rö rte rn .

K ra n k e n m a te ria l

Im  L au fe  von  7 J a h re n  ( I I .  1960 — 11. 1967) w urden 519 o lig o -an u risch e  
K ra n k e n  b e h a n d e lt. In  195 dieser F älle  (3 7 ,6 % ) w ar die auslösende U rsach e  der 
O ligo-A nurie  ein  Schock . D ie w ich tigeren  D a te n  u nserer P a tie n te n  v e ra n sc h a u 
lich t T ab e lle  I .

B ei d e r B esp rech u n g  der einzelnen S chock-T ypen  wollen w ir led ig lich  au f 
die m it d e r a k u te n  N ieren insuffiz ienz v e rb u n d e n e n  w ichtigeren  F ra g e n  ein- 
gehen.

1. Septischer Abort. A uf den Z u sam m en h an g  zw ischen p o s ta b o r ta le r  S ep
sis u n d  A n u rie  h a t  1911 W id a l  [33] h ingew iesen . E ine  lange Z e it v e rg in g , bis
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Tabelle I

A ufsch lüsselung  des K ra n ken m a ter ia ls

Z ah l
d e r

F ä lle

M o rta litä t

U rs a c h e  des Schocks
A nzahl %

Z e itd a u e r  d e r  A nurie  
be i d e n  Ü b e rle b e n d e n  

(T a g e)
Zahl d e r  H ä m o d ia ly sen

1. S ep tisch e r A bort 51 15 29,3 16,5 ( 3 - 3 1 ) i , 6 i ( 0 - 4 )

2. T ransfusionszw ischenfall 33 9 27,2 5.87 ( 2 - 1 2 ) 0,61 ( 0 - 2 )

3. T ra u m a 27 14 51,8 9,83 ( 2 - 2 5 ) 2,45 ( 0 - 5 )

4. O p e ra tio n 55 40 72,7 5,9 ( 2 - 1 3 ) 0,83 ( 0 - 4 )

5. Schw angerschaft 11 6 54,5 5 ( 2 - 1 1 ) 2 (2)
6 . PA S 1 — — 4 —

7. E le k tr is c h e r  S trom 1 1 — — —

8. Sepsis 7 5 71,4 6 ( 5 - 7 ) 1 ( 0 - 3 )

9. B lu tu n g 7 1 14,3 4 ( 1 - 8 ) H äm odialyse  w u rd e  
lediglich bei 1 K ra n 
ken d u rc h g e fü h rt

10. In su lin 1 — 9 2

11. U n b e k a n n t ! 1 1 — —

die F ra g e  zu r e in gehenden  U n te rsu ch u n g  k a m . H i l l  [18] e r lä u te r te  1930 30 
F ä lle  m it  63% ig er M o r ta l i tä t .  D an n  b e r ic h te te n  französische V erfasser ü b e r  
ih re  E rfa h ru n g e n  bei e inem  g rößeren  M a te ria l: R i c h e t  u n d  M ita rb . [26] ü b e r  
201 F ä lle , H a m b u r g e r  u n d  M itarb . in ih re r  N ieren insuffiz ienz-M onograph ie  
[16] ü b e r  314 F älle  u n d  in  ih rem  B uch [17] ü b e r  516 F älle  (36,6%  des K ra n k e n 
m a te r ia ls ) . Ü b er ein  k le in eres  K ra n k e n g u t v e rfü g e n  heu te  säm tliche  K u n s t 
n ie re n s ta tio n e n  ([14] u sw .). S e it der E in fü h ru n g  d e r  H äm odia lyse  h a t  s ich  die 
f rü h e r  f a s t  50% ige M o r ta l i tä t  w esentlich  g e b e sse rt, an  u nserer A b te ilu n g  b e 
t r ä g t  d e r  P ro z e n tsa tz  d e r v e rs to rb en en  K ra n k e n  29 ,3% , w as den  L i te r a tu r 
a n g a b e n  a n n ä h e rn d  e n ts p r ic h t. D er K ra n k h e itse rre g e r  is t in der M ehrzah l d er 
F ä lle  B ac illu s  perfrin g en s (C lostrid ium  w elch ii), se lten e r S taphy lococcus hae- 
m o ly tic u s . D er N achw eis des K ran k h e itse rreg e rs  aus B lu t oder G e b ä rm u tte r 
se k re t ge lan g  uns led ig lich  in  3 F ä llen ; die E rk lä ru n g  d er zah lreichen  n e g a tiv e n  
E rg e b n isse  lieg t d a rin , d aß  be i unseren  P a t ie n t in n e n — die von einer g y n äk o lo g i
sch en  A b te ilu n g  ü berw iesen  w urden  — die K ü re t ta g e  b eendet u n d  d ie  a n t i 
b io tisc h e  T h erap ie  b e re its  begonnen  w urde . M e r g e r  u n d  M itarb . [21] fa n d e n  
ein p o s itiv e s  R e s u lta t  in  led ig lich  15 von 93 H ä m o k u ltu re n . A n u n se re r  A b te i
lu n g  w u rd e n  51 sep tisch e  A b o rtfä lle  b e h a n d e lt, w as  fa s t 10%  des G e sa m tm a te 
ria ls  u n d  26 %  der S chock-A nurien  a u sm ach t.

W ä h re n d  bei dem  Z u stan d ek o m m en  d e r A n u rie  der tox ische  S chock  die 
L e itro lle  sp ie lt, k ö n n en  be i d e r A u fre c h te rh a ltu n g  d er A nurie au ß e r d e r  V e r
ä n d e ru n g  d e r in tra re n a le n  K re is lau fv e rh ä ltn isse  au c h  die die T u b u li a u sfü lle n 
den  zah lre ich en  H äm o g lo b in zy lin d er von  w ese n tlic h e r B edeu tung  sein.
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D as d r it te  K a rd in a lsy m p to m  des sep tisch en  A borts — n e b s t  Schock 
u n d  H äm olyse  — is t die am  folgenden T ag  d e r In fek tio n  deu tlich  e rk en n b a re  
G e lb su ch t, die im  L aufe  d e r fo lgenden T ag e  w e ite r zu n im m t. E s  k o m m t 
n ic h t se lten  v o r, d aß  die P a tie n tin n e n , beso n d ers  w enn sie die T a tsa c h e  der 
F ru c h ta b tre ib u n g  n eg ie ren , m it der D iagnose  e iner H ep a titis  in  eine In fe k 
tio n sa b te ilu n g  eingew iesen w erden . In  zw eife lhaften  Fällen  k a n n  d ie  la k tie 
ren d e  B ru s t en tsch e id en d  sein.

In  diese G ru p p e  gehören  unsere  5 sep tisch en  A bortfä lle  tö d lic h e n  A us
gangs, in  denen  d er S ek tio n sb efu n d  a u f  sy m m etrisch e  K o rtik a ln ek ro se  h inw ies. 
D er In itia lp ro z e ß  w a r au ch  in  diesen F ä llen  d e r  to x äm isch e  Schock, n a c h  einem  
u ngew öhn lichen  K ra n k h e itsv e r la u f  (K a p illa rs ta se , in trav asa le  K o a g u la tio n  
usw .) en tw ick e lte  sich  jed o ch  sy m m etrisch e  K o rtik a ln ek ro se .

