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Background and purpose - Parkinson'’s
disease (PD) is the most common movement
disorder and the second most common
neurodegenerative disease of the central
nervous system. Dizziness is frequently re-
ported by PD patients, yet there is a paucity
of research focusing on the vestibulo-ocular
reflex (VOR) in this population using high-
frequency vestibular testing. This study aims
to investigate the VOR in individuals with PD
using the video head thrust test with and
without suppression.

Methods - Forty individuals with PD and

40 healthy individuals were included in the
study. According to the Hoehn-Yahr Scale,
individuals with PD were defined as early
stage with a score of 1-2.5 and middle to
late stage with a score of 3 to 5. The Head
Impulse Testing Paradigm (HIMP) and Sup-
pression Head Impulse Testing Paradigm
(SHIMP) were applied to all individuals.
Results - No statistically significant differ-
ence was observed between the PD group
and the control group in terms of semicir-
cular canal (SCC) gains in both HIMP and
SHIMP tests. No catch-up saccades were ob-
served in the right anterior, right posterior,
left anterior, and left posterior SCC planes in
the PD and control groups. However, in the
right lateral SCC plane 32 patients in the PD
group had saccades, while 8 patients in the
control group had saccades. In the left lateral
SCC plane, 32 patients in the PD group and
9 patients in the control group had catch-up
saccades. A statistically significant difference
was observed in the number and ampli-

A videos fejimpulzusteszt szerepe a
vestibuloocularis reflex értékelésében
Parkinson-kéros egyéneknél

Sonkaya R, Assoc. Prof.; Karababa E, Asst.
Prof.; Bozkurt HK, MD; Satar B, MD

Hattér és cél - A Parkinson-kér (Parkinson’s
disease, PD) a leggyakoribb mozgaszavar és
a masodik leggyakoribb kdzponti idegrend-
szeri neurodegenerativ betegség. A PD-be-
tegek gyakran szamolnak be szédulésrél,
mégis kevés kutatas 6sszpontosit a vestibu-
loocularis reflexre (VOR) ebben a populacio-
ban nagyfrekvencias vestibularis teszteléssel.
E tanulmany célja a VOR vizsgalata PD-bete-
geknél videos fejlokésteszt (head thrust test)
segitségével, szuppresszidval és a nélkul.
Médszerek - A vizsgalatba 40 Parkinson-
koros és 40 egészséges személyt vontunk
be. A PD-betegeket a Hoehn-Yahr-skala
szerint korai stadiumunak (1-2,5 pont), illetve
kozéps6 és késdi stadiumunak (3-5 pont)
definidltuk. A fejimpulzus-tesztelési paradig-
mat (Head Impulse Testing Paradigm, HIMP)
€s a szuppresszios fejimpulzus-tesztelési
paradigmat (Suppression Head Impulse Test-
ing Paradigm, SHIMP) alkalmaztuk minden
egyéennél.

Eredmények - A PD-csoport és a kontroll-
csoport kdzott nem volt statisztikailag szig-
nifikans kulonbség a félkoros fvjarat- (semi-
circular canal, SCC) nyereséget illetéen

a HIMP- és SHIMP-tesztekben. Sem a PD-,
sem a kontrollcsoportban nem figyeltek meg
felzarkdzo (catch-up) szakkadokat a jobb el-
Uls8, a jobb hatso, a bal eltlsd és a bal hatso
SCC-sikokban. A jobb lateralis SCC-sikban
azonban a PD-csoportban 32 betegnél, mig
a kontrollcsoportban nyolc betegnél volt
szakkad. A bal lateralis SCC-sikban a PD-cso-
portban 32 betegnek, a kontrollcsoportban
pedig kilenc fének voltak catch-up szakkadjai.
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tude of saccades in the right and left lateral
SCC planes compared to the control group
(p<0.05). In addition, in the PD group, the
amplitude, peak velocity, and latency of the
anticompensatory saccades seen in SHIMP
showed a statistically significant difference
compared to the control group (p<0.05).
Conclusion - VOR in the vertical SCC

plane was not affected in individuals with

PD. However, VOR in the lateral SCC plane
was affected. It was concluded that when
evaluating VOR with both HIMP and SHIMP in
individuals with PD, the presence of catch-up
saccades should be focused on and evaluat-
ed for possible vestibular dysfunction, even
though SCC gains are normal. This study will
contribute to a deeper understanding of ves-
tibular function in PD, potentially informing
better management strategies for dizziness

A jobb és bal lateralis SCC-sikban a kontroll-
csoporthoz képest statisztikailag szignifikans
kulonbség volt megfigyelhetd a szakkadok
szamaban és amplitidojaban (p < 0,05).
Ezenkivil a PD-csoportban a SHIMP-ben ész-
lelt antikompenzatoros szakkadok amplitd-
dodja, csucssebessége és latencidja statisz-
tikailag szignifikans kulénbséget mutatott a
kontrollcsoporthoz képest (p < 0,05).
Kovetkeztetés - PD-betegeknél a vertikalis
SCC-sikban nem érintett a VOR, azonban a
lateralis SCC-sikban érintett. Arra a kovet-
keztetésre jutottunk, hogy a VOR HIMP és
SHIMP segitségével torténd értékelése soran
a PD-ben szenved6 egyéneknél a catch-up
szakkadok jelenlétére kell 6sszpontositani,
és ki kell értékelni azokat az esetleges vesti-
bularis diszfunkcio felfedezése érdekében,
még akkor is, ha az SCC-nyereség normalis.

in this population.

Keywords: head impulse test; Parkinson'’s
disease; suppression head impulse test;

vestibulo-ocular reflex

Parkinson’s disease (PD) is the second most common
neurodegenerative disease, characterized by motor
and non-motor symptoms including tremor, rigidity, bra-
dykinesia, and postural instability®. The prevalence of
PD increases with age and reaches a peak at the age of
85. Furthermore, it has been reported that the incidence
rate is 1.4 at the age of 60 years and 2.0 in patients older
than 90 years?. Dizziness is a common symptom in PD
patients, and its prevalence varies between 48 and 68%?.
It has also been reported that vestibular dysfunction is
observed in individuals with PD?,

The Head Impulse Test Paradigm (HIMP) is a test-
ing method used to evaluate the vestibulo-ocular reflex
(VOR) gain of each semicircular canal (SCC) individu-
ally. It is utilized to identify any catch-up saccades that
may occur during or after head movement>®. The Sup-
pression Head Impulse Test (SHIMP) is a new test meth-
od that evaluates the VOR gain of only the lateral SCC’.
The VOR gain value obtained from SHIMP is considered
more reliable as it is not influenced by covert saccades. It
has been reported that saccades seen in SHIMP provide
important information as they are a sign of vestibular
function®.

Two studies evaluating VOR with HIMP in individ-
uals with PD* % and one study applying both HIMP and

Ez a tanulmany hozzdjarulhat a vestibularis
funkcié mélyebb megértéséhez Parkin-
son-kdérban, ami jobb kezelési stratégiakat
eredményezhet a szédulés ellen ebben a
populacidban.

Kulcsszavak: fejimpulzusteszt, Parkin-
son-kér, szuppresszios fejimpulzusteszt,
vestibuloocularis reflex

SHIMP tests were identified. Since one of the main
symptoms of PD is postural instability, it is estimated to
be related to dysfunction in the vestibular system®. Upon
reviewing the literature, it becomes evident that there
remains a paucity of studies examining VOR in Parkin-
son’s disease utilizing high-frequency vestibular tests.
Therefore, we aimed to evaluate the VOR function in
individuals with PD using HIMP with and without sup-
pression.

Materials and methods

Individuals with PD and control groups participated in the
study after providing informed consent. Our study was
conducted according to the Declaration of Helsinki. Af-
ter approval by the Clinical Research Ethics Committee
of our university (Protocol Number: 2022/30; December
13, 2022), data were collected between January 2023 and
November 2023. All patients with PD were examined by
a neurologist who was one of the authors. Additionally,
the modified Hoehn & Yahr scale was employed to as-
sess disease severity'2. According to this scale, individ-
uals with PD were defined as having an early stage with
1 to 2.5 score and a mid-late stage with 3 to 5. Individu-
als with PD continued to use their medications. Bedside
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assessment (spontaneous nystagmus, posi-
tional nystagmus) was performed, and other

Table 1. Demographic characteristics

diseases were excluded. Individuals with ~ Characteristic Parkinson’s  Control t,Z p
spontaneous nystagmus due to an acute Disease Group

or chronic peripheral disease, individuals Group (n=40)

with positional nystagmus in Dix Hallpike (n=40)

and Head Roll tests were excluded from  Age (year, x £ SS) 61.13+£948 5963+8.06 t 0.448
the study. HIMP and SHIMP tests were ap- 0.762

plied to all individuals, respectively. Inclu-  Disease duration ~ 5(1/18) -

sion criteria for the PD group: individuals  [year, x (min/max)]

diagnosed with idiopathic PD according to  Gender n % n % X2 p

the UK_Park|n§on’s_D|_sease Society Brain Fermnale 17 5 20 =0 0201° 0654
Bank diagnostic criteria. For the control Male 23 575 20 50

group, healthy individuals without any
vestibular complaints were included. Indi-

Tremor status -

. . . Right t 18 45
viduals with more than 30 dB hearing loss, R:éht nrngtorremor 4 10
other neurologic disorders, and ear surgery Left tremor 10 25
were excluded from the study. All measure- Left non-tremor 8 20

ments were performed in the ‘on’ period of
patients with PD. Individuals with PD who
continued to use medication (Clinic on Pe-

Disease stage -
Early stage
Middle-late stage 14 35

26 65

riod) were included in the study. Moreover,
while applying the VHIT and SHIMP tests,
head impulse movements were made with
small amplitudes of 10-20 degrees/second.
Therefore, the influence of stiffness seen in
individuals with PD was minimized.

Head Impulse Test Paradigm (Video Head
Impulse Test, HIMP)

HIMP (Interacoustics, Denmark) was applied to all indi-
viduals in the PD and control groups by the same clini-
cian. The data obtained from the goggles with a monocu-
lar camera weighing 32 g was transferred to the monitor
with the OtoAccessTM computer software program. All
subjects were seated on a fixed chair with a distance of
1 meter from a round, 1 cm target on the wall. The gog-
gles were worn tightly on the head to prevent the goggles
from slipping during head thrusts. All individuals were
given a detailed explanation of HIMP. After head and eye
calibration, lateral, right anterior left posterior (RALP),
and left anterior right posterior (LARP) head thrusts were
performed in the SCC planes. For each channel, 10 head
thrusts were applied®.

Supression Head Impulse Test (SHIMP)

After the HIMP test, the SHIMP test was performed
without changing the position of the subjects. In this test,
they were asked to look at the laser light on the goggles
instead of the target on the wall. All subjects were ex-
amined by the same clinician performing 10 head thrusts
in the lateral SCC plane. Head thrust movements were
performed randomly so that the patient could not predict

X £SS: Mean + Standard deviation; X (min/max): Median (minimum-max-
imum); Z: Mann Whitney U Test; t: Independent Samples t-test; X?: Chi
Square; a: Continuity Correction; n: number of individuals; %: percent

the direction of the impulse. Meanwhile, they were in-
structed to follow the laser light projected on the wall in
the center of the goggles during head thrusts’.

Statistical analysis

Data obtained in study were analyzed statistically using
SPSS v.24.0 software (Chicago, IL, USA). Conformity of
variables to normal distribution was assessed using ana-
lytical (Shapiro-Wilk test) and visual (histograms, proba-
bility graphs) techniques. Differences in demographic in-
formation and measurement results were compared using
the Independent Samples t-test and the Mann-Whitney
U-test. The Chi-square test was employed to evaluate
gender differences. The alpha level of statistical signif-
icance was set as p<0.05.

Results

In our study, 42.5% of the Parkinson’s patients were
female and 57.5% were male, and their mean age was
61.13 + 9.48 years. In the control group, the gender ra-
tio was equal (50%) and the mean age was 59.63 + 8.06
years. There were no statistically significant differenc-
es between the two groups in terms of gender and age
(p>0.05) (Table 1).