M it A usnahm e d e r F ä lle  von  sy m m e trisc h e r K o rtik a ln ek ro se  is t  die P ro 
gnose im  allgem einen  g u t (an  un se re r K u n s tn ie re n a b te ilu n g  b e tru g  d ie  G e sa m t
m o r ta l i tä t  41% ), doch  m uß  m an  m it e in er lan g en  o ligo-anurischen  P eriode  
rech n en .

B ei der A u fste llu n g  des th e ra p e u tisc h e n  P lan s  m uß die e v en tu e lle  N o t
w en d ig k e it d e r  H y s te re k to m ie  erw ogen w erd en . U nseres E ra c h te n s  in d iz ie rt 
d er sep tische  A b o rt m it  a k u te r  N ieren insuffiz ienz  an  u n d  fü r sich d ie  H y s te re k 
to m ie  bzw . die A d n ex ek to m ie  n ich t, falls s ich  jed o ch  tro tz  K o lp o to m ie  bzw . 
e n tsp re c h e n d er a n tib io tisc h e r  B eh an d lu n g  sep tisches F ieber o d er a u f  P e r ito 
n itis  w eisende S y m p to m e m elden , is t die D u rch fü h ru n g  der H y s te re k to m ie  
e rfo rd erlich . V om  Z u s ta n d  d er P a tie n tin  a b h än g ig  is t vo r oder n a c h  d er O pe
ra tio n  die K u n s tn ie re n b e h a n d lu n g  in d iz ie rt.

2. Inkompatible Bluttransfusion. D er T ransfusionszw ischen fall is t ein 
w o h lb ek an n te s  K ra n k h e itsb ild  der K u n s tn ie re n s ta tio n e n . U n te r  d en  310 anuri- 
schen  F ä llen  von  D e r o t  u n d  L e g r a i n  [10] h a n d e lte  es sich in 36 F ä lle n  (11 ,6% ) 
u m  eine in k o m p a tib le  T ran sfu sio n . B a r l a s  u n d  K o l f f  [3] b e r ic h te te n  eben 
falls ü b e r  36 F ä lle ; im  K ra n k e n m a te ria l v o n  Gál u n d  N é m e t h  [13] b e fan d en  
sich  10 d u rch  T ransfusionszw ischen fall b e d in g te  a k u te  N ieren insuffiz ienzfä lle . 
Im  B u ch  von  H a m b u r g e r  u n d  M ita rb . [17] w erd en  116 Fälle  d a rg e s te llt . Ü ber 
u n se re  be i d u rch  T ransfusionszw ischen fall b e d in g te r  a k u te r  N ieren insu ffiz ienz  
b is 1964 gew onnenen  E rfa h ru n g e n  b e ric h te te n  Cs a t a  und  M itarb . [9]. D ie E in 
fü h ru n g  der H äm o d ia ly se  h a t te  se lb s tv e rs tä n d lic h  auch au f d iesem  G eb ie t die 
w esen tliche  V erm in d eru n g  d er hohen  M o rta litä tsz iffe rn  (60 — 7 0 % ) z u r  Folge. 
M u i r h e a d  und  M ita rb . [24] verlo ren  3 ih re r  18 P a tie n tin n e n , u n te r  d en  b e re its  
e rw ä h n te n  116 P a tie n tin n e n  von  H a m b u r g e r  u n d  M itarb . [17] s ta rb e n  40 
(3 4 % ). Im  K ra n k e n m a te ria l von  D e r o t  u n d  L e g r a i n  [10] b e trä g t  d agegen  die 
L e ta l i tä t  64% . In  u n se rem  33 F älle  u m fassen d en  K ra n k e n m a te ria l — was 
6 ,3 %  des G esam tm a te ria ls  u n d  16,9%  d e r S chockanuriefälle  a u sm a c h t — 
w aren  9 F älle  (27 ,2% ) tö d lich en  A usgangs (T ab . I).

N ach  unseren  B eo b ach tu n g en  ist d ie  P rognose  der in fo lge R h - bzw .
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B lu tu n te rg ru p p e n -In k o m p a tib i l i tä t  e n ts ta n d e n e n  A nurie  besser als d ie  d e r 
d u rc h  A B O -In k o m p a tib il i tä t  h e rb e ig e fü h rten  N ieren insuffiz ienz; in  d e r  M ehr
z ah l u n se re r  tö d lich en  F ä lle  h a n d e lte  es sich u m  d ie  Fo lgen  der le tz te rw ä h n te n  
U rsa c h e  (T ab . I I ) .

G lücklicherw eise f ü h r t  n ic h t jede  in k o m p a tib le  T ransfusion  z u r A nurie ; 
nachD iscoM B  [11] k o m m en  N ie ren k o m p lik a tio n en  n u r  in  7 —10%  d e rF ä lle  v o r.

A nsch ließend  sei d a ra u f  hingew iesen, d aß  d ie  S ym ptom e w en iger s tü r 
m isch  s in d , w enn die T ran sfu s io n  in tra o p e ra tiv , u n te r  N arkose v e rab fo lg t w ird , 
w esh a lb  d er T ran sfu sio n sfeh le r häu fig  n u r  sp ä t u n d  schw er zu d iag n o stiz ie ren  
is t. I n  3 un serer F ä lle  v o n  p o s to p e ra tiv e r  A n u rie  w ies der histo logische B efu n d

Tabelle I I

A n u r ie  nach Transfusionszw ischenfa ll

In k o m p a t ib i l i tä t Zahl d e r  F ä lle M o rta li tä t  (% )

ABO 19 8 (42,1)

R h 10 1 (10)

U n te rg ru p p e 4 —

In sg esam t 33 9 (27,2)

d a r a u f  h in , daß  die U rsach e  d e r N ieren insuffiz ienz  — m indestens zum  T eil — 
a u f  e in en  T ransfusionszw ischen fall zu rü ck g efü h rt w erd en  kann .

F ü r  die G elbsuch t is t  — ebenso wie be i sep tisch em  A bort — die H ä m o 
lyse  v e ra n tw o rtlic h . D ie an u risch e  Periode is t im  allgem einen  kurz.

D ie  P a th o g en ese  is t äh n lich  wie bei sep tisch em  A bort: Die A n u rie  e n t
w ic k e lt sich  infolge des S chocks u n d  bei d er A u fre c h te rh a ltu n g  d er N ie re n in 
su ffiz ien z  nehm en  au ch  die das T ubu lu slu m en  au sfü llen d en  Z y linder te il.