On average, Parkinson’s disease started five years be-
fore, with 65% of patients in the early stage and 35% in
the middle to late stage. Additionally, when classified by
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Table 2. Pairwise group comparisons

n Parkinson’s Control Group p t,Z

(P-O) Disease Group
Right lateral gain (x £ SS) 40-40 0.92+0.15 0.95+0.10 0279  t©-1.091
Right lateral saccade count 40-40 6 (0/10) 0(0/10) <0.00* 7:-5.258
[x (min/max)]
Right lateral saccade amplitude 32-8 1.65 1.25 0.08*  Z:-2.672
[x (Min/max)] (0.68/4.55) (0.64/1.35)
Right lateral saccade peak velocity ~— 32-8 116.24 90.02 0.023*  7:-2.265
[x (Min/max)] (51.63/241.26) (52.59/109.43)
Right lateral saccade duration 32-8 34.73 32.99 0.164  Z:-1.420
[x (Min/max)] (26.50/76) (28.25/34.50)
Right lateral saccade latency 32-8 299.91 24715 0222  ©1.241
(x £SS) (128.90/491.67) (155.30/360)
Left lateral gain (x + SS) 40-40 0.93+0.16 0.99+0.12 0.057 t©-1.936
Left lateral saccade count 40-40 5.15+3.46 1.47 +2.90 <0.00* t5.141
(X SS)
Left lateral saccade amplitude 329 1.59(0.90/4.43) 1.17 (0.74/1.95) 0.029*% Z:-2.174
[X (Mmin/max)]
Left lateral saccade peak velocity 32-9 105.63 86.62 0.060  Z:-1.890
[x (Min/max)] (60.87/240.85) (60.05/123.60)
Left lateral saccade duration 329 34.69 35.11 0793  Z:-0.284
[X (Min/max)] (29.33/77.29) (30.22/41.72)
Left lateral saccade latency 32-9 261.50 267.44 0.609  Z:-0.535
[x (Min/max)] (119.78/2228.50)  (179.89/372.80)
Right posterior gain 40-40 0.88 1.01 0.121 Z:-1.550
[x (Min/max)] (0.43/1.23) (0.76/1.20)
Right anterior gain 40-40 1.03 0.98 0185  Z:-1.234
[x (Min/max)] (0.40/1.22) (0.82/1.18)
Left anterior gain 40-40 1.04 1.02 0.627  Z: -0.486
[X (min/max)] (0.32/1.22) (0.77/1.20)
Left posterior gain 40-40 0.88 +0.28 0.96+0.13 0112  t©-1.617

(X £55)

X £SS: Mean + Standard deviation; x (min/max): Median (minimum-maximum); Z: Mann Whitney U Test; t: Independent Samples

t-test; n: number of individuals; * p<0,05; P-C: Parkinson-Control

tremor findings, 45% of patients exhibited a right tremor,
25% a left tremor, 20% a left non-tremor, and 10% a right
non-tremor (Table 1).

The counts of right lateral saccades (p <0.00), left lat-
eral saccades (p < 0.00), and the amplitudes of left lat-
eral saccades (p: 0.029) were found to be significantly
increased in patients compared to controls. While the
amplitude of right lateral saccades (p: 0.08) did not show
a significant difference, the peak velocity of right lateral
saccades (p: 0.023) was also significantly increased in
patients (Table 2).

The analysis of SHIMP data revealed significant de-
creases in the count of right lateral anticompensatory sac-
cades (p < 0.001), the amplitude of right lateral saccades
(p = 0.002), the peak velocity of both right lateral (p =

0.002) and left lateral (p < 0.001) saccades, as well as
the count of left lateral anticompensatory saccades (p =
0.001) among patients compared to controls. Moreover,
the latency of both right lateral (p = 0.001) and left lateral
saccades (p<0.001) exhibited significant increases in pa-
tients compared to controls (Table 3).

Pairwise group comparisons were made according to
tremor findings in the Parkinson’s disease group, and ac-
cording to this analysis, no statistical difference (p> 0.05)
was found in the SHIMP right lateral gain, HIMP right
lateral gain, HIMP right lateral saccade count, HIMP
right anterior gain, HIMP right anterior saccade count,
HIMP right posterior gain, and right posterior saccade
count results of right tremor and right non-tremor Par-
kinson’s patients. However, a statistically significant dif-
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Table 3. Paired group comparisons of SHIMP values

n Parkinson’s Control Group p t,Z

(P-O) Disease Group
SHIMP right lateral gain (x + SS) 40-40 0.88+0.15 0.90 +0.09 0.618 t:-0.501
SHIMP left lateral gain (x + SS) 40-40 0.90+0.15 0.95+0.10 0.070 t.-1.839
SHIMP right lateral anticompensatory  40-40 7.5(0/10) 9.5 (3/10) <0.00*  Z:-4.128
saccade count [X (min/max)]
SHIMP right lateral saccade amplitude  34-40 47+1.6 6.2 +2.09 0.002*  1t.-3.286
(X £55)
SHIMP right lateral saccade peak 34-40 228.18 289.21 0.002*  7:-3.070
velocity [x (min/max)] (120.75/330.74) (144.31/432.52)
SHIMP right lateral saccade duration 34-40 48.35 (34/62.12) 46.65 0.558 Z:-0.586
[X (min/max)] (30.33/64.20)
SHIMP right lateral saccade latency 34-40 330.03 209.95(82/454.41) 0.001*  Z:-3.319
[X (min/max)] (161.10/455.75)
SHIMP left lateral anticompensatory 40-40 8(0/10) 10 (2/10) 0.007* Z:-3.293
saccade count [x (min/max)]
SHIMP left lateral saccade amplitude  33-40 497 +£1.91 6.87 +2.07 <0.00*  t:-4.033
(X £55)
SHIMP left lateral saccade peak 33-40 238.87 348.22 <0.00*  Z:-3.791
velocity [x (min/max)] (123.28/367.09) (154.86/434.68)
SHIMP left lateral saccade duration 33-40 47.73 +5.68 4899 + 4.15 0.293 t:-1.093
(£ SS)
SHIMP left lateral saccade latency 33-40 298.12 190.63 <0.00*  Z:-4.090
[x (min/max)] (119.22/542.25) (120.90/553)

X £SS: Mean + Standard deviation; x (min/max): Median (minimum-maximum); Z: Mann Whitney U Test; t: Independent Samples
t-test; n: number of individuals; * p<0,05; P-C: Parkinson-Control; SHIMP: Suppression Head Impulse Paradigm

ference was observed between the two groups in the left
lateral saccade count (p: 0.043) and left posterior gain (p:
0.044) results of left tremor and left non-tremor Parkin-
son’s patients. HIMP left lateral saccade count was found
to be higher in left tremor Parkinson’s patients, but HIMP
left posterior gain results were higher in left non-tremor
Parkinson’s patients (Table 4).

Discussion

According to our results, VOR gains between the PD and
the control groups were observed within normal limits in
all SCC planes. However, within the PD group, a high-
er number of saccades were observed in the lateral SCC
plane compared to the control group, and the amplitudes
of saccades detected in HIMP were larger. In SHIMP, an-
ticompensatory saccades with smaller amplitudes were
observed.

In our previous study*?, where we evaluated VOR us-
ing the functional head impulse test (fHIT) in individuals
with PD, we observed impaired functional VOR in the
right lateral, left lateral, and left posterior SCC planes. In

the present study, while the VOR gains in the right and
left lateral SCC planes were within normal limits, we ob-
served VOR impairment due to the presence of saccades.
In contrast to our previous study, we did not detect any
effects in the vertical SCC plane. We speculate that this
discrepancy may be attributed to the greater sensitivity of
the fHIT to detect minor eye movements compared to the
HIMP test. Despite the VOR gains appearing normal in
HIMP, the occurrence of catch-up saccades may suggest
an underlying VOR defect.

Hawkins et al. found that HIMP and SHIMP VOR
gains applied to individuals with PD were similar to
those in the control group. However, they found that the
anticompensatory saccade peak velocity in SHIMP de-
creased and its latency prolonged. In another study by
Hawkins et al., where only HIMP test was applied to indi-
viduals with PD, they reported that VOR gains in all SCC
planes were not affected’. Both studies showed similar
results to ours. The anticompensatory saccades seen in
the SHIMP test are an indicator of vestibular function. In
our study, the amplitude of anticompensatory saccades in
the PD group was significantly lower than in the control
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Table 4. Pairwise group comparisons according to tremor findings in Parkinson’s disease group

Right tremor Right non-tremor p tZ

n: 18 n: 4
SHIMP right lateral gain 0.86+0.12 0.93+0.11 0.324 t.-1.011
(X £55)
HIMP Right lateral gain (x + SS) 0.89+0.15 0.98 +0.12 0.267 t-1.141
HIMP Right lateral saccade count 6 (0/10) 4.50 (4/9) 0.774 Z:-0.301
X (min/max)]
HIMP Right anterior gain 0.99 (0.40/1.22) 1.12(1/1.22) 0.118 Z:-1.577
[X (min/max)]
HIMP Right anterior saccade count 0(0/9) 0 (0/0) 0.538 Z:-1.012
(X (min/max)]
HIMP Right posterior gain 0.90 £ 0.21 1.06+0.16 0.195 t:-1.339
(x £SS)
HIMP Right posterior saccade count 0 (0/9) 1(0/9) 0.652 Z: -0.544
[x (min/max)]

Left tremor Left non-tremor p t,Z

n: 10 n: 8
SHIMP left lateral gain 094 +0.17 0.88+0.16 0.494 t:0.701
(X £ SS)
HIMP Left lateral gain (x + SS) 0.98 +0.20 0.92+0.19 0.540 t:0.627
HIMP Left lateral saccade count 8 (0/10) 5(0/7) 0.043* Z:-2.061
[X (min/max)]
HIMP Left anterior gain 0.96 (0.43/1.22) 1.13(0.32/1.20) 0.146 Z:-1.514
[X (min/max)]
HIMP Left anterior saccade count 0 (0/5) 0 (0/0) 0.762 Z:-0.894
[X (min/max)]
HIMP Left posterior gain 0.84+0.22 1.04+0.16 0.044* t-2.190
(x £ SS)
HIMP Left posterior saccade count 0 (0/10) 1(0/8) 0.696 Z:-0.455

[X (min/max)]

X £SS: Mean + Standard deviation; x (min/max): Median (minimum-maximum); Z: Mann Whitney U Test; t: Independent Samples t-
test; n: number of individuals; * p<0,05; P-C: Parkinson-Control; SHIMP: Suppression Head Impulse Paradigm; HIMP: Head Impulse

Paradigm

group. Individuals with PD did not show anticompensa-
tory saccades as much as the control group. In addition,
the fact that the amplitude of the catch-up saccades in the
HIMP was larger than in the control group also supports
the involvement of the VOR. This may be explained by
the involvement of the VOR function.

No significant difference was observed between
SHIMP VOR gains in individuals with PD with and with-
out left and right tremors. In HIMP, significant difference
was observed only between the left posterior SCC gains
of individuals with left tremor and individuals with left
non-tremor. VOR gains in all other SCC planes showed
similar results.

In our study, lateral SCC VOR gains in SHIMP were
lower than HIMP in both groups. However, it was not

statistically significant. In a study conducted on patients
diagnosed with bilateral vestibulopathy, VOR gains in
SHIMP were lower than those in HIMP?*, Although the
mechanism of this situation is not yet fully known, it has
been suggested that the underlying cause of VOR gain
differences in both tests may be VOR phasic response
inhibition®®. The amplitude in SHIMP was lower in the
PD group compared to the control group. In a study, it
was reported that there may be a decrease in amplitude
with age?®. In our study, we think that there is a decrease
in amplitude due to PD, since the ages of both the PD and
control groups are similar.

In conclusion, although VOR gains in the HIMP test
were within normal limits, the catch-up saccades seen in
the lateral SCC plane indicate impairment in the VOR.
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The small number of saccades seen in the SHIMP test,
and their lower amplitude compared to the control group
support and explain the saccades seen in the HIMP test.
We propose that developing a rehabilitation program tar-
geting not only the proprioceptive system but also the
VOR in the lateral SCC plane may prove effective in ad-
dressing the imbalance observed in individuals with PD.

We do not know whether the medication (L-dopa)
used by the individuals with PD who participated in our
study has an effect on VOR and it is a limitation of our
study. We recommend that future studies explore VOR
functions in more comprehensive groups encompassing
various forms of parkinsonism.
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Background and purpose - Quadriceps
femoris muscle spasticity is commonly
measured by the Wartenberg pendulum test.
It is generally assumed that lower values of
the number of swings of the leg and lower
relaxation indexes are associated with higher
muscle tone and more spasticity. Still, there

is incoherence regarding the test's applica-
tions with various body positions and starting
mechanisms. This study aims to investigate
the influence of body position, leg dominance,
and automatic leg-releasing mechanism on
muscle tone measured by pendulum test

in healthy population whose muscle tone is
often compared to the spastic muscle tone of
patients with neurologic disorders.

Methods -15 healthy adults (age: 19-32
years, 9 males, 6 females) participated in this
study. A Zebris 3D ultrasound-based motion
analysis system was used to record kinemat-
ic data during the pendulum test. The num-
ber of swings of the leg and the relaxation in-
dex were computed from the collected data.
The pendulum test was completed in eight
conditions: in supine and semi-supine posi-
tions on the dominant and non-dominant leg
separately and with investigator-release and
automata-release mechanisms. Paired t-tests
and Wilcoxon test with the significance level
of .05 were applied in comparison of pairs of
the pendulum test condition.

A testhelyzet, a végtag-dominancia
és az automata elengedési méd
hatasa az izomténusra ép testd, fiatal
felnétteknél

Mayer P; Bodor A, PhD; Szabo D; Laczkd J,
PhD; Zentai N, PhD

Hattér és cél - A quadriceps femoris izom
spasticitasanak meghatarozasara gyakran
Wartenberg-pendulumtesztet alkalmaznak.
Altaldnossagban azt feltételezik, hogy a
labszar lengésszamanak alacsonyabb értékei
és az alacsonyabb relaxacios indexek maga-
sabb izomténussal és nagyobb spasticitassal
jarnak egyltt, de nincs egységes testhelyzet-
és inditasi modszer alkalmazas a teszt soran.
A jelen tanulmany célja megvizsgalni a test-
helyzet, a lAbdominancia és a lab automata
elengedésének hatasat a pendulumteszttel
mért izomtonusra egészséges populacioban,
akiknek izomténusat gyakran hasonlitjak
0ssze neurologiai betegek spasticus izom-
toénusaval.

Médszerek - Tizenot egészséges, felndtt
(életkor: 18-32 év, 9 férfi, 6 n6) dnkéntes
vett részt a vizsgalatban. A pendulumteszt
soran kinematikai adatokat rogzitettink
Zebris 3D-s ultrahang alapl mozgasvizs-
gald rendszerrel. Ezekbdl az adatokbdl
szamitottuk a lab lengésszamat és a rela-
xacios indexet. A tesztet nyolc kondicidban
végeztettik el: félfekvé helyzetben, haton
fekvésben, a dominans és a nem dominans
végtaggal kulon-kilon, a vizsgalo altali és az
automata elengedés modszerével. A kondi-
ciok adatainak 6sszehasonlitdsahoz paros
t-probat és Wilcoxon tesztet alkalmaztunk, a
szignifikanciaszint p < 0,05 volt.
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Results - 1) Applying automata-release
mode, in the non-dominant leg the num-
ber of swings (p=0.03) and the relaxation
index (p<0.001) were significantly higher in
semi-supine than in supine position. 2) The
non-dominant leg had significantly more
swings than the dominant leg in both body
positions with automata-release mode
(p=0.009, p<0.001). In investigator-release
mode this occurred in supine position
(p<0.001). 3). Regarding the number of
swings in investigator-release versus autom-
ata-release mode, no significant differences
were found in any test condition, but the
relaxation index showed significant differ-
ence for the non-dominant leg (p=0.01,
p=0.009). 4) The values of the relaxation
index didn't support in all test conditions the
results what the number of swings provided
about the muscle tone. In automata-release
mode, the dominant leg has a lower number
of swings and a higher relaxation index than
the non-dominant leg.

Conclusion -The effect of body position on
the quadriceps muscle tone can be assessed
by applying the pendulum test with an auto-
matic leg-releasing mechanism even when
the application of conventional investiga-
tor-release mode does not show a significant
effect. The pendulum test is more sensitive
to assess spasticity with automatic-release
than with investigator-release mode.

Keywords: spasticity, Wartenberg pendu-
lum test, leg swings

Eredmények - 1) Automata elengedés
alkalmazasakor a lengésszam (p = 0,03) és a
relaxacios index (p < 0.001) magasabb volt
félfekvé helyzetben, mint haton fekvésben.
2) A nem dominans végtagnal a lengések
szama magasabb volt, mint a dominans ol-
dalon, mindkét testhelyzetben, amikor auto-
mata elengedést alkalmaztunk (p = 0,009,

p <0,001). A vizsgalo altali elengedés esetén
ezt haton fekvésben tapasztaltuk (p < 0.001).
3) Alengések szamaban nem talaltunk szig-
nifikans kdlénbséget a vizsgald altali elenge-
dés és az automata elengedés kozott egyik
kondiciéban sem, de a relaxaciés index ér-
tékei szignifikans kulonbséget mutattak

a nem dominans végtag esetén (p = 0,01,

p =0,009). 4) A relaxacios index értékei nem
minden tesztkondicidban tdmasztottak ala

a lengések szamabol kovetkeztethetd izom-
ténus-eredmeényt. Automata elengedéskor
a dominans oldali also6 végtag lengésszama
alacsonyabb, relaxaciés indexe pedig maga-
sabb volt, mint a nem dominansé.
Kovetkeztetés - A testhelyzet hatasa

az izom ténusara mérhetdvé valik olyan
pendulumteszt alkalmazasanal, amelynél
automata inditast hasznalnak, még abban
az esetben is, ha ezt a hagyomanyos,
vizsgald altal inditott teszt nem mutatja.

A pendulumteszt érzékenyebb spasticitast
méré modszer automata elengedést al-
kalmazva, mint a vizsgald altali elengedést
hasznalva.

Kulcsszavak: spasticitas, Wartenberg-
pendulumteszt, lablengés

pasticity is defined as a motor disorder featured by

a velocity-dependent increase in muscle tone or ton-
ic stretch reflexes associated with hypermuscletonial. It
is commonly the consequence of an upper motoneuron
lesion, which is proximal to the alpha motor neurons,
therefore within the spinal cord or brain. Spasticity ap-
pears as a symptom in many neurological diseases, such
as spinal cord injury, stroke, cerebral palsy, anoxia, trau-
matic brain injury, multiple sclerosis, and other neurode-
generative disorders?. Spasticity harms the quality of life
with stiff and painful joints*“ and can therefore interfere
with daily function, hygiene, and nursing care®. It is gen-
erally accepted that spasticity is easy to recognize, but
not so easy to quantify, which is crucial in determining
treatment interventions. The most common and current-
ly used clinical measures for spasticity are quantitative
scales such as Ashworth or Tardieu Scale®®, but they
lack objectivity. This means that small changes in the

level of spasticity could be disguised, and this makes it
difficult to evaluate the effectiveness of treatment inter-
ventions.

The pendulum test was introduced by Wartenberg as
a simple and reliable clinical test to objectively quantify
quadriceps muscle tone in Parkinson’s disease®. In this
test, the patient is placed on a bench with the lower limb
hanging freely from the knee. Afterward, the examiner
lifts the relaxed lower leg to the horizontal, fully extend-
ed knee position and then releases it to swing freely with
regular, gradually decreasing movements, like a pendu-
lum. The number of substantial swings is 6 to 7 in healthy
subjects and a reduced number of swings could be found
in spastic patients.

There is incoherence in the application of various
initial body positions and starting mechanisms. Previous
studies have used different body postures including up-
right'® "' supine'> *, and semi-supine'* . The semi-su-
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pine positions alternated between 15 and 70 degrees of
hip flexion. Muscle spasticity is muscle length depen-
dent®®, and the increase of muscle length augments the
stretch reflex activity!”!?, therefore the positioning of
subjects during measurement could influence the results
of the spasticity assessment, particularly when bi-artic-
ular muscles are involved. However, Burke et al. found
in the case of the quadriceps femoris muscle, that the
lengthening has an inhibitory effect?®. There are contra-
dicting findings in the literature about the comparison
of different testing positions. Studies?2 showed, that a
change in body posture from sitting to supine enhanced
the spastic state during the pendulum test, with increased
muscle activity and changed goniometric parameters. In
our previous study, we also found, that the number of
swings in the pendulum test performed in semi-supine
position was significantly higher than in supine position
in the case of a spinal cord-injured (SCI) person®. In con-
trast, others' 2> 26 found that the position of the subject
has no practical significance.

Features of healthy muscle tone cannot be neglected
since healthy subjects are mostly involved in the pendu-
lum test studies as control group?-’, and there are in-
vestigations®"3' in which the muscle tone of the healthy,
non-affected side of hemiplegic patients is compared to
the spastic side. Only a few studies'**?> measured during
the test the muscle tone solely in healthy subjects irre-
spective of patients, although knowledge of
the characteristics of healthy muscle tone
can be useful in research when healthy and

lum test more objective. In only a few studies*3® were
special apparatuses built to hold the limb magnetically>
% or by a light strap around the ankle** for the opportu-
nity to release the leg abruptly and make the assessment
more objective. In these studies, they did not compare
the automatic releasing mechanisms to the usually used
hand release.

It was therefore the aim of this study to investigate
the effects of body positions, leg dominance, and au-
tomatic releasing mechanism on leg kinematics during
the Wartenberg pendulum test in healthy young adults.
We hypothesized that body positions and leg dominance
would change the kinematic pattern of the lower limb and
an automatic leg releasing procedure would increase the
sensitivity and objectivity of the test.

Methods
Participants

Fifteen able-bodied, college-aged students volunteered in
the present study (age range: 19-32 years, 9 male and 6
female). Table 1 summarizes the characteristics of the
subjects. All participants gave their informed consent
before participating in the study, which was approved
by the Medical Research Council, Hungary (Approval
Number: BM/8964-1/2024). Neurologic disorders, pre-

Table 1. Characteristics of the participants

spastic muscles are compared. Participant Age (years) Lowerleg  M-Ash- Leg domi-

To the best of our knowledge, it has not length worth score nance
been investigated how can leg dominance right/left right/left
influence the spasticity of the muscles, (cm) leg
while pendulum test is applied. Previous 4 21 45/45 0/0 right
study showed® .that greater q.uadr%ceps 5 2 36.5/36 0/0 right
muscle volume is associated with higher
levels of knee extensor muscle spasticity > 22 40740 0/0 right
in children with spastic diplegic Cerebral 4 25 36/36 0/0 right
Palsy (CP). . _ 5 32 36.5/36.5  0/0 right

Du.e. to their loss of sensa‘qon, spinal 6 3 36.5/36 0/0 right
cord-injured people do not perceive the mo- :
ment of foot release, for them, it is always U 24 40740 0/0 right
an unexpected event. During our previous 8 21 40/40 0/0 right
measurements, we found that there is inter- g 19 46/46 0/0 right
f.erence between the subjegt and the inves- 10 Py 45/44.5 0/0 loft
tigator and when the examiner releases the .
foot, the able-bodied test subjects already 1 23 49/49 0/0 right
expect the start from the examiner’s small 12 21 45,5/46 0/0 right
hand movements, and this can influence the 13 26 41/41 0/0 right
movement pattern of the swing. The more 44 bY 46/46 11 right
times we measure, the more pronounced it :

15 27 46/45,5 0/0 right

is. We wanted to prevent this phenomenon
with an automatic releasing mechanism de-
veloped by us, which can make the pendu-

M-Ashworth score 0: No resistance in skeletal muscle tone; M-Ashworth score
1: Slight increase in muscle tone
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vious trauma or prior surgery of the knee joints, active
knee arthritis or pain, and deformities over knee joints
were excluded.

Measurements

For each participant, we collected anthropometric data
including age, leg dominance, and lower leg length, fur-
thermore, we evaluated the quadriceps muscle tones with
a spasticity scale (Table 1).

Leg dominance was determined as the leg used to kick
a soccer ball. Van Melick et al. found that the leg what is
used to kick the ball had 100% agreement between the
self-reported and detected dominant leg for both women
and men*’. According to this, we asked our participants
to denote which foot they would kick the ball with, to
determine their leg dominance.

Lower leg length was measured in a seated position as
the distance between the head of the fibula and the sole,
assessed by measure band. Quadriceps muscle tone was
assessed by a physiotherapist using a modified version of
the Ashworth scale’.

Pendulum test is a Zebris 3D ultrasound-based mo-
tion analysis system (ZEBRIS, CMS10, Medizintech-
nik GmbH, Isny, Germany). It was used to collect and
record the kinematic data during the pendulum test.
The Zebris system consists of a central measuring unit,
three ultrasound-emitting heads, and small markers
with ultrasonic microphones. The central measuring
unit sampled the marker position data at 50 Hz. The sys-
tem provides the Cartesian coordinates (X, y, and z) of the
markers. Four small (diameter of 5 mm) markers were
attached to anatomical landmarks of the leg: the head of
the fibula, the greater trochanter of the femur, the later-
al epicondyle of the femur, and the lateral malleolus of
the fibula. All collected data was saved for processing
with WinData software (Zebris Company) on Windows
7 (Microsoft, Redmond). The same Zebris system simul-
taneously recorded the EMG activity in the vastus later-
alis, vastus medialis, rectus femoris, and biceps femoris
muscles in both legs using surface electrodes. The EMG
activities were recorded at 900 Hz.

Procedure

For the pendulum test, each subject sat at first in a com-
fortable position on a specially designed couch with his or
her trunk reclined 45 degrees from vertical in a semi-su-
pine position and then in a supine lying position and
with the lower leg hanging over the edge of the couch.
All participants wore shorts and were barefoot. Four
Zebris markers were attached on the lateral side of the
subject’s legs. EMG surface electrodes were placed over
the above-mentioned tight muscles of both legs. Before
placing the electrodes, the skin was shaved if necessary,

nd lightly abraded with alcohol. Two disposable silver
ilver-chloride electrodes were applied over each muscle
reference electrode was placed over the patella.

The participants were asked to relax their legs with-
ut any voluntary contraction during the whole test; to
e sure about the relaxed starting position, we used EMG
ignals®. The tests were performed with two releasing

odes (a, b), in supine and semi-supine body positions
ith the dominant and the non-dominant leg, thus the
est was performed and analyzed in eight conditions. In

Figure 1. Experimental setup for pendulum test with
automata foot-releasing apparatus

A: adjustable backrest in 45 degrees semi-supine position, B:
plate with electromagnet, C: control unit

investigator-release mode the investigator held the foot
and fully extended the knee joint, and then released the
leg to swing freely. In automata-release mode the leg was
released automatically by a foot-releasing apparatus: the
foot was supported on a plate, which folded down abrupt-
ly, randomized by a computer (Figure 1).