3. Trauma. D ie p o s ttra u m a tis c h e  A nurie  w a r  b e re its  im  e rs ten  W eltk rieg  
b e k a n n t .  Zw ischen d en  b e id en  W eltk riegen  e rsch ien en  n u r  einige M itte ilu n g en , 
in  d e n e n  d a ra u f  h ingew iesen  w ird , daß ein U n fa ll u n te r  U m stän d en  z u r  E n t 
w ic k lu n g  einer A nurie  fü h re n  k an n . Die n a c h  sch w ere r M uskelzerquetschung  
a u f tre te n d e  ak u te  N ieren in su ffiz ien z  w ird n a c h  B i n g o l d  [4] m yorenales S y n 
d ro m  g e n a n n t.

D ie  B ed eu tu n g  des tra u m a tisc h e n  S chocks in  d er H erb e ifü h ru n g  der 
A n u rie  w urde  im  zw eiten  W eltk rieg  — v o rn e h m lic h  a n h a n d  der M itte ilu n g  von  
B y w a t e r s  [7], in d e r ü b e r  an läß lich  des B o m b en an g riffs  von L on d o n  b eo b 
a c h te te  p o s ttra u m a tisc h e  A nurie fä lle  b e r ic h te t w ird  — allgem ein b e k a n n t. 
D e m n a c h  erschien n a c h  e in igen  ein kleineres M a te ria l um fassenden  M itte ilu n g en  
d ie  A rb e it  von  T e s c h a n  u n d  M ita rb . [29], in  d e r d ie  V erfasser ih re im  k o re a n i
sch en  K rieg  gesam m elten  d iesbezüglichen m an n ig fa ltig en  E rfah ru n g en  e rö r te rn ;
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bei d er O b d u k tio n  v o n  165 u n au sg ew äh lten  F ä llen  w aren  in  3 9 %  N ie ren v er
än d e ru n g en  v o rzu fin d en . E rw äh n en sw ert sind  außerdem  au ch  d ie  P u b lik a tio 
n en  im  Z u sam m en h an g  m it dem  E rd b e b e n  von  A gad ir 1960. R i c h e t  [26] 
b e to n t  in seinem  zu sam m en fassen d en  R e fe ra t, d aß  das S ch icksal d e r  P a tie n te n  
in b ed eu ten d em  M aße von  d er G röße d e r W eich te ilv erle tzu n g en  a b h än g ig  ist.

D ie im  S c h rif ttu m  m itg e te ilten  M o rta litä tsz iffe rn  sind  h o c h : n a c h  T e - 
s c h a n  und  M itarb . [29] 5 3 % , n ach  A l w a l l  [1] 66% , lau t M e r r i l l  u n d  M itarb . 
[22] 6 6 % . An un se re r K u n s tn ie re n a b te ilu n g  w urden  27 p o s ttra u m a tis c h e  Anu- 
rie fä lle  b eh an d e lt, w as 5 ,2%  des G esam tm a tc ria ls  und  13 ,8%  d e r  Schock- 
A n u rien  au sm ach t; die S te rb lich k e it b e tru g  51 ,8%  (Tab. I  u n d  I I I ) .

Die auslösende U rsache  der O ligo-A nurie is t der Schock, b e i d e r  A u fre c h t
e rh a ltu n g  des Prozesses sp ie lt a b e r — äh n lich  wie bei den v o ra n g e h e n d  be
sch riebenen  K ra n k h e itsb ild e rn  das H äm og lob in  — das infolge d e r  M uskelläsion 
in  g roßen  M engen fre iw erd en d e, a u f  den  h isto logischen B ild e rn  im  T u b u lu s
lu m en  d eu tlich  e rk e n n b a re  M yoglobin eine b ed eu ten d e  R olle.

D er S e -R ests tick s to ffw ert e rh ö h t sich rasch , der tä g lic h e  A n stieg  be
t r ä g t  n ich  selten  4 0 — 70 m g % , w as gem einsam  m it der eben fa lls  ra sc h e n  E r 
h ö h u n g  des K a liu m -W ertes  die häufige  H äm o d ia ly se  in d iz ie rt. A n  u n se re r  K li
n ik  b e trä g t  die D a u e r d e r K u n s tn ie re n b e h a n d lu n g  (K u n s tn ie re : T y p  N ecker)

Tabelle III

P osttraum atisehe A n u rie

T ra u m a A nzah l d e r Fälle

P o ly trau m a 15

E x tre m itä t 5

T h o rax 1

B auch 4

R ü c k g ra t 1

B ecken 1

Insg esam t 27

im  allgem einen  5 S tu n d e n , in tra u m a tis c h e n  F ällen  w ird je d o c h  d ie  H ä m o d ia 
lyse — falls der Z u s ta n d  des P a tie n te n  es z u lä ß t 6 S tu n d e n  la n g  d u rc h 
g e fü h rt (im  V erlau f d ieser Z eit k ö n n en  aus dem  O rganism us e tw a  120 — 150 g 
R e s ts tic k s to ff  e n tfe rn t w erden). D as Schicksal des K ra n k e n  h ä n g t  in  e rs te r 
L in ie  von  dem  U m sta n d  ab , wie ra sch  bzw . in w elchem  M aße d ie  F o lg en  des 
U nfalls  geheilt bzwT. geregelt w erden  k ö n n en  (O pera tion , A m p u ta tio n ) .

4. Operation. D ie p o s to p e ra tiv e  O ligo-A nurie is t eine d e r  g e fäh rlich s ten  
O p era tio n sk o m p lik a tio n en , die zw ar v e rh ä ltn ism ä ß ig  selten  a b e r  gew iß häufi-
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g e r v o rk o m m t als das d ie  A n z a h l der d iag n o stiz ie rten  F ä lle  zeigt. K o l f f  [19] 
b e r ic h te te  1955 n u r  ü b e r  e in ig e  Fälle , B l u e m l e  u n d  M ita rb . [5] e rö r te r te n  
1959 b e re its  32 F älle  m it e in e r  72% igen M o rta li tä t . Im  71 F älle  um fassenden  
K ra n k e n g u t  von L e g r a i n  u n d  M itarb . [20] b e tru g  d ie  S te rb lich k e it 6 4 % . In  
d e r  M onographie  von  Alw all  [1] findet sich d ie  B esch re ib u n g  von  231 p o s t
o p e ra t iv e n  A nuriefä llen  m i t  e in e r 5 7 ,l% ig en  L e ta l i tä t .  D as bezügliche K ra n 
k e n g u t  u n se re r K lin ik  e r lä u te r te n  1964 T ó t h  u n d  M ita rb . [30]. D as von  H a m 
b u r g e r  u n d  M itarb . 1966 h e rausgegebene  B u ch  [17] e n th ä l t  200 F älle ; die M or
t a l i t ä t  is t  hoch. W ie e rs ic h tlic h , berich ten  sä m tlic h e  V erfasser e indeu tig  ü b e r 
h o h e  M o rta litä tsz iffe rn . U n se re  S ta tis tik  zeig t 7 2 ,7 5 % .

D ie  w ichtigeren  D a te n  unseres 55 F ä lle  u m fa sse n d e n  K ra n k e n g u te s  
— 1 0 ,6 %  des G e sa m tm a te r ia ls  u n d  28,2%  d er sch o ck b ed in g ten  A nuriefälle  — 
v e ra n sc h a u lic h t T abelle  IV .