The automatic foot release mechanism consists of a
plate (38 cm by 34 cm), that is attached by hinges to a
sturdy table. When locked, the plate is held in a horizon-
tal position by a strong electromagnet (similar to those
that keep doors locked in buildings). For safety reasons
the magnet does not snap in the plate, mechanical switch-
es detect when the plate is rotated by hand to the up po-
sitions, and the electromagnet only switches on when
contact has already been made with the armature plate.
When the examiner sends a ready signal to the control
unit, it waits between 5 and 15 seconds (chosen uniform-
ly randomly), then switches off the electromagnet thus
releasing the plate, which abruptly swings down, away
from the participant. Participants completed three trials
for each condition with five seconds between trials and
five minutes between conditions.

Data processing

Recorded marker position data were processed by
self-developed computer programs using MATLAB (The
MathWorks, Natick, MA) and Python (Python Software
Foundation, Wilmington, DE, USA). Knee joint angles
were calculated from marker coordinates by trigonomet-
ric equations.

Outcome measures

The number of swings: The time course of the knee angle
was analyzed. The extreme values (minimal and maximal
knee angles) were identified consecutively in each swing,
and the swings were counted until the difference between
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two consecutive extreme values was bigger
than 3% of the difference between the first
minimum and maximum values.

Relaxation index (RI): An index, as the
measure of spasticity, is the ratio between
the amplitude of the first knee angle flexion
and the difference between the starting an-
gle and resting angle*?. This index has been
verified as an indicator of spasticity'* 3% 4
and in healthy subjects, RI was found to be
1.6 or more*? (Figure 2).

Statistical analysis

The data were analyzed using SPSS Statistics
software (Version 29.). We compared data
from the supine position with that from the

semi-supine position and data of the domi-
nant leg with the data of the non-dominant leg,
furthermore, data was obtained in investiga-
tor-release and automata-released mode. The
normality of the data sets was assessed us-
ing the Shapiro-Wilk test. Data sets that fol-
lowed a normal distribution (p> 0.05) were
analyzed using a paired t-test, while non-normally dis-
tributed data sets (p < 0.05) were analyzed using the Wil-
coxon signed-rank test. To perform a proper statistical
analysis, different numbers of trials were included in the
comparison of different pairs of test conditions, as some
measurements were excluded due to measurement errors.

To assess the relationships between the number of
swings and the relaxation indexes in our study, both Pear-
son and Spearman correlation coefficients were utilized
based on the data distribution characteristics. Pearson’s
correlation coefficient was applied to data sets that were
normally distributed (p > 0.05) to evaluate the linear rela-
tionships between them. For data sets that did not follow
a normal distribution (p < 0.05), Spearman’s rank cor-
relation coefficient was used to determine the monotonic
relationships.

Cohen’s d was calculated to determine the effect sizes
of the differences in the number of swings and relaxation
index between the compared conditions and categorized as
low (0.2-0.49), moderate (0.5-0.8), or strong (> 0.8). All
analyses were performed using SPSS Statistics (Version
29.), and the significance threshold was set at p < 0.05.

Results

Number of swings

Comparing the number of swings in semi-supine versus

supine positions (Table 2), in investigator-release mode,
there were marginally significant differences, meaning a
slightly bigger number of swings in semi-supine position

Figure 2. Knee angle during the pendulum test in subject number 14
on non-dominant leg with investigator release in semi-supine position

Fully extended knee means 0 knee angle. RI: relaxation index, A : Amplitude be-
tween the starting angle and resting angle, A,: Amplitude between the first knee
angle flexion and the starting angle

(p=0.06, p=0.07). In automata-release mode, the number
of swings was significantly higher in semi-supine than
in supine positions, in the case of the non-dominant leg
(p=0.03). This indicates higher muscle tone in supine po-
sition.

Comparing the number of swings in the dominant leg
versus the non-dominant leg (Table 3), it was found that
the non-dominant leg had significantly more swings with
automatic-release mode in both body positions (p=0.009,
p<0.001) and also in hand-release mode in supine body
position (p<0.001). This indicates higher muscle tone in
the dominant leg.

Comparing the number of swings in investigator-re-
lease mode versus automatic-release mode (Table 4), there
were no significant differences in either test condition.

Relaxation index

Comparing the relaxation index obtained in semi-supine
versus supine positions (Table 2) the RI values were sim-
ilar in the case of investigator-release mode and RI was
significantly smaller in supine than in semi-supine posi-
tion when automata-release mode was applied (p=0.005,
p<0.001). This indicates higher muscle tone in supine
position.

Comparing the relaxation index in the dominant leg
versus the non-dominant leg (Table 3), the RI was sig-
nificantly smaller for the non-dominant leg in both re-
lease modes and positions (p=0.02, 0.01, 0.02, 0.04).
This indicates a higher muscle spasm in the non-do-
minant leg.
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Table 2. Means of the outcome measures of the Pendulum Test in 2 body positions. (Means across trials and par-
ticipants). The (n) is the total number of trials of all of the participants considered in the comparison of the paired
conditions. The (d) denotes the Cohen’s effect size

Outcome measures and conditions Supine Semi-supine p d n
Number of swings Mean + SD

tInvestigator-release mode, dominant leg 6,17+1,8 6,71+1,9 0.06" 0.001 32
#Investigator-release mode, non-dominant leg  6,66+1,9 71416 0.07" 0.31 33
TAutomata-release mode, dominant leg 6,21+1,8 6,48+1,7 0.2 0.22 32
#Automata-release mode, non-dominant leg 6,68+2 7,04+1,8 0.03* 0.36 35
Relaxation index

tInvestigator-release mode, dominant leg 1,8+0,25 1,8+0,03 0.4 -0.12 34
#Investigator-release mode, non-dominantleg  1,8+0,2 1,75+0,2 0.1 -0.28 34
#Automata-release mode, dominant leg 1,77+0,17 1,86+0,22 0.005* 0.53 31
#Automata-release mode, non-dominant leg 1,74+0,25 1,87+0.3 <0.001 *0.88 37

(#): Paired t-test used for normally distributed data.
(T): Wilcoxon signed-rank test used for non-normally distributed data.
(*): p<0.05, (): marginally significant

Table 3. Means of the outcome measures of the Pendulum Test for the Dominant and Non-dominant legs. (Means
across trials and participants). The (n) is the total number of trials of all the participants considered in the comparison
of the paired conditions. The (d) denotes the Cohen’s effect size

Outcome measures and conditions Dominant Non-dominant p d n
leg leg

Number of swings Mean + SD

tInvestigator-release mode, supine 6.08+1,7 6.65+1,7 <0.001 *0.56 35

#Investigator-release mode, semi-supine 6.71 £2 711 £1,1 0.09 0.28 35

TAutomata-release mode, supine 6.23+1,8 6.76+2 0.009* 0.44 34

TAutomata-release mode, semi-supine 6.33+1,7 7.08+1,7 <0.001 *0.62 34

Relaxation index

tInvestigator-release mode, supine 1.88+0.27 1.81+0.23 0.02* 0.39 33

#investigator-release mode, semi supine 1.89+2 1.8%£1,5 0.01* -0.44 35

TAutomata-release mode, supine 1.83£0,24  1.75%0,21 0.02* 0.39 35

TAutomata-release mode, semi-supine 1.97+0,48 1.87+0,31 0.04* 0.35 33

(#): Paired t-test used for normally distributed data.
(T): Wilcoxon signed-rank test used for non-normally distributed data.
(*): p<0.05

There were contradicting results comparing the relax-
ation index in investigator-release mode versus automa-
ta-release mode (Table 4). In supine position the index
was higher in investigator-release mode, but lower in au-
tomata-release mode, significantly on the non-dominant
side (p=0.01). Thus, assessment in supine position with
automata-release mode suggested higher muscle tone

than in investigator-release mode. This was not the case
in a semi-supine position, and the RI was significantly
higher on the non-dominant side (p=0.009).

To illustrate the differences in the results of the pen-
dulum test parameters under various conditions, we uti-
lized a box plot representation. The differences in the
mean values of the number of swings, comparing pairs
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Table 4. Means of the Parameters of the Pendulum Test in Investigator-release and Automata-release modes. (Means
across trials and participants). The (n) is the total number of trials of all of the participants considered in the compari-
son of the paired conditions. The (d) denotes the Cohen’s effect size

Outcome measures and conditions Investigator-  Automata- p d n
release release

Number of swings Mean + SD

TSupine, dominant leg 6.39+1.8 6.21+£1.8 0.24 0.2 33

#Supine, non-dominant leg 6.64+1.8 6.47+1.8 0.4 0.14 35

#Semi-supine, dominant leg 6.76+2 6.44+1.6 0.13 0.26 34

#Semi-supine, non-dominant leg 7.15+£1.8 7+1.7 0.4 0.14 36

Relaxation index

TSupine, dominant leg 1.86+0.21 1.83+0.25  0.11 -0.27 33

#Supine, non-dominant leg 1.82+0.22 1.75+0.27  0.01* 0.42 36

#Semi-supine, dominant leg 1.88+0.2 1.98+0.4 0.09 0.23 34

#Semi-supine, non-dominant leg 1.79+0.2 1.89+0.3 0.009* -0.45 37

(#): Paired t-test used for normally distributed data.

(T): Wilcoxon signed-rank test used for non-normally distributed data.

(*): p<0.05

of conditions are presented on the left panels of Figure 3
and the differences in the mean values of the relaxation
indexes are presented on the right side.

Correlation analysis

Spearman’s correlation coefficients revealed significant
positive correlations between the two investigated out-
come measures (the number of swings and the RI) in
the condition of automata-release mode, dominant leg,
supine position (r=0.45, p<0.05), in the condition of
automata-release mode, non-dominant leg, supine po-
sition (r=0.35, p=0.05), in the condition of investigator
release mode, dominant leg, supine position (r=0.41,
p<0.05). No significant correlations were found be-
tween the number of swings and RI (p>0.05) for all oth-
er comparisons.

Effect size analysis

Effect sizes were calculated to determine the magnitude
of differences between the compared conditions during
the pendulum test. The effect size was assessed using
Cohen’s d, and the Cohen’s d value indicated a large
effect size for the difference in the values of RI between
the supine and semi-supine positions in automata-re-
lease mode, on the non-dominant leg (d=0.88), suggest-
ing a substantial impact of the body osition on the test
performance in this condition. All the other effect size
values indicated a range of low to medium effects
(Tables 2-4).

Discussion

This study aimed to investigate the effect of two diffe-
rent body positions, leg dominance, and automatic re-
leasing mechanism on the kinematic parameters, such
as the number of leg swings and relaxation index during
pendulum test in able-bodied young adults. Our results
supported our hypothesis on the effect of leg dominance
and partially on the effect of release mode on knee joint
kinematics, but not on the effect of body positions when
the pendulum test is performed with conventional inves-
tigator-release mode. The effect of body position was ob-
served only by applying an automata-release mode.

The results of our study demonstrated no differences
in the number of swings between the two body positions
in the case of investigator-release mode. These results are
supported by earlier investigations'* 2 but not in line with
our hypothesis and with previous findings*'" >* 25, where
it was found that spasticity is influenced considerably
by body position that can affect the leg swing during the
pendulum test in healthy young adults and in poststroke
or SCI patients with spasticity. Body position could the-
oretically influence the passive swinging motion during
the pendulum test'® ' because the rectus femoris mus-
cle is a biarticular muscle, that crosses both the hip and
the knee joint. This muscle has a different resting length,
according to which it is more elongated in supine than
in semi-supine positions at the start of the test and the
stretched-out condition has higher stretch reflex activi-
ty!'7-1 that is reflected in higher muscle tone. The greater
difference in rectus femoris muscle length between the
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Figure 3. Differences in mean values of the number of swings and relaxation indexes obtained in various conditions.
The dot-whisker plots represent the differences in the number of swings (left panels) and the relaxation index (right
panels) values between test conditions. The box indicates the 1st and 3rd quartiles. The horizontal line in the box
indicates the median the cross indicates the mean. Whiskers extend to the maximum and minimum of the data.
Horizontal lines with asterisks denote significant differences between the compared conditions
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supine and upright positions could result in a signifi-
cant difference between the kinematic parameters of the
pendulum test in the two positions. Our contrary results
could be explained by that in the present study supine
position was compared to semi-supine and not to the up-
right sitting position like in the above-named studies.

To the best of our knowledge, this study is the first
in which both conventional investigator-release and au-
tomatic releasing mechanisms were applied to compare
kinematic parameters of the pendulum test between two
body positions. A few investigators** ¢ used auto-release
in pendulum test with the aim to make the test more exact
but they did not utilize investigator-release methods in
their same research. We found that the number of swings
was higher in the non-dominant leg in semi-supine posi-
tion compared to supine position when automata-release
was applied. This confirms our hypothesis, that the au-
to-releasing mechanism affects pendulum parameters, at
least in the case of the non-dominant leg. We did not find
significant difference between the numbers of swings in
the two positions when investigator-release was used, so
applying automata-release seems to be a more sensitive
method for the pendulum test on the non-dominant side.

In the present study, we compared knee joint kine-
matics of the dominant leg versus the non-dominant
leg and found, that there are differences in the numbers
of swings in all conditions except in semi-supine posi-
tion when investigator-release mode was applied. The
numbers of swings were lower on the dominant side in
all conditions, and this was not significant only in the
semi-supine position with investigator-release mode. The
number of swings is lower in the case of higher muscle
tone®, thus our data suggest that the quadriceps muscle
tone was higher on the dominant side compared to the
non-dominant. This could be explained by higher muscle
volumes and muscle strength values on the dominant side
compared with muscles on the non-dominant. In former
studies, a correlation was found between muscle volume
and spasticity in patients with cerebral plasy® and spinal
cord injury*"-*2. On the contrary, in healthy subjects, De-
mura et al. found no statistically significant difference in
muscle power and muscle endurance between dominant
and non-dominant leg muscles®, as well as Aird et al.
found no difference between quadriceps muscle tone of
the dominant and non-dominant legs*. These findings
indicate that larger studies are warranted to clarify the
above-mentioned disagreement. To our knowledge, pre-
vious pendulum studies did not take into account the ef-
fect of leg dominance, but according to our present find-
ings, there could be a significant difference between the
muscle tone of the two sides, which is not negligible in
comparative studies.

According to our findings, when we compared the
numbers of swings in investigator-release mode to those

in automatic release, we found no significant difference
in any condition. However, there were differences in
the effect of body positions in the two release modes.
Namely, in investigator-release mode, no significant dif-
ferences were comparing the number of swings in the
two body positions in either leg, but in automata-release
mode, there was significant difference comparing the two
body positions in the non-dominant leg. Furthermore,
in investigator-release mode only in the case of supine
position was significant difference between the dominant
and non-dominant legs, while in automata-release mode
there were significant differences between the dominant
and non-dominant legs in both body positions. The re-
sults can be explained by the subject-investigator inter-
action, which could be more pronounced in semi-supine
position with investigator-release, since in this case the
subject can see and also feel the examiner’s movements.
This interaction could change the results of the test. Pre-
vious studies® ¢ applied pendulum test on subjects with
their eyes closed to achieve the test more abruptly and
independently from the interaction with the investigators.
Our results show that the automata-release mechanism
can provide an interaction-independent testing method
regardless of eye condition and body position.

Regarding the other outcome measure, the relaxation
index, we found that body position had an effect on it
in automata-release mode, and its value was smaller in
supine than in semi-supine position. This reinforces that
in supine position the muscle spasm is higher than in
semi-supine position, as it was indicated by comparing
the number of swings. This could be shown only by ap-
plying automata-release mode.

The values of the two outcome measures suggest not
always the same conclusion about differences in muscle
tone comparing some test conditions. We found differ-
ence in the leg kinematics between the dominant and
non-dominant legs comparing test conditions. The num-
ber of swings indicated higher muscle tone in the domi-
nant leg while the relaxation index indicated more spas-
ticity in the non-dominant leg.

Thus, our results are contradictory using the number
of swings and the relaxation index for comparison of the
dominant and non-dominant legs, in terms of which side
has higher muscle tone, but there is an obvious differ-
ence between the two sides. Further research is needed
to discern the physiological mechanisms behind this con-
tradiction. The two outcome measures may quantify two
different features of muscle tone. Nevertheless, this dif-
ference cannot be ignored when pendulum test is planned
to be used in a clinical environment to compare the mus-
cle tone of spastic patients with healthy subjects or with
the patient’s affected and non-affected legs.

Correlations between the number of swings and the
relaxation index were strong in specific conditions (au-
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tomata-release mode, dominant leg, supine position; au-
tomata-release mode, non-dominant leg, supine position;
supine position, dominant leg, investigator release mode;
supine position, dominant leg, automata release mode).
This indicates that the number of swings is a good predic-
tor of the relaxation index in these cases. No significant
correlations were found between the number of swings
and RI for all other conditions (p>0.05).

We found in the present study, that the pendulum test is
suitable for detecting discrepancies in quadriceps muscle
tone in healthy individuals, which differences are caused
by the varied test positions and side dominance in the case
of automatic leg release. While the number of swings did
not differ significantly comparing the two release modes,
the relaxation index was significantly lower in autom-
ata-release mode when the non-dominant leg was con-
sidered. This also shows that the automata-release mode
may be more sensitive and adequate to quantify spasticity
by the Wartenberg pendulum test. The standard deviation
of the relaxation index values was very small, the reason
for which should be investigated further, as other stud-
ies have obtained RI standard deviation values of similar
magnitude*’. In their study about the effect of whole body
vibration of children with cerebellar palsy, the RI stan-
dard deviation was between 0.07-0.09 while the mean
RI values changed between 0.59 and 0.71. In our study
about healthy adults, the standard deviation of the RI was
between 0.15-0.4 with RI values between 1.75 and 1.98.
Thus the relative standard deviation was similar.

Regarding the statistical analysis, we used t-tests and
Wilcoxon tests to compare data in pairs of conditions. We
did not apply ANOVA for statistical analyses because, for
ANOVA, the equal number of trials from each subject in
each condition should be included, with an equal number
of subjects for each condition. However, the measure-
ments yielded different numbers of evaluable trials for
individual subjects under different conditions studied.
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Hattér és cél - A stroke sulyos egészség-
Ugyi probléma, ami jelentds hatassal van

az egészséggel Osszeflggd életmindségre.
Annak ellenére, hogy egyre népszerlbb az
életminéség mérése a betegek korében,
nem mérik rendszeresen a klinikai gyakorlat-
ban, ebbdl kifolydlag kevéssé ismert, hogy a
klinikai mérések mennyire tikrozik a stroke
utani életmindséget. Kutatasunk célja az akut
ischaemias stroke-on atesett betegek életmi-
ndségének vizsgalata volt.

Médszerek - A prospektiv vizsgalatba a
Pécsi Tudomanyegyetem Klinikai Kdzpont
Neurolodgiai Klinika akut ischaemias stroke
diagndzissal felvett betegeit kényelmi
mintavétellel valasztottuk ki 2022 juniusa és
2023 majusa kozott. A betegeket a kapott
kezelések alapjan intravénas thrombolysis-
(IVT-), mechanikus thrombectomia- (MT-)

és standard ellatas- (SC-) csoportokba
soroltuk. A kutatasban maodositott Rankin-
skalat (Pre-mRS, follow-up mRS), NIH Stroke
Scale-t (NIHSS) és European Quality of Life 5
Dimensions Scale-t (EQ-5D-5L) hasznaltunk.
Az elemzéshez leir¢ statisztikat, parositott
T-probat, Wilcoxon-probat, McNemar-tesz-
tet és Pearson-korrelaciot alkalmaztunk
(SPSS 25.0; p < 0,05).

Eredmények - A kutatasban 198 f6 (115
férfi, 83 n®) vett részt (MT: 50 f6, IVT: 69 6,
SC: 79 f6). A Pre-mRS, illetve a follow-up
mRS-értékeknél 1athatd, hogy mindharom
csoport esetében a 0-2 kdzotti, enyhe
kategoriaba kerult a legtobb beteg (Pre-
mRS: 176 f6; 88%, follow-up mRS: 158 f6;
80%). A NIHSS-értékek alakulasa kapcsan
mindharom csoportban szignifikans javulast

Quality of life in acute ischaemic stroke
patients treated with recanalisation
Kovacs B; Szapary L, MD; Kajos LF; Jozifek EJ;
Erd8si P; Szantéri P; Boncz |, MD

Background and purpose - Stroke is a
serious health problem that has a signifi-
cant impact on health-related quality of life.
Despite the increasing popularity of measur-
ing quality of life among patients, it is not
routinely measured in clinical practice, and
therefore little is known about how well
clinical measures reflect quality of life after
stroke. The aim of this study was to investi-
gate the quality of life of patients with acute
ischaemic stroke.

Methods - For the prospective study,
patients diagnosed with acute ischemic
stroke at the Neurology Clinic of the Clini-
cal Center of the University of Pécs were
selected through convenience sampling
between June 2022 and May 2023. Based
on the treatments, patients were divided
into three groups: mechanical thrombec-
tomy (MT), intravenous thrombolysis (IVT),
and standard care (SC). Modified Rankin
Scale (Pre-mRS, Follow-up mRS), NIH Stroke
Scale (NIHSS), and European Quality of Life
5 Dimensions Scale (EQ-5D-5L) were used

in the research. Descriptive statistics, paired
T-tests, Wilcoxon tests, McNemar tests and
Pearson correlation analysis were applied for
the analysis (SPSS 25.0; p <0.05).

Results - A total of 198 participants (115
males, 83 females) took part in the study
(MT: 50, IVT: 69, SC: 79). The Pre-mRS and
follow-up mRS values indicate that the ma-
jority of patients in all three groups fell into
the mild category (Pre-mRS: 176 participants;
88%, follow-up mRS: 158 participants; 80%).
There was a significant improvement in
NIHSS scores in all three groups (IVT: 4.36 vs.
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tapasztaltunk (IVT: 4,36 vs. 1,57, p<0,001; MT:

8,98 vs. 4,50, p<0,001; SC: 4,38 vs. 2,84, p <
0,001). Az EQ-5D-5L-érték szintén minden
csoport esetében szignifikansan nétt (IVT:
0,82 vs. 0,88, p<0,001; MT: 0,63 vs. 0,73,
p<0,001, SC: 0,76 vs. 0,80, p=0,014). Az
alacsonyabb NIHSS-értékkel felvett betegek
jobb életmindségrél szamoltak be vizsgala-
tunk végére (r: -0,43451).

Kovetkeztetés - A 30. napnal az EQ-5D-5L
életmin@ség tekintetében az MT-, IVT- és
SC-csoportokban szignifikans javulast ta-
pasztaltunk, am a javulas mértéke az MT-
csoportban volt a legmagasabb.

Kulcsszavak: stroke, thrombolysis,
thrombectomia, életminéség, EQ-5D-5L

1.57, p<0.001; MT: 8.98 vs. 4.50, p<0.001; SC:
438 vs. 2.84, p<0.001). The EQ-5D-5L value
also significantly increased for all groups
(IVT: 0.82 vs. 0.88, p<0.001; MT: 0.63 vs. 0.73,
p<0.001, SC: 0.76 vs. 0.80, p=0.014). Patients
admitted with lower NIHSS values reported
better quality of life at the end of our study
(r:-0.43451).

Conclusion - At 30 days, significant im-
provement was observed in MT, IVT and SC
groups when measured with EQ-5D-5L, but
the extent of improvement was highest in
the MT group.

Keywords: stroke, thrombolysis, thrombec-
tomy, quality of life, EQ-5D-5L

WHO definicidja alapjan a stroke az agy vérellatasi
avara altal okozott globalis vagy fokalis neurolo-
giai diszfunkcioval jard, gyorsan kialakuld tiinetegyiittes,
ami tObb mint 24 oran keresztiil fennall, és aminek bi-
zonyithatdan nincs mas oka, mint az agy érrendszerében
kialakult valtozas®. A Global Burden of Disease Study
eredményei alapjan évente 12,22 millié stroke-eset for-
dul el6 (150,8 eset /100 000 lakos). A teljes prevalencia
101,47 milli6 eset vilagszerte (1240,3 eset /100 000 la-
kos)?. Hazankban évente hozzavetdleg 40 000 stroke-eset
fordul eld’.

Vérrogoldast, vagyis intravénds thrombolysist 1995
ota alkalmaznak a klinikai gyakorlatban. A nagyérelzaro-
dassal jaro esetek kezelésében az intravénds thrombolysis
mellett a mechanikus thrombectomia is szerepet kapott,
¢s 2015 6ta ez a moddszer is a mindennapi gyakorlat ré-
szévé valth.

A stroke sulyos egészségligyi probléma, ami jelentds
hatassal van az egészséggel Osszefliggd életmindségre.
Annak ellenére, hogy egyre népszerlibb az ¢életmindség
mérése a betegek korében, nem mérik rendszeresen a
klinikai gyakorlatban, ebbdl kifolyolag kevéssé ismert,
hogy a klinikai mérések mennyire tiikrozik a stroke utani
¢letminéséget’.

Az altalanos egészségi allapot/életmindség felméré-
sének egyik legismertebb eszkdze az EuroQoL Group
altal 1990-ben kifejlesztett EQ-5D kérd6ive. Az EQ-5D
standardizalt, preferencian alapuld egészségmérd eszkoz,
ami egyszer( és altalanos mérészamot biztosit a klinikai
¢s gazdasagi értékelésekhez. Klasszikus, haromszintii
valtozatat (EQ-5D-3L) széles korben alkalmazzak. Az
EQ-5D o6tszintli valtozatat (EQ-5D-5L) azzal a céllal

ROVIDITESEK

Agyi MRI: agyi magnesesrezonancia-képalkotas

BMI: body mass index, testtomegindex

EQ-5D: EuroQol-5 Dimensions, Az egészség-
gel 8sszeflggd életmindség szabvanyos
mérdészama

EQ-5D-3L: European Quality of Life 3
Dimensions Scale, Altaldnos életminéséget
mérd 3 szintl skala

EQ-5D-5L Scale: European Quality of Life 5
Dimensions Scale, Altaldnos életminéséget
mérd 5 szintl skala

EVT: endovascularis thrombectomia

EVT + IVT: kombinalt terapia

IVT: intravénas thrombolyticus terapia

Koponya-CT: koponya-komputertomografia

MT: mechanikus thrombectomia

mRS: Modified Rankin Scale, médositott
Rankin-skala

NIHSS: National Institutes of Health Stroke
Scale, Nemzeti Egészséglgyi Intézet Stroke
Skalaja

Pre-mRS: Premorbid Rankin Scale, Premorbid
maodositott Rankin-skala

PTE: Pécsi Tudomanyegyetem

PTE KK: Pécsi Tudomanyegyetem Klinikai
Kézpont

SC: standard care, standard ellatas
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fejlesztették ki, hogy javitsak az eredeti EQ-5D-3L érzé-
kenységét és egyéb pszichometriai tulajdonsagait’.