B ei der E n ts te h u n g  d e r  p o sto p era tiv en  A n u rie  sp ie len  in  e rs te r L inie ein 
S c h o c k  oder ein v e rz ö g e rte r  K o llap s die e n tsch e id en d e  R olle. F ü r  die H e rb e i
fü h ru n g  des K ra n k h e itsb ild e s  können  aber au c h  d ie S tö ru n g  des Salz- u n d  
W a sse rh a u sh a lts , la te n te  N ie re n k ra n k h e it, a k u te  E x a z e rb a tio n  einer c h ro n i
sc h e n  P y e lo n ep h ritis  sow ie T ransfusionszw ischen fall v e ran tw o rtlich  sein. In  
3 u n s e re r  Fälle , in  d en en  in tra o p e ra tiv  w egen B lu td ru c k a b n a h m e  g ru p p e n 
f re m d e  B lu ttran sfu s io n  v e ra b fo lg t w urde, k o n n te  d ie auslösende U rsache d e r 
A n u r ie  n ich t m it S ich e rh e it en tsch ieden  w erden .

V o lls tän d ig k e itsh a lb e r sei e rw ähn t, d aß  es n a c h  d e r O pera tion  — falls 
es s ich  u m  P a tie n te n  m it g e sch äd ig ten  N ieren h a n d e lte  — zu r V ersch lech terung  
d e r  N ie ren fu n k tio n  k o m m e n  k a n n : Es e n tw ick e lt s ich  H y p o sth en u rie  ohne 
A n u r ie  oder O ligurie. D ie  T ag esh arn m en g e  b e t r ä g t  1000— 1500 m l, d er B lu t- 
R e s ts tic k s to ffw e rt s te ig t je d o c h  an . N ach ein igen  T a g e n , besonders w enn  die 
A z o tä m ie  e rk an n t w ird , f ü h r t  die en tsp rechende R eg e lu n g  des Salz- u n d  W as
s e rh a u s h a lts  zur E rh ö h u n g  d e r  täglichen H a rn m e n g e  u n d  zu r N orm alisierung  
d es  Z u stan d es . In  m an c h e n  F ä lle n  w ird aber die sy m p to m a rm e  A zotäm ie n ic h t 
d ia g n o s tiz ie r t u n d  d er P a t i e n t  h e ilt ohne d er E rk e n n u n g  d e r la te n te n  N ie ren 
e rk ra n k u n g  oder d e r v o rü b e rg eh en d en  p o s to p e ra tiv e n  V ersch lech terung  d er 
N  ie ren fu n k tio n .

5. Schwangerschaft. E s  is t  w oh lbekann t, d a ß  sich  au ch  nach  E k lam p sie  
e in e  A n u rie  en tw ickeln  k a n n . A n  unserer A b te ilu n g  w u rd e  dieses K ra n k h e itsb ild  
in  11 F ä llen  b e o b a c h te t; d ie s  b e trä g t  2 ,1%  des G e sa m tm a te ria ls  u n d  5 ,6 %  d e r 
S ch o ck an u rien . D ie S te rb lic h k e it  ist hoch: 6 u n s e re r  P a tie n tin n e n  k o n n te n  
n ic h t  g e re tte t  w erden .

B ei der E n ts te h u n g  d e r  A nurie  sp ielt d er S ch o ck  die L eitro lle . In  bezug 
a u f  d ie  ausführliche B e sc h re ib u n g  unserer F ä lle  sei a u f  die M itte ilung  von  
C s a t a  u n d  M itarb . [8] h ingew iesen .

6. Paraaminosalizylsäure. D er sich n ach  P A S -In fu s io n  en tw ickelnde, m it 
K o lla p s , F ieber, H äm o ly se , A n u rie  e inhergehende P ro zeß  is t nach d er gegen-
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Tabelle IV

Postoperative A n u r ie

Operation Anzahl der Fälle

M agen-D arm 17

G allenw eg 7

P a n k re a s 2
M ilz 1
N iere 12
H erz 4

G efäß 2
L unge 3

G ynäkolog ische O peration 4

P ro s ta ta 1
N eb en n ie re 1
S y m p a th ek to m ie 1

In sg esam t 55

w ärtigen  A uffassung  a llerg ischer H e rk u n ft. B e i einem  unserer P a t ie n te n  löste  
die n ach  einer Serie so lcher Infusionen  a b e rm a ls  verabfo lg te  In fu s io n  Schock 
u n d  A nurie  aus. N a c h  4 täg ig e r o lig o -anu rischer P eriode  n o rm alis ie rte  sich  die 
N ie ren fu n k tio n  o hne  H äm od ia lyse  u n d  d e r P a t ie n t  heilte [31].

7. Elektrischer Strom. In  I unserer F ä lle  t r a te n  nach einem  S tro m sch lag  
von 35 000 V Schock  u n d  A nurie  auf, die b in n e n  6 T agen  zum  T od des P a t ie n te n  
fü h rte n .

8. Sepsis. In  7 F ä llen  (1,3%  des G e sa m tm a te r ia ls , 3,5%  des S c h o c k m a te 
rials) v e ru rsa c h te  e in  sep tischer Schock d ie  O ligo-A nurie. Die au slö sen d en  
U rsachen  der Sepsis w a ren : B ru ch o p e ra tio n , P u n k tio n  einer D e rm o id z y s te , 
P a n k re a s -F e ttn e k ro se , G lu tea labszeß , P u n k t io n  der R ek tu m w an d , G e b ä r
m u tte ro p e ra tio n , A u ffü llu n g  der G e b ä rm u tte r  m it Z uckerlösung  zw ecks 
S ch w an g ersch aftsu n te rb rech u n g . D ie M o r ta l i tä t  is t hoch, 5 u n se re r P a tie n te n  
s ta rb e n  (T ab. I).

E ig en tlich  k ö n n te n  auch  die sep tischen  A b o rtfä lle  sowie die k o n se k u tiv e n  
sym m etrisch en  N ie ren rindennekrosefä lle  in  d iese  G ruppe e in g ere ih t w erd en , 
angesich ts der e in h e itlich en  S ym p to m ato lo g ie  des septischen A b o rts  h ie lte n  
w ir es jed o ch  fü r  an g eze ig t, das K ra n k h e itsb ild  g esondert zu b esp rech en .

9. Blutung. I n  7 F ä llen  konn te  d er o lig o -an u risch e  Z ustand  m it S ic h e rh e it 
a u f  B lu tv e r lu s t z u rü c k g e fü h rt w erden. D ie E n tsc h e id u n g  der F ra g e , ob  die 
A nurie  im  gegebenen  F a ll ausschließlich  d u rc h  den  B lu tv e rlu st o d e r  d u rch  
m ehrere  F a k to re n  au sg e lö s t w urde, is t in d en  m eisten  Fällen  schw er b zw . u n 
m öglich. In  ein igen u n se re r  Fälle , in d en en  d ie  B lu tu n g  in tra o p e ra tiv  bzw .
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u n m i t te lb a r  p o s to p e ra tiv  a u f t r a t ,  ko n n te  die U rsa c h e  der ak u ten  N ie re n in 
su ffiz ie n z  — O peration , B lu tu n g  oder e tw a  d ie  gem einsam e W irk u n g  b e id e r  
F a k to r e n  — n ach träg lich  n ic h t  m it S icherhe it fe s tg e s te llt w erden. D ie a u s 
sc h lie ß lic h  p o s th äm o rrh ag isch en  o ligo-anurischen  F ä lle  m achen 1 ,4%  u n se re s  
G e sa m tm a te r ia ls  u n d  3 ,6 %  des S ch o ck m ate ria ls  aus. Es sei e rw ä h n t, d aß  
die B lu tu n g  in 6 F ä llen  a n lä ß lic h  eines g y n äk o lo g isch en  Eingriffs (E n tb in d u n g , 
e x t r a u te r in e  S ch w an g ersch aft) u n d  n u r in  1 F a ll  w äh re n d  einer L a p a ro sk o p ie  
a u f t r a t .  K o m b in ie rte  F ä lle  — z.B . O p era tio n  -f- B lu tu n g  — w urden  in  d iese 
G ru p p e  n ic h t  eingereih t.

10. In su lin . In  1 F a ll  en tw ickelte  sich  d ie  A nurie  nach  w egen S ch izo 
p h re n ie  d u rch g e fü h rtem  In su lin sch o ck ; n ach  zw ei H äm odia lysen  H e ilu n g .

11. Unbekannte Ursache. In  einem  F a ll t r a t  infolge u n b e k a n n te r  U rsa c h e  
ein  S c h o c k  töd lichen  A u sg an g s  auf. Die U rsa c h e  des Schocks k o n n te  b e i d er 
S e k t io n  n ic h t  g ek lä rt w erd en .

B esprechung

D ie  an g efü h rten  A n g a b e n  sprechen im  E in k la n g  m it den L i te r a tu r a n 
g a b e n  d a fü r , daß  zah lre ich e  K ra n k h e itsb ild e r  zu  S chock und  dem zufo lge zu r 
E n tw ic k lu n g  einer A nurie  fü h re n  können . I n  d e r  E n ts te h u n g  der A n u rie  sp ie lt 
d e r  S c h o c k  bzw. die sch o ck b ed in g te  in tra re n a le  K re is lau fv e rän d eru n g  d ie  e n t 
sc h e id e n d e  Rolle. Se l k u r t  [28] wies als e rs te r  d a ra u f  h in , daß bei d u rc h  A b 
k le m m u n g  der A. ren a lis  h e rb e ig e fü h rte r e x p e rim en te lle r  A nurie, d ie  n a c h  
L ö s u n g  d e r  A bklem m ung  d ire k t gem essene N ie ren d u rch b lu tu n g  h ö h e r is t  als 
d ie  a n h a n d  d er P A H -C lea ran ce  berechne te . N a c h  B á l in t  und  M ita rb . [2] is t 
fü r  d ie  E n tw ick lu n g  d er o ligo-anurischen  N ieren insu ffiz ienz  in e rs te r L in ie  die 
in fo lg e  d e r  K o n tra k tio n  d e r  a fferen ten  A rte r io le n  en ts tan d en e , h o ch g rad ig e  
V e rm in d e ru n g  der G lo m e ru la rf iltra tio n  v e ra n tw o r tlic h , die T u b u lu ssch äd ig u n g  
f ü h re n  d ie  sich w ied erh o len d en  ischäm ischen  E p iso d e n  herbei.

D ie  Entstehung d e r sch o ck b ed in g ten  O ligo-A nurie  ist som it in  e rs te r  
R e ih e  d e r  V erm inderung  d e r  G lo m e ru la rf iltra tio n  zuzuschreiben , w ä h re n d  fü r  
d ie  Aufrechterhaltung  des schw eren  Z u stan d es m eh re re  F ak to ren  (S ch äd ig u n g  
des T u b u lu se p ith e ls , E iw e iß -M u k o p o ly sacch arid zy lin d er, bei h ä m o ly tisc h e n  
P ro z e s se n  H äm o g lo b in zy lin d er, O dem  und  E n tz ü n d u n g  des In te rs ti t iu m s)  v e r 
a n tw o r t l ic h  sind.

B e k a n n tlic h  e n tw ic k e lt sich eine O ligo-A nurie  nach  Schock v e rh ä l tn is 
m ä ß ig  se lten . T e sc h a n  u n d  M ita rb . [29] fan d e n  a n h a n d  der U n te rsu ch u n g  k o re 
a n is c h e r  K rieg sv erle tz ten  n u r  in  0 ,5%  der F ä lle  O ligurie vor. Es d ü r f te  a n g e 
n o m m e n  w erden , daß  in d e r Ä tio logie  der O ligo -A nurie  auch zah lreiche a n d e re  
F a k to r e n  eine Rolle sp ie len . U nsere U n te rsu c h u n g e n  ergaben, d aß  a u f  dem  
h is to lo g isc h e n  Bild d er S chockn iere  au ß er d en  a u f  die A nurie c h a ra k te r is t i-
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seh en  V erän d eru n g en  au ch  a u f  eine v o ran g eh en d e  chronische N ie re n k ra n k h e it 
— m eistens P y e lo n ep h ritis  — w eisende Z eichen in  E rsch e in u n g  t r e te n  (M em 
b ra n -  u n d  S ch lingenverd ickung  der G lom eru la , S ch lingenverw achsung , peri- 
g lom eru lä re  F ib rose , V erd ick u n g  d er b asa len  T u b u lu sm em b ran , in te rs titie lle  
F ib ro se). U nseres E ra c h te n s  k a n n  diese v o ran g eh en d e , ev en tu e ll la te n te  N ie
re n k ra n k h e it  bei d er E n ts te h u n g  der O ligo-A nurie als ein p rä d isp o n ie re n d e r 
F a k to r  b e tra c h te t  w erden  [25].

O hne, d aß  w ir a u f  die ausfü h rlich e  B esp rech u n g  der T h e ra p ie  e ingehen  
w ü rd en  die B eh an d lu n g  des Schocks is t o h n eh in  w o h lb ek an n t, w ä h re n d  die 
O ligo-A nurie die E in lieferung  d er K ra n k e n  in  eine K u n s tn ie re n a b te ilu n g  in d i
z ie r t  — w ollen w ir 3 w ichtige F rag en  h e rv o rh eb en :

1. N ach  dem  A bklingen  des S ch o ck zu stan d es soll die T ag esh  am m en g e  
so rg fä ltig  k o n tro llie r t w erden . Im  L aufe u n se re r K o n s ilia r tä tig k e it tre ffe n  w ir 
h äu fig  — u n d  dies is t eine in  a lle r W elt b e k a n n te  E rsch e in u n g  — sch o ck b e
d in g te  o ligo-anurische  F ä lle  an , in  denen  d er R e s ts tic k s to ffw e rt im  B lu t  a n 
s te ig t — ohne d aß  dies dem  die B eh an d lu n g  le iten d en  A rz t b e k a n n t w äre  — 
zu m al n ic h t e inm al in  bezug  a u f  die 2 4 stu n d en  H arn m en g e  A ngaben  v o rliegen ; 
d e r  sch lech te  A llgem einzustand  des P a tie n te n  w ird  d er G ru n d k ra n k h e it u n d  
d em  e rlitten en  Schock zugeschrieben . D ie M öglichkeit d er U räm ie  b zw . Oligo- 
A n u rie  e rh eb t sich n u r  in den  sp ä te ren  T ag en  e n tw ed e r angesich ts d e r  — tro tz  
N o rm alis ie ru n g  des B lu td ru ck s  u n d  K re is lau fs  — w eiteren  V ersch lech te ru n g  
des A llgem einzustandes oder a n h a n d  des e rh ö h ten  R es ts tick s to ffw erte s  
im  B lu t.