A betegkozpontu ellatds és a gydgyulds szintjének
megorzése kiemelt fontossagi ahhoz, hogy a betegek
visszailleszkedjenek a csaladi és tarsadalmi kornyezetiik-
be, valamint mindségibb életet ¢ljenek®. Az egészséggel
kapcsolatos életmindség az egyik legmeghatarozobb mé-
részam, amellyel a betegek szemsz6gébol megérthetjiik a
betegségek hatasat’.

Kutatasunk célja az akut ischaemids stroke-on at-
esett betegek életmindségének vizsgalata volt kiilon-
boz0 terapids eljarasokkal kezelt betegek (mechanikus
thrombectomia, intravénas thrombolysis, standard keze-
1és) esetében.

Modszerek

Kutatasunk kvantitativ, prospektiv, longitudinalis follow-
up vizsgalat volt; a Pécsi Tudomanyegyetem Klinikai
Kozpont (PTE KK) Neurologiai Klinika, Stroke Tanszé-
kén végeztiik 2022 juniusa €s 2023 majusa kozott. APTE
KK Regionalis és Intézményi Kutatas-Etikai Bizottsaga
2022. junius 10-i ilésén engedélyezte a klinikai vizsga-
latok protokoll szerinti kivitelezését; ligyiratszam: 9264-
PTE 2022.

Vizsgalati kritériumok

A vizsgalt betegek korét a PTE KK Neurologiai Klinika
Stroke Tanszékének akut ischaemias stroke-os paciensei
adtak, akiket kezelésiik alapjan intravénas thrombolysis-
(IVT-), mechanikus thrombectomia- (MT-), valamint
standard ellatas- (SC-) csoportokba soroltunk, és egy-
szerti, kényelmi mintavételi technika alkalmazasaval
valasztottunk ki. Az SC-csoport! tagjai altalanos neu-
rologiai ellatdsban részesiiltek, és nem estek at intra-
vénds thrombolyticus terapian vagy direkt mechanikus
thrombectomias kezelésen, illetve nem részesiiltek kom-
binalt kezelésben sem.

A bevélasztas kritériumai kozott szerepelt, hogy a
résztvevok a vizsgalat idotartamaban mind a PTE KK
Neurolégiai Klinika Stroke Tanszékének 18. életévet
betdltott betegei legyenek, kezdeti agyi MRI-vel vagy
koponya-CT-vel megerésitett ischaemids stroke diagno-
zissal rendelkezzenek, ¢s feleljenek meg az IVT-, illetve
az MT-kezelés standard kritériumainak. Rehabilitaciora
alkalmas'® ' betegek legyenek, tovabba vallaljak a kuta-
tasban vald részvételt, és képesek legyenek a kérdoéivek
kitoltésére.

A kombinalt kezelésben (EVT + IVT) részesiilt be-
tegek esetében kizarasi kritérium voltak a kognitiv és
pszicholdgiai zavarok, az Alzheimer- és Parkinson-kor,
a depresszio, az afazia, a beszéd- vagy irasképtelenség,
amit a betegdokumentaciobdl szarmazé BNO-kodokkal
azonositottunk.

Kérdoivek

A vizsgalat kérdéivkitoltés formajaban valdsult meg,
mely soran a klinika informatikai rendszerét (E-MedSo-
lution), valamint harom nemzetkdzi, validalt kérdoivet
hasznaltunk (mRS, NIHSS, EQ-5D-5L). Els6é alkalom-
mal személyesen, majd az utdnkdvetési id6szak soran
telefonon keresztiil végeztiik az adatgytijtést. Felméré-
stinket a korhazi felvételt kovetden, a korhazi eltavozas
idejében, valamint a korhazi felvétel utan 30 (£5) nappal
bonyolitottuk le.

Az els6 talalkozas alkalmaval az E-MedSolution rend-
szer segitségével mértiik fel a résztvevok személyes (pél-
daul név, sziiletési id6, tajszam), valamint a betegséggel
kapcsolatos, anamnesztikus adatait (példaul a stroke
kezdete (év, honap, nap, oOra, perc), a siirgdsségi 0sz-
talyra vald felvétel és ellatas idopontjat (év, honap, nap,
ora, perc), egyéb tarsbetegségeiket, kockazati tényezoket
(példéaul hypertonia, hyperlipidaemia).

A pre-mRS a stroke eldtti id6északra vonatkozik, felvé-
tele a beavatkozas utani 1-2. napon, az életmindség fel-
vételével egy iddben tortént. A follow-up mRS a koérhazi
tavozast kovetden, telefonon keriilt felvételre a korhazi
felvételtdl szamitott 30. (+5) napon. A modositott Rankin
skala a stroke utani maradvanytiinetek és a betegek funk-
cionalis allapotanak értékelésére szolgal'. A skala 0-tol
6-ig terjed, ahol minden érték egy meghatarozott szintii
rokkantsagot vagy fiiggdséget jelol: 0: Tiinetmentes al-
lapot; 1: Nincsenek jelentds rokkantsagi tiinetek; képes
minden szokdsos tevékenység elvégzésére; 2: Enyhe
rokkantsag; nem képes korabbi mindennapos feladatai
mindegyikét elvégezni, de sajat maga ellatasara segitség
nélkil képes; 3: Mérsékelt rokkantsag; némi segitségre
van sziiksége, jarni viszont segitség nélkiil tud; 4: Mér-
sékelten sulyos rokkantsag; segitség nélkiil képtelen jar-
ni, és az alapvetd testi sziikségleteit sem tudja segitség
nélkil elvégezni; 5: Stlyos rokkantsdg; dgyhoz kotott,
inkontinens és alland6 apolasra szorul; 6: Elhunyt.

Ez a skala egyszerti és hatékony eszkdz a stroke utani
rokkantsag mértékének mérésére, €s széles korben alkal-
mazzék klinikai kutatasokban és a mindennapi orvosi
gyakorlatban'®,

A felvételi NIHSS a korhazi felvétel utan, a beavatko-
zas el6tt, mig a tavozasi NIHSS a tavozas napjan, még a
kérhéazban keriilt rogzitésre. Az atlagos apolasi id6 (kor-
hazi tartozkodasi idd) 5 nap volt. A National Institutes
of Health Stroke Scale (NIHSS skala) 11 {6 kategoridbol
all, melyek segitségével felmérik a paciens tudati szint-
jét, szemmozgasait, a latotérkiesés, valamint a facialis
paresis mértékét, a motoros funkcidkat a fels6 és alsd
végtagokon, az ataxia stlyossagat a végtagokon, a szen-
zoros érzékelést, az aphasia sulyossagat, a dysarthria,
valamint a neglect mértékét. A skala alacsony pontsza-
ma jobb allapotot jelent, mig a magasabb pontérték su-
lyosabb allapotra utal. A skala 0-rél indul, ami a normal
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1. tablazat. A vizsgdlatban részt vevé betegek szama, életkora és nem szerinti megoszldsa

Thrombectomia Thrombolysis Standard

Férfi  N& Osszesen  Férfi  N& Osszesen  Férfi  N&  Osszesen
Betegszam (n) 23 27 50 44 25 69 48 31 79
A betegek megoszlasa (%) 46 54 100 64 36 100 61 39 100
Atlagéletkor (év) 68 70 69 63 67 64 66 70 67

allapotot jelenti, a legmagasabb pontszam pedig 42, ami
koémas allapotra utal, amikor a beteg nem reagal kiils6
ingerekre'.

Az ellatast/beavatkozast kovetd 1-2. nap egyikén, il-
letve a felvételt kovetd 30. (5 nap) napon az EQ-5D-5L
kérdoéiv kitoltése tortént meg. Ez egy onkitoltds kérddiv,
ami alkalmas az egészséggel kapcsolatos életmindség
altalanos mérésére. Ez az ¢életmindség az egyén értékité-
letét fejezi ki egy meghatarozott egészségi allapot vonat-
kozasaban; 6t dimenzidbol all: mobilitas, onellatas, szo-
kasos tevékenységek, fajdalom/diszkomfort, illetve szo-
rongas/depresszid. Minden dimenzidénak 6t szintje van:
nincs probléma, enyhe problémak, kozepes problémak,
sulyos problémak és extrém problémak. A paciensnek je-
leznie kell az allapotat az 6t dimenzidé mindegyikében a
legmegfeleldbb allitas melletti négyzet bejelolésével. Az
egyes dimenziokhoz kivalasztott szintek szamjegyei egy
Otjegyli szamma vonhatoak Ossze” 1°. Ezaltal dsszesen
5%, azaz 3125 kiillonboz6 egészségi allapot hatarozhato
meg. Mind a 3125 egészségi allapot definidlhato egy-egy
Otjegyll kodszammal. A kodszam szamjegyei az adott
¢letmindség-dimenziodban 1évo probléma stlyossagat je-
lenitik meg?®. A teljes egészségnek az ,,11111” felel meg,
mig a skala masik végpontja, az ,,55555”, a legrosszabb
egészségi allapotnak®. Az EQ-5D-5L-index értékét (ami
0 és 1 kozé esik) van Hout B és munkatarsai!’ cikkében
leirtak szerint szamitottuk ki.

Alkalmazott statisztikai modszerek

A kutatds sordn nyert eredményeink meghatarozasara
leird (kozépértékek, abszolut és relativ gyakorisag, mi-
nimum-, maximumérték) és Osszehasonlitod statisztikai
modszereket alkalmaztunk. Wilcoxon-probat, parositott
T-probat, valamint McNemar-probat és Pearson korre-
lacios elemzést végeztiink 95%-os valdszinliségi szinten
(p <0,05). Az adatok az SPSS 25.0 statisztikai program
(IBM Corporation, Armonk, NY, USA) valamint a Mic-
rosoft Excel 2016 (Microsoft Corporation, Redmond,
WA, USA) segitségével keriiltek meghatarozasra.

Eredmények

A vizsgalat 200 fével indult. Az utankdvetési idészak
soran két fo életét vesztette, igy a végso elemszam 198

f6 (83 no6, 115 férfi) volt. A résztvevok kezelés szerinti
csoportositasat, 1étszamat, nemek kozotti megoszlasat,
illetve atlagéletkorat az 1. tdblazat tartalmazza.

A betegek szociodemografiai adatait a 2. tdblazat
foglalja 6ssze részletesen. A betegek tobbsége varosi la-
kos (n = 134, 68%), és kozépfoku iskolai végzettséggel
rendelkezik (n=106, 54%). Csaladi allapot szerint az ala-
nyok tobb mint fele hazas (n = 109, 55%), foglalkozasat
tekintve pedig nyugdijas (n = 129, 61%).

Az ellatast befolyasold tényezOkrol a 3. tAblazat nyjt
részletes tajékoztatast. A leggyakoribb rizikobetegség a
hyperlipidaemia (n = 154 {6, 78%) volt, amit a hypertonia
kovetett (n = 154 16, 77%). A klinikai kép hatterében
leggyakrabban cryptogen eredet allt (n=61, 31%), mig a
thrombectomids csoport esetében a nagyéreredet (n = 23,
46%) volt a legjellemzdébb. A vizsgalt betegkor atlagos
BMlI-értéke 28,12 volt. Az egyes kezelési csoportok ko-
z6tt a BMI-értéket tekintve nem volt érdemi kiilonbség
(MT: 28,43; IVT: 28,36, SC: 27,57), mindharom csoport
a normaltartomany folott, a talsulyos kategéridban he-
lyezkedett el.

A modositott Rankin-skala eredményeit a 4. tabla-
zat foglalja 0ssze. A Pre-mRS-értékeknél lathato, hogy
mindharom csoportnal a 0-2 kozotti, enyhe kategériaba
kertilt a legtobb beteg (176 £6; 88%). 30 (£5) nap eltelté-
vel szintén ebbe a kategoriaba keriilt a résztvevok tilnyo-
mo tobbsége (158 £6; 80%).

A NIHSS-értékek mindharom csoport esetében szig-
nifikans javulast (p < 0,001) mutattak az ellatast kovetd
30. (£5) napon (1. abra). Az MT-csoport esetében volt
a legmagasabb, azaz a legrosszabb felvételi atlagpont-
szam, 8,98 pont.

Az altalanos életmindséget méré EQ-5D-5L-skala
esetében szintén szignifikans javulast tapasztaltunk
mindharom csoportnal (2. dbra). Az MT-csoport bete-
geinél 0,63-r61 0,73-ra (p < 0,001), az IVT-csoport eseté-
ben 0,82-rdl 0,88-ra (p < 0,001), az SC-csoportnal pedig
0,76-r61 0,80-ra (p = 0,014) nétt az érték. Az MT-csoport
esetében 15,9%-os, mig a masik két csoportnal 10% alatti
volt a javulas mértéke (IVT: 7,3%; SC: 5,3%).

A felvételi NIHSS és a 30 (£5) napos EQ-5D-5L 6sz-
szefiiggését is vizsgaltuk, melyben feltételeztiik, hogy
azok a betegek, akik alacsonyabb NIHSS-értékkel ke-
riiltek felvételre, jobb életmindségrél szamolnak be a 30.
(£5) napra. Ennek eredménye egy ellentétes irdnyt koze-
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2. tablazat. A szociodemogrdfiai jellemz&k 6sszehasonlitdsa

Thrombectomia Thrombolysis Standard Osszesen
n % n % n % n %
Lakhely Falu 12 24 20 29 32 40 64 32
Varos 38 76 49 71 47 59 134 68
Iskolai Fels6fok 3 6 12 17 13 16 28 14
végzett- —
ség Kozépfok 31 62 39 57 36 46 106 54
Alapfok 15 30 18 26 29 37 62 31
Kevesebb, mint 8 dltaldnos 1 2 0 0 1 1 2
Csaladi Egyedulalld 3 6 7 10 3 4 13
allapot Kapcsolatban 1 2 9 13 8 10 18
Hdzas 28 56 32 46 49 62 709 55
Elvalt 5 10 5 7 4 5 14 7
Ozvegy 13 26 16 23 15 19 44 22
Foglalko- ~ Szellemi 1 2 6 9 4 5 N 6
zas Konny( fizikai 8 16 14 20 14 18 36 18
Nehéz fizikai 4 8 5 7 1 1 10 5
Nyugdijas 36 75 37 54 56 71 129 65
Egyéb 1 2 7 10 4 5 12 6

3. tablazat. Az ellatdst befolydsolo tényezbk dsszehasonlitdsa

Ellatast befolyasold tényez6k Thrombectomia Thrombolysis Standard Osszesen
n % n % n % n %

Tars- Hyperlipidaemia Igen 36 72 55 80 63 80 154 78
betegsegek Nem 14 28 14 20 16 20 44 22
Hypertonia Igen 40 80 47 68 65 82 152 77

Nem 10 20 22 32 14 18 46 23

Pitvarfibrillacio lgen 8 16 8 12 10 13 26 13

Nem 42 84 671 88 69 87 172 87

Diabetes mellitus lgen 19 38 23 33 27 34 69 35

Nem 31 62 46 67 52 66 129 65

Riziko- Csaladi el6fordulds  Igen 9 18 10 14 12 15 31 16
faktorok Nem 41 82 59 65 67 85 167 84
Dohanyzas Igen 17 34 23 33 31 39 71 36

Nem 33 66 46 67 48 61 127 64

Alkoholfogyasztas Igen 10 20 15 22 16 20 41 21

Nem 40 80 54 78 63 80 157 79

Etioldgia Nagyéreredet( 23 46 4 6 21 27 48 24
Kiséreredet( 0 0 18 26 22 28 40 20
Cardioembolias eredet( 17 34 19 28 13 16 49 25

Cryptogen eredetd 10 20 28 41 23 29 61 317
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4. tablazat. A modositott Rankin-skdla eredménye

Thrombectomia Thrombolysis Standard Osszesen

n % p-érték n % p-érték n % p-érték n %
Pre-mRS (0-2) 40 80 0016 64 93 0,125 72 91 0031 176 89
Pre-mRS (>2) 10 20 5 7 7 9 22 11
Follow-up mRS (0-2) 33 66 59 86 66 84 158 80
Follow-up mRS (>2) 17 34 10 14 13 19 40 20

Pre-mRS (0-2) = Premorbid mddosftott Rankin-skala 0-2 pont kdzotti, enyhe kategdria
Pre-mRS (>2) = Premorbid mddositott Rankin-skala >2 pont, mérsékelten sulyos kategdria
Follow-up mRS (0-2) = follow-up mdédositott Rankin-skéla 0-2 pont kdzétti, enyhe kategdria
Follow-up mRS (>2) = follow-up médositott Rankin-skala >2 pont, mérsékelten sulyos kategéria

pes korrelacio lett (r: —0,43451; p < 0,001),

ami azt jelenti, hogy ha a NIHSS-érték FeneeliNIFSS:
alacsonyabb (Jobp éllapot),.az EQ-5D-5L- OT4vozasi
érték magasabb (jobb életmindség). 20 NIHSS-érték
1 x
Megbeszélés 215
A
Kutatdsunk célja az akut ischaemias stroke- | £ 10
on atesett betegek életmindségének vizs- | <
galata volt kiillonbo6z0 terapias eljarasokkal
kezelt betegek (thrombolysis, mechanikus 5
thrombectomia, standard kezelés) esetében.
A szociodemografiai adatokat tekintve nem 0
volt szamottevd eltérés a harom csoport ko- VT MT sC
Zott. Az életminGség-javulds jelentds volt Csoportok )

mindharom csoportban az ellatast kovetd
30. napon.

A nemzetkozi kutatdsok jelentOs része
foglalkozik az intravénds thrombolyticus,
valamint a mechanikus thrombectomias be-
avatkozassal kezelt, akut ischaemias stroke-on atesett be-
tegek ¢életmindségének vizsgalataval, igy eredményeink
nemzetk6zi eredményekkel valé 6sszehasonlitdsa hasz-
nos ¢s érdekes informaciokkal szolgalt. A hazai irodalmak
szama a témaban elenyészd. Az eredmények attekintése
soran azt tapasztaltuk, hogy nagyon csekély szakirodalmi
informacio all rendelkezésre a két rekanalizacios terapia
utani életmindség-értékelések dsszehasonlitasara.

Henrique Diegoli és munkatarsai kutatasukban az
egészséggel kapcsolatos életmindség alakulasat vizsgal-
tak tobbek kozott EQ-5D-5L segitségével 3 honappal és
1 évvel a stroke utan egy brazil betegpopulacioban. Az
EQ-5D-5L atlagértéke 3 honappal a stroke utan 0,67, egy
év mulva pedig 0,71 volt'®. Kutatasunk soran hasonl6
eredményeket kaptunk az EQ-5D-5L tekintetében, mind-
harom csoportban szignifikans javulast tapasztaltunk.

Annabelle Kainz és munkatarsai stroke-os betegek
hosszu tavu kimenetelének és fogyatékossagainak elem-
zésére Osszpontositottak vizsgalatukban rekanalizacios
terapidkkal és a nélkiil. A rekanalizaciés csoportban a

dbrdzolds

1. dbra. A NIHSS-értékek alakuldsa a vizsgdlati idészakban - Boxplot

medidn NIHSS-értékek 4-r6l (7) 1-re (2), mig a standard
(SC) csoportban az értékek 1-rdl (3) 0-ra (1) csokken-
tek'®. Kutatasunk soran hasonld eredmények sziilettek,
ugyanis a rekanalizacioban részesiilt csoportok esetében
a NIHSS-értékek medianja 12-r6l (8) 4-re (7), az SC cso-
portban pedig 4-r6l (3) 2-re (3) csokkent.

ShahabAldin Sattari és munkatarsai*’ azendovascularis
thrombectomia (EVT) és a kombindlt terapia (EVT +
IVT) osszehasonlitasat végezték el metaanalizisiikben.
Yang és munkatarsai®' szerint az atlagos NIHSS-értékek
az EVT-csoportban 12,33 pontrél 8,66-ra csokken-
tek. A 90 napos EQ-5D-5L atlagérték 0,75 pont volt.
Lecouffe és munkatarsai*> szerint a NIHSS-értékek az
EVT-csoportban 7,33-r61 6,00 pontra csdkkentek, az EQ-
5D-5L atlagértéke 0,80 pont volt. Vizsgalatunk soran a
thrombectomids csoportban hasonld eredményeket alla-
pitottunk meg a fent emlitett mutatok kapcsan.

Balaki Parameshwaran és munkatarsai azt vizsgal-
tak, hogy a thrombectomian atesett betegeknél hogyan
alakult a 12 honapos kimenetel, beleértve a funkcionalis
fliggetlenséget, a halalozast és az életmindséget. Eredmé-
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vulas az MT-csoportban volt a legnagyobb.

nggﬁ‘éL A kiindulasi allapot a NIHSS és az EQ-

o 5D-5L tekintetében is a thrombectomias
O Tavozasi , , ,

EQ-5D-5L csoportnal volt a legrosszabb, igy vég-

eredményben magasabb pontszamokat is
jelentettek az ellatast kovetd iddszakban,
mint a thrombolysises csoport tagjai.
Limitaciok: Kutatasunk egyik f6 limi-
tacidja, hogy az elemzett adatok csak egy
centrumbol szarmaznak (ami nem biztosit
teljes reprezentativitast). A masik f6 korlat
az, hogy a kutatas rovid utankovetési ido-
szakot, 4 hetet 6lelt fel. A hosszu tava ered-
mények érdekében mindenképpen érdemes
a centrumok szamat, illetve az utankovetés

2. abra. Az EQ-5D-51-értékek alakuldsa a vizsgdlati idészakban -

Boxplot dbrdzolds

nyeik szerint a pre-mRS szerint a 0-2 kdzotti kategoriaba
kertiiltek a legtdbben, dsszesen 140 £6 (97%), az mRS >2
kategoriaba pedig 5 f6 (3%) kertilt. A 3 honapos mRS-
értékelésnél az mRS 0-2 kategoriaba 69 {6 (48%), mig
az mRS >2 csoportba 76 {6 (52%) kertilt. A szerzék az
allapotromléds egyik lehetséges magyarazataként hata-
roztak meg, hogy a stroke-ot kovetéen a betegek koran
megkezdik a fekvobeteg-rehabilitacidt, ahol a mindenna-
pi tevékenységekre vonatkozoé korlatozasok nem mindig
egyértelmiiek. Ezenkiviil amikor a betegek hazatérnek és
kevesebb segitséget kapnak, a funkcionalis képességek
kisebb valtozasai sokkal szembetiindbbé valnak, ami az
mRS-kategoridk valtozadsdhoz vezethet. Egy masik ma-
gyarazat a funkciok természetes romlasa lehet az életkor
elérehaladtaval és az alapvetd cerebrovascularis betegsé-
gek jelenléte miatt. Tovabbi, nem vizsgalt tényezok, mint
példaul a depresszid és a faradtsag szintén befolyasolhat-
jak az allapotromlast®. Kutatasunk soran azt tapasztaltuk,
hogy a modositott Rankin-skala értékei 30 nap elteltével
minimalisan névekedtek az MT- és az SC-csoportokban.

Osszefoglalva elmondhatjuk, hogy a Pre-mRS- illetve
a follow-up mRS-értékek esetében minimalis valtozast
tapasztaltunk, azonban az IVT-csoportban a valtozas nem
volt szignifikans.

ANIHSS-, illetve az EQ-5D-5L-értékek az MT-, IVT-
és SC-csoportban is szignifikdns javulast mutattak; a ja-
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Background and purpose - Mechanical
thrombectomy is the most important
treatment modality in acute stroke; despite
successful thrombectomy, good functional
outcome is not achieved in a significant
proportion of patients. This study examined
the effect of neutrophil lymphocyte ratio
(NLR) values at admission on functional

outcomes in successfully recanalized patients.

Methods - Patients who underwent
mechanical thrombectomy due to anterior
system major vessel occlusion were
retrospectively analyzed and compared
with the admission NLR values and 3-month
clinical modified Rankin Scale (mRS) scores
of successfully recanalized patients.
Results - Of a total of 126 patients who
underwent thrombectomy within the
specified period, 97 patients with successful
recanalization were included in the study.
The overall successful recanalization rate
was calculated as 77%. The mean NLR of
patients with mRS <2 (n=65) was found to be
significantly lower than patients with mRS=>3
(n=32) (p<0.001). A weak and significant
correlation was found between National
Institutes of Health Stroke Scale (NIHSS)
value and NLR (r= 0.315, p=.002).
Conclusion - NLR value has been found to
be associated with futile recanalization in me-
chanical thrombectomy patients. Therefore,
we think that suppression of inflammation
before thrombectomy will increase the chan-
ce of successful thrombectomy.

Keywords: stroke, mechanical thrombec-
tomy, inflammation, neutrophil to lympho-
cyte ratio, prognosis

A mechanikus thrombectomia

elétti gyulladasos valasz hatasa

a stroke-betegek prognézisara

Aytac E, MD; Balgetir F, MD; Geng SK, MD;
Gonen M, MD; Dogan H, MD; Akpinar CK, MD

Hattér és cél - A mechanikus thrombectomia
az akut stroke legfontosabb kezelési madia;

a sikeres thrombectomia ellenére a betegek
jelent8s részénél nem érhetd el jo funkcionalis
eredmény. Ez a tanulmany a neutrophil-lym-
phocyta arany (neutrophil lymphocyte ratio,
NLR) korhazi felvételkor mért értékeinek hata-
sat vizsgalta a sikeresen rekanalizalt betegek
funkcionalis kimenetelére.