2. Im  S ch ockzustand  ist die T ra n sp o rtie ru n g  von  o ligo -anu rischen  K ra n 
k en  m it e rh ö h tem  R ests tick s to ffw ert a u f  eine K u n s tn ie re n s ta tio n  k o n tr a in 
d iz ie rt. Im  o ligo-anurischen  Z u s ta n d  is t die H äm o d ia ly se  in  den  a u f  d en  Schock 
fo lgenden  T agen noch n ic h t e rfo rderlich , d em en tsp rech en d  soll m it N a c h d ru c k  
b e to n t  w erden , daß  die k o rre k te  R eihenfo lge v o re rs t S chockabw ehr u n d  n u r  
d a n a c h  T ra n sp o rtie ru n g  sein soll.

3. A nw endung  des M an n its  in d e r S ch o ck th e rap ie . D a im  v o rh in e in  
n ic h t  en tsch ieden  w erden  k a n n , ob sich  im  gegebenen  F a ll O ligo-A nurie  e n t 
w ick e ln  w ird  oder n ic h t, em p fieh lt es sich , in  den th e ra p e u tisc h e n  P la n  
au ch  das M annit (500 m l 20% ige M an n itlö sung /T ag) e in zu sch a lten . F alls 
sich  tro tz  der B eh an d lu n g  eine O ligo-A nurie en tw ick e lt, is t die E in s te llu n g  der 
M a n n itv e rah fo lg u n g  angezeig t.
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RECENSIO

The H ospita lized  C hild and  h is F a m ily . E d ito r: J .  A lex  H a lle r, J r ;  associate e d ito rs : J a m e s  L. 
T a lb e r t  an d  R o b e rt  H . D om bro . The Jo h n s  H o p k in s P re ss , B altim ore  1967. 121 p ag es wi t h 
m an y  illu s tra tio n s . P rice  $ 5.95

M uch h as b een  sa id  a n d  w ritten  b u t l it t le  do n e  to  im p ro v e  the  u n d o u b te d ly  noxious 
effects o f h o sp ita liz a tio n  u p o n  th e  child. T his book , i l lu s tra te d  w ith  m an y  ch a rm in g  draw ings, 
aim s a t  “ b rin g in g  h o m e to  doc to rs , nurses, a n d  o th e r  h o sp ita l personnel th e  n eed  to  reg ard  
th e  h o sp ita lized  ch ild  as a  p e rso n , and n o t m ere ly  as th e  su b jec t of surgery  a n d  o th e r  t r e a t 
m e n t”  an d  p o in ts  o u t  in  p la in  w ords th e  v e ry  causes o f th e  in ju ry  and  th e  m ean s to  avo id  it. 
A d ap ted  fro m  lec tu re s  sp o n so red  by  th e  C hild ren’s M edical an d  Surgical C en tre  o f  th e  Jo h n s  
H o pk ins H o sp ita l, th e  essays con ta in ed  in th e  book  a re  ra is in g  som e im p o r ta n t  p ro b lem s of 
w hich  especia lly  th e  follow ing need to  be em p h asized . I n  sp ite  o f th e ir  in tim a te  personal 
connection  w ith  th e  p a e d ia tr ic  p a tie n t, doc to rs a n d  n u rse s  a re  ra re ly  pay ing  a t te n tio n  to  the  
ch ild ’s p sych ic  s itu a tio n . F o r  th is  negligence, th e  o v e rb u rd e n in g  of th e  h o sp ita l s ta f f  is m ain ly  
responsib le ; th e  ta sk s  o f t r e a tm e n t  and  nursing  leav e  th e m  p rac tica lly  no tim e  fo r co n cern ing  
th em selves w ith  th e  p la y  a n d  educational needs o f th e ir  p a tie n ts . In  th is m an n e r, th e  d octo r 
an d  th e  nu rses a re  fu r th e r  a g g rav a tin g  th e  h o sp ita liz a tio n  in ju ry . To avoid  th is  la t te r ,  i t  is 
o f p rim e im p o rta n ce  to  an a ly ze  th e  child’s a ffec tive  re la tio n  to  th e  hosp ital e n v iro n m e n t, and 
to  assist h im  in  overcom ing  his problem s. In  sp ite  o f th e  g re a t im p ro v em en t in  h o sp ita l  con
d itio n s, th e  degree o f h o sp ita liza tio n  in ju ry  is still c losely  p ro p o rtio n a l to th e  g ra v ity  a n d  d u 
ra tio n  of th e  ch ild ’s illness.

Som e v e ry  u sefu l p ra c tic a l suggestions are  o ffered  b y  th e  m onograph , tw o  ap p en d ice s 
o f w hich  a re  d iscussing  th e  life p rogram s organized in  a n u m b e r  o f USA and  C a n ad ian  ch ild ren ’s 
h o sp ita ls  in  o rd e r to  c re a te  so m eth ing  of a hom e a tm o sp h e re  in th e  p aed ia tric  w ard .

P . V . V ÉG H EL Y
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ACTA M E D IC A

TOM 24 — ВЫП. 4

Р Е З Ю М Е

ДАННЫЕ К ЦИТРАТНОЙ КИНЕТИКЕ ОРГАНИЗМА

Л. МОШОНИ и Е. A4

Авторы исследовали изменения содержания цитрата, происходящие в организме 
под влиянием салуретических средств. Было установлено, что при нормальной функции 
околощитовидной железы под влиянием этих средств в сыворотке уменьшается содержание 
цитрата, при одновременном повышении его выделения. Под влиянием кетогенного ре
жима питания наблюдается достоверное уменьшение как сывороточного уровня цитрата, 
так и выделения цитрата. Эти данные не показывают параллель с одновременным повы
шением выделения катионов: при гипер- или гипопаратиреозе происходят изменения, 
которые различны от изменений, наблюдаемых у лиц с нормальной функцией околощито
видной железы. Авторы полагают, что эти изменения обуславливаются одновременным 
повышением выделения цитрата и его окисления, задержкой энзима, осуществляющего 
канальцевое всасывание цитрата и, в случае кетогенной диэты, уменьшением цитроге- 
неза, которое, по всей вероятности, регулируется околощитовидной железой.

ИССЛЕДОВАНИЕ ЖИРОВОГО И УГЛЕВОДНОГО ОБМЕНА ПРИ СКЛЕРОЗЕ
КОРОНАРНОЙ АРТЕРИИ 

Г. ЭРДЕИ, М. ШТЮЦЕЛ, Л. НЕМЕШАНСКИ и М. ВЕГ

I. Изменения кривой нагрузки радиойодным (J13!) триолеином, набюдаемые в крови 
здоровых лиц и больных со склерозом коронарной артерии, после дачи глюкозы

Проводились пробы с нагрузкой радиоактивным триолеином J 131 у нормальных 
лиц и у больных со склерозом коронарной артерии. Исследования повторялись и при 
пероральной даче 100 г глюкозы через 5 часов после приема триолеина. Из группы боль
ных со склерозом коронарной артерии авторы выделили особую группу больных, уже 
переболевших инфарктом миокарда. Измерялись величины активности в цельной крови, 
а также величины активности липопротеинов, осаждаемых при помощи трихлор-уксусной 
к-ты через 5, 6 и 8 часов после приема триолеина. При сопоставлении величин активности, 
определенных до дачи глюкозы и через 6 часов после дачи глюкозы наблюдалось, что у 
нормальных лиц под влиянием глюкозы активность понизилась, а у больных со склерозом 
коронарной артерии она повысилась. Через 8 часов после приема триолеина такой раз
ницы не отмечалось.

Между изменениями активности, наблюдаемыми под влиянием глюкозы, и уровнем 
триглицерида, измеряемым у исследовавшихся лиц натощак, не удалось выявить кор
реляции.

ДЕЙСТВИЕ ЭКСПЕРИМЕНТАЛЬНОГО ЗАКРЫТИЯ МОЧЕТОЧНИКА НА 
ФУНКЦИЮ ПОЧЕК У КРЫС
Т. ХАРЗА, Д. КЁВЕР и Е. СЕЧ

Исследовалась степень клубочковой фильтрации (GRF) у контрольных животных 
и у крыс во время закрытия мочеточника, в различных состояниях гидратации.

Сообщается простой метод для исследования клубочковой фильтрации во время 
закрытия мочеточника, а также способ исчисления.



Было установлено, что у контрольных животных величина клубочковой фильт
рации составляет не меньше 0,21 мл в мин. и она понижается после лигирования мочеточ
ника до 0,13 мл в мин. При диурезе, вызванном дачей физиологического раствора соли, 
величина клубочковой фильтрации составляет 0,13 мл в мин., а при водном диурезе — 
0,11 мл в мин.

При осмотическом диурезе, вызванном дачей маннита, величина клубочковой 
фильтрации в почке с закрытым мочеточником не меньше 0,023 мл/мин.

Обсуждаются факторы, предположительно обеспечивающие клубочковую фильт
рацию при закрытом мочеточнике.

СОДЕРЖАНИЕ В СЫВОРОТКЕ ОКИСЛЯЕМОГО ОСТАТКА И 
ЭЛЕКТРОЛИТОВ ПРИ ГЕПАТАРГИЧЕСКОЙ КОМЕ

Й. ЧАПО, Й. БУДАИ и Г. НЕРГЕШ

В целях выяснения патомеханизма гепатаргической комы авторы определили, на
ряду с содержанием натрия, калия, хлора и стандартного бикарбоната в плазме, с по
мощью перманганатного окисления также количество веществ кислотной и некислотной 
природы, так называемый окисляемый остаток. Этот термин не охватывает белки и сахар.

1. В состоянии комы после острого гепатита изменения содержания натрия, калия 
и хлора нетипичны. В начале комы величины стандартного бикарбоната, как правило, 
близки к нормальным, и они понижаются лишь по мере прогрессирования комы. Однако 
возможны и случаи тяжелой комы с нормальной величиной стандартного бикарбоната. 
Окисляемый остаток может повыситься до 4—5-кратной нормальной величины. Бывают, 
однако, расстройства сознания без значительных нарушений окисления. Это, в общем, 
доброкачественные процессы.

2. Обструкционные гепатиты показали в конечной стадии такие же изменения, как 
и случаи острой гепатаргической комы.

3. При остром гепатите возможна тяжелая васкулярная декомпенсация без суще
ственного повышения величины окисляемого остатка.

4. Повышение количества окисляемого остатка обуславливается в первую очередь 
усиленным, но неполным окислением, хотя повышению может способствовать также 
нарушение функции почек. Из соотношения окисляемого остатка и остаточного азота 
можно делать заключения о том, находится ли в определенном случае на переднем плане 
процесса повышенное окисление или недостаточное выделение.

5. На гепатаргическое нарушение окисления наиболее чувствительно реагирует 
головной мозг. Нарушение окисления обуславливается не вирусами, а расстройством 
функции печени. В патогенезе гепатаргической комы, наряду с повышенным содержанием 
в крови аммония и распирационным алкалозом, значение имеет также нарушение окис
ления.

ПАТОМЕХАНИЗМ ЖИРОВОЙ ЭМБОЛИИ I
Сравнительные количественные исследования при человеческой и экспериментальной

жировой эмболии
Д. САБО, Р. ЯНКОВИЧ, А. САБО, Ж. МАДЬЯР и К. СЕПЕШХАЗИ

Обширная жировая эмболия легких после травм, вызывающих переломы длинных 
костей, доказывается на основе количественного патогистологического исследования 
84 случаев со смертным исходом в результате травмирования и 77 случаев, в которых 
причиной смерти были другие процессы. К концу первой недели после травмирования 
практически не удалось больше выявить жировые капельки в легких.

В случаях, в которых смерть наступила независимо от травмирования, встречае
мость жировой эмболии легких не превысила 50% и изменения были сравнительно не
значительными. Предсмертный шок не влиял на тяжесть эмболии. Случаи системной, то 
есть церебральной и почечной эмболии неизменно были сопряжены наличием легочной 
эмболии, которая, как правило, была тяжелой. В большинстве этих случаев наблюдалась 
как церебральная, так и почечная эмболия.

У кроликов наименьшая летальная доза (DLM) внутривенно введенного триолеина 
составляет 1,50 мл на кг веса тела (DL5I, =  1,02 ±  0,0022 мл на кг веса тела). После вве
дения летальной дозы легкие наполнены жировыми капельками и обнаруживаются бес



численные жировые эмболы в микроскопических препаратах. Церебральная жировая 
эмболия появляется после введения 0,1 мл триолеина на кг веса тела у 66%, после введе
ния 0,25 мл на кг веса тела у 75%, а в случае введения еще больших доз — у 100% живот
ных. Введение 0,1 мл или выше триолеина на кг веса тела неизменно приводило к эмболии. 
Эти данные указывают не экспоненциальную корреляцию, выявляемую между величиной 
дозы и числом эмболов, выявляемых в церебральной или почечной ткани.

После внутривенного введения меченый радиойодом (J131) триолеин быстро выде
ляется из тока крови. 54—75% введенной дозы поглощается легкими. Соразмерно при
меняемой дозе уменьшается активность этого органа в качестве «фильтра», и повышается 
фракция, передаваемая другим системам. Хотя печень принимает эту функцию легких, 
в ней скопляется 10% дозы в 1,0 мл радиоактивного триолеина на кг веса тела, риск сис
темной эмболии все же резко нарастает, так как корреляции между величиной дозы и 
количеством, передаваемым периферии, в частности головному мозгу, скорее экспонен
циальные, а не линейные.

На основе количественных гистологических исследований даже при самой тяже
лой степени жировой эмболии, встречаемой у людей, число эмболов, выявляемых в легоч
ной ткани, не достигает одной трети числа эмболов, вызываемых у лабораторных живот
ных введением меньше одной десятой части полулегальной дозы триолеина. С другой 
стороны, при наличии церебральной эмболии число легочных эмболов в два раза превы
сило число эмболов, выявляемых в легких при отсутствии церабральной эмболии. При 
экспериментальной жировой эмболии двухкратное повышение в легких концентрации 
жира можно привести в связь с 20-кратным повышением в головном мозге количества 
эмболизированного жира, в знак того, что жировая эмболия легких не должна быть 
слишком тяжелой, чтобы сопровождаться с обширной жировой эмболией головного 
мозга.

ПАТОМЕХАНИЗМ ЖИРОВОЙ ЭМБОЛИИ, И.
ЖИР ИЗ КОСТНОГО МОЗГА КАК ИСТОЧНИК ЭМБОЛИИ 

Р. ЯНКОВИЧ, Ж. МАДЬЯР и Д. САБО

Давление в мозговой полости трубчатой части бедренной кости составляет 25 ±  3,0 
мм рт. ст. После впрыскивания 0,25 мл триолеина на кг веса тела в костно-мозговую по
лость повышается давление на 36,5 ±  3,3 мм рт. сг. Перелом кости понижает давление 
с 52 ±  1,7 до 11,3 мм рт. ст.

Масляное рентгеновское контрастное вещество при введении в мозговую полость 
интактной кости исчезает оттуда в пределах 1—2 часов. Из переломленной кости истекает 
значительная часть констрастного вещества и остается еще в течение 24—72 часов в 
окрестности кости.

После введения 0,25 мл триолеина на кг веса тела в мозговую полость интактной 
кости число эмболов, обнаруживаемых в легких, в головном мозге и почках не откло
няется достоверно от числа эмболов, найденных после внутривенного введения одинако
вого количества жира.

При введении 0,25 мл на кг веса тела триолеина, меченого радиойодом (J131), со
держание радиоактивного жира в отдельных органах (в проценте введенного количества 
или в //л/г сырой ткани) не показывает достоверного отклонения от величин, определенных 
после внутривенного введения одинакового количества липоидов.

Если после внутримозгового введения 0,26 мл триолеина на кг веса тела кость 
переломается, то в отдельных органах выявляемо значительно меньше липоидов (число 
эмболов и радиоактивный триолеин), чем после введения в неповрежденную кость.

Введение липоидов в мозговую полость интактной кости является методом, равно
ценным внутривенному введению. Перелом кости уменьшает количество липоидов, по
падающих в кровообращение, до дроби введенного количества.

ОСТРАЯ НЕДОСТАТОЧНОСТЬ ПОЧЕК ПОСЛЕ ОТРАВЛЕНИЯ 
БИХРОМАТОМ КАЛИЯ

Ш. ЧАТА, Ф. ГАЙАШ и М. ТОТ

Обсуждается течение болезни двух пациентов с острой недостаточностью почек, 
возникшей вследствие острого отравления бихроматом калия. После краткого обзора 
литературы сообщется токсикология бихромата калия, а также клиникопатология и



терапия острого отравления. Один из больных умер вследствие того, что помимо отрав
ления имел место 10%-ый ожог тела. Обращается внимание на важность соблюдения 
предписаний по охране труда и, в случае отравления, на правильное оказание первой 
помощи.

ОСТРАЯ НЕДОСТАТОЧНОСТЬ ПОЧЕК ПОСЛЕ ОТРАВЛЕНИЯ 
ДИХЛОРЭТАНОМ

Ш. ЧАТА, Ф. ГАЙАШ, Д. ФРАНТ и М. ТОТ

Сообщается случай выздоровления после острой недостаточности почек, возник
шей после отравления дихлорэтаном. В связи с этим случаем обсуждается токсикология 
дихлорэтана и дается краткая клиникопатология отравления. Авторы обращают вни
мание на тот факт, что в просмотренной ими литературе это первый случай выздоровления 
при подобном заболевании в результате лечения гемодиализом.

ИЗМЕРЕНИЕ ДАВЛЕНИЯ В ВОРОТНОЙ ВЕНЕ МЕТОДОМ ВВЕДЕНИЯ  
РАДИОЙОДА В ПРЯМУЮ КИШКУ

Ш. ФАЗЕКАШ, Т. ЯВОР и Д. ПЕТРАНИ

Авторы определили время полураспада радиойода (J131), введенного в подслизи
стую прямой кишки. Оно составляет у больных с нормальной функцией печени 5,5 +  0,49 
мин, а у  больных с патологической функцией печени — 13,7 ±  2,65 мин.

На основе этих результатов авторы считают, что этот метод предоставляет возмож
ность для косвенного выявления портальной гипертонии.

ОФТАЛЬМОЛОГИЧЕСКАЯ ДИАГНОСТИКА НЕДОСТАТОЧНОСТИ СОННОЙ
АРТЕРИИ

П. ВЕЙНШТЕЙН

В офтальмологической недостаточности сонной артерии оказывают помощь: тень 
сонной артерии, появляющаяся на рентгенограмме черепа в проекции турецкого седла; 
ложноглаукоматозное углубление на глазном дне; концентрично суженный FFF; досто
верное снижение артериального давления в сетчатке; желтовато блестящая бляшка на 
глазном дне (эмбол из сонной артерии). В новейшее время на основе тонографического 
исследования можно выявить, что при недостаточности сонной артерии гомолатеральное 
уменьшение напряжения глаза, сопровождающее сжатие сонной артерии, отсутствует, 
тогда как при сжатии сонной артерии интактной стороны напряжение глаза на патологи
ческой стороне уменьшается.

ШОКОВАЯ ПОЧКА

Ф. РЕНЬИ-ВАМОШ, Ш. ЧАТА и М. ТОТ

Сообщаются 195 случаев анурии от шока; это 37,6% всех больных анурией, лечив
шихся авторами в течение 7 лет. Излагаются случаи олиго-анурии, развившейся у боль
ных после различных состояний шока. Наивысшая смертность отмечается после опера
ционного и бактериемического шока, а наименьшая — после постгеморрагического шока. 
Ответственным за возникновение анурии следует считать понижение клубочковой фильт
рации, поддерживаемое в свою очередь несколькими факторами (повреждением каналь
цев, наличием различных цилиндров в просвете канальцев, интерстициальным отеком 
и воспалением).
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