Médszerek - Visszamenblegesen elemez-
tuk azokat a betegeket, akiknél mechanikus
thrombectomiat végeztek ellilsd rendszerbeli
nagyérelzarddas miatt, és 6sszehasonlitot-
tak a sikeresen rekanalizalt betegek felvételi
NLR-értékeivel és a harom honapos klinikai
modositott Rankin-skala (mRS) pontszamaival.
Eredmények - Az 6sszesen 126 be-

teg kozul, akiknél a megadott idészakon
belll thrombectomiat végeztek, 97 sike-

res rekanalizacioval rendelkezé beteget
vontunk be a vizsgalatba. A teljes sikeres
rekanalizacios arany 77% volt. Az mRS <2 (n
= 65) betegek atlagos NLR-értéke szignifikan-
san alacsonyabbnak bizonyult, mint az mRS
>3 (n = 32) betegeké (p < 0,001). Gyenge és
szignifikans korrelaciot talaltunk a National
Institutes of Health Stroke Scale (NIHSS) érté-
ke és az NLR kozott (r = 0,315, p = 0,002).
Kovetkeztetés - Az NLR-érték osszeflg-
gést mutat a mechanikus thrombectomiaval
kezelt betegek sikertelen rekanalizacidjaval.
Ezért Ugy gondoljuk, hogy a gyulladas
thrombectomia el&tti szuppresszidja noveli a
sikeres thrombectomia esélyét.

Kulcsszavak: stroke, mechanikus throm-
bectomia, gyulladas, neutrophil-lymphocyta
arany, prognozis
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Recanalization with mechanical thrombectomy is
the most important treatment with proven efficacy
in acute stroke patients. Randomized controlled studies
have shown that endovascular therapy (EVT) is more
effective than standard medical therapy in patients with
acute ischemic stroke caused by large vessel occlusion®™,

The modified treatment in cerebral infarction (mTICI)
is used to assess vessel recanalisation after endovascular
treatment. A value indicating reperfusion of more than
50% of the affected area is called mTICI 2b and comp-
lete recanalisation is called mTICI 3. On the other hand,
modified Rankin scale (mRS) (ranging from 0 [no sy-
mptoms] to 6 [death]) is generally used to evaluate disa-
bility status, and 0-2 indicates functional independence?’.
Despite successful endovascular treatment mTICI >2b,
25-50% of patients do not have a good clinical outcome
(mRs 3-6) and this is called futile recanalization (FR)>¢.

Early identification of factors associated with poor cli-
nical outcome despite successful recanalization may lead
to the development of adjunctive therapeutic strategies to
increase the benefit of EVT. Factors thought to be asso-
ciated with FR include admission National Institutes of
Health Stroke Scale (NIHSS) score, glucose levels, num-
ber of thrombectomy, and collateral conditions™.

Neutrophils are among the first cells to rise in the blo-
od after ischemic stroke and contribute to the breakdown
of the blood-brain barrier (BBB), brain edema, and inc-
reased brain damage. After ischemic stroke, the number
of circulating neutrophils increases while the number of
lymphocytes decreases, resulting in an increase in the
neutrophil-to-lymphocyte ratio (NLR)'*-12,

Some studies have predicted that NLR at baseline may
predict prognosis in patients with ischemic stroke treated
with iv. thrombolytic (IVT) or EVT, finding that higher
pre-treatment NLR is associated with symptomatic int-
racerebral haemorrhage (sICH) or worse 3-month func-
tional outcomes. It was thought that this might be due to
neuroinflammation induced by increased NLR'>"'5. In this
study, we examined the effect of NLR and other prognos-
tic factors in patients who did not achieve good clinical
results despite successful recanalization with EVT.

Materials and methods

Patients who underwent mechanical thrombectomy at
two different center from April 2021 to January 2023
were retrospectively analyzed. Patients with intracrani-
al proximal artery occlusion in the anterior circulation
(ie, intracranial carotid artery or M1/M2 segments of
middle cerebral artery) indicated by Digital Subtraction
Angiography (DSA) were included in the study. Patients
in whom thrombectomy was initiated within 6 hours of
the onset of stroke and who achieved nearly or complete
recanalization (mTICI 2b or 3) were included. NIHSS
score, demographic data, vascular risk factors, medical

history, and initial stroke severity were determined for
all patients before the procedure. Collateral status, whi-
ch may affect the prognosis, was determined by using
the modified TAN score. Patients with an Alberta Stroke
Program Early CT Score (ASPECTS) of 8 and above
were included in the study in order not to affect the
prognosis before the procedure. Patients who used any
anti-inflammatory drugs before the procedure were ex-
cluded from the study.

Complete blood count taken at admission before
thrombectomy and neutrophil and lymphocyte counts of
the patients were analyzed as percentages of total white
blood cells (WBC). NLR was calculated as the ratio of
the percentage of neutrophils to the percentage of lym-
phocytes.

In the 3-month evaluation of the patients’ good clini-
cal outcome, face-to-face interviews or telephone evalu-
ations were made with the patients, and the patients’ good
functional neurological status was defined as mRS <2.

Statistical analysis

Data were evaluated using the Statistical Package for the
Social Sciences (SPSS) version 21.0. Descriptive statisti-
cs are presented as frequency (n) and percentage (%) for
categorical variables, Mean + Standard deviation (Mean
+ Ss) or Median and Minimum value (Min) - Maximum
value (Max) for continuous variables. Chi-square test was
used to compare categorical variables. The compatibility
of continuous variables with the assumption of normal
distribution was evaluated with the Kolmogorov-Smir-
nov test, and since the data were not normally distributed,
the Mann-Whitney U test was used to compare continu-
ous variables between two independent groups. In statis-
tical analyses, p < 0.05 was accepted as significant.

Results

Of a total of 126 patients who underwent thrombectomy
within the specified period, 97 patients with successful
recanalization were included in the study. The overall
successful recanalization rate was calculated as 77%. The
mean age of the 97 patients included in the study was 65.3
years (24-86) and 50 were male (51.5%) and 47 were fe-
male. Baseline characteristics are shown in Table 1. Good
clinical outcome (mRS <2) was found in 67% (n: 65) of
the patients who were successfully recanalized (mTICI
2b-3), and futile recanalization was found in 33% (n:
32) (Table 2). The mean NLR of patients with mRS <2
(n=65) was found to be significantly lower than patients
with mRS>3 (n=32) (p<0.001) (Table 2 and Figure 1).

The TAN collateral value of 89.2% of patients with
mRS <2 (n=65) was found to be good (2-3). 62.5% of
patients with mRS >3 (n=32) had a poor (0-1) TAN col-
lateral value.
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Table 1. Baseline characteristics of patients

Characteristics (n: 97) n (%)
Age (mean) (min-max) 65.3 (24-86)
Gender (Male) 50 (51.5)
CT ASPECT score, median (IQR) 9(8-10)
NIHSS score on admission, median 19 (14-24)
(IQR)
Vascular risk factors, n (%)
Hypertension 74 (76.2)
Diabetes mellitus 48 (49.4)
Atrial fibrillation 40 (41.2)
Coronary artery disease 73(75.2)
Hyperlipidemia 19(19.5)
Stroke etiology, n (%)
Cardioembolism 49 (50.5)
Large artery atherosclerotic disease 10 (10.3)
Unknown etiology 38(39.1)

Values are mean (SD), median (IQR), or n (%) as appropri-
ate. ASPECT: Alberta Stroke Program Early CT Score for MCA
territory stroke; CT: computed tomography; IQR: interquartile
range; NIHSS: National Institutes of Health Stroke Scale.

Good mRS value was found to be associated with good
TAN collateral value (p<0.001) (Table 3). A weak and
significant correlation was found between NIHSS value
and NLR (r= 0.315, p=.002). An increase in NLR values
was observed in patients with high NIHSS (Figure 2).

Discussion

Table 2. Clinical outcome and mean NLR values

mRS (n, %) NLR mean Statistics
(min-max) value

<2 (n:65,67.0%) 3,30(1.1-10.0) p=<0.001

>3 (n:32,33.0%) 9,82 (2.9-21.0) U=103,00

mRs: Modified Rankin Scale; NLR: neutrophil lymphocyte ratio

ischemic cerebral vessels® ?'. Neutrophils infiltrate the
ischemic or infarcted tissue through the damaged blood-
brain barrier exacerbating the inflammatory cascade?'.

In recent years, there has been growing interest in
using inflammation-related biomarkers to predict out-
comes in AIS patients. Among these biomarkers, the
neutrophil-to-lymphocyte ratio (NLR) has gained atten-
tion as a reliable and cost-effective measure of systemic
inflammation®?. Studies have demonstrated the potential
of NLR as a prognostic indicator for mortality, functio-
nal status, angiographic outcomes, intracerebral hemorr-
hage, and stroke-associated infections or pneumonia in
AIS patients, including those undergoing reperfusion the-
rapies®* 2.

Several studies have investigated the association
between NLR and outcomes in AIS patients undergoing
EVT. In one study, Ma et al. found that higher NLR valu-
es were independently associated with unfavorable func-
tional outcomes in AIS patients with successful recanali-
zation after EVTY. Similarly, another study by Al-Mufti
et al. demonstrated that elevated NLR was predictive
of poor outcomes, including mortality and the need for
prolonged invasive mechanical ventilation in COVID-19
patients with acute ischemic stroke due to large vessel

Ischemic stroke is a major health concern,
accounting for a significant number of in-
cident strokes. Reperfusion therapies, such
as endovascular thrombectomy (EVT) have
emerged as crucial interventions to impro-
ve clinical outcomes for patients with acute
ischemic stroke (AIS) secondary to large
vessel occlusion (16, 17). However, despite
successful recanalization, a substantial pro-
portion of patients experience unfavorable
functional outcomes'® .

The pathophysiology of ischemic stroke
involves a complex interplay of various fa-
ctors, including the inflammatory response.
In the acute stage of stroke, the occlusion of
distal cortical pial collateral vessels leads to
the release of adhesion molecules, cytoki-
nes, and chemokines by the arterial endot-

S

~N

helium. This in turn triggers the recruitment
of leukocytes, primarily neutrophils to the

Figure 1. Clinical outcome and mean NLR values
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Experimental evidence has shown that
blood flow is not restored in some random-
ly distributed brain areas after reopening of
the cerebral circulation and platelets and
leukocytes contribute to the futile recana-
lisation®. The recanalization and reperfu-
sion of the previously hypoxic brain areas
increase the pro-inflammatory function of
platelets and activate complex thrombo-inf-
lammatory pathways that contribute to the
ischemia—reperfusion injury. In our study,
higher NLR values were found in patients
with higher NHSS values, suggesting more
cerebral damage and more inflammatory
response in these patients.

Figure 2. NIHSS and NLR correlation

Table 3. Clinical outcome and collateral status

While the association between NLR and
outcomes in AIS patients undergoing EVT
is established, the underlying mechanisms
are yet to be fully elucidated. The inflam-
matory response, characterized by the acti-
vation of leukocytes, platelets, and pro-inf-

Tan collateral Total ; . ;
lammatory mediators, is believed to play a
MRS Good (2-3) Poor (0-1) vital role in the pathophysiology of AIS*.
<2 Frequency 58 7 65 It is possible that the elevated NLR refle-
% 89.2% 10.8% 100.0% cts the extent of systemic inflammation and
>3 Frequency 12 20 32 physiological stress, which may outweigh
% 37.5% 62.5% 100.0% the potential benefit of mechanical throm-
Total 70 27 97 bectomy in some patients.
P <0.001

mRs: Modified Rankin Scale

occlusion'®. In our study, we found high NLR values in
patients who were similarly recanalized to futile.

In addition to baseline NLR values, the dynamic chan-
ges in NLR over time have also been investigated. A
study by Li et al. assessed dynamic NLR in patients who
underwent EVT for ischemic stroke with acute large ar-
tery occlusion and found that increased NLR in the early
stage within 3 days after treatment was associated with
an increased risk of mortality at 1 month'®. Interestingly,
the NLR of survivors decreased more than that of nonsur-
vivors within 1 month after EVT, even after adjustments
for confounders.

Increased NLR value, which is a marker of systemic
inflammation in patients with successful recanalization,
increases futile recanalization and therefore suggests that
these patients should be given systemic anti-inflamma-
tory agents such as corticocyteroid before the procedure.

Conclusion

The neutrophil lymphocyte ratio (NLR)

has emerged as a promising biomarker for
predicting outcomes in AIS patients undergoing mec-
hanical thrombectomy. Higher NLR values have been
associated with unfavorable functional outcomes and
increased mortality. Additionally, the dynamic changes
in NLR over time may provide further insights into the
prognosis of patients post-EVT. However, more rese-
arch is needed to fully understand the underlying mec-
hanisms and validate the utility of NLR as a prognostic
tool. The use of inflammation-related biomarkers, such
as NLR, in clinical practice has the potential to enhance
risk stratification and guide treatment decisions in AIS
patients undergoing mechanical thrombectomy.

CONFLICT OF INTEREST — The authors declare no conflict
of interest.
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Hattér és cél - Kombinalt (generalizalt és
fokalis ronamokkal jaro) epilepsziak irodal-
manak attekintése, sajat betegeink ismerte-
tése, csoportszintl elemzés. Kérdésfeltevés:
csoportszinten melyek a kombinalt epilep-
Szia csoport sajatsagai és miben kulonboz-
nek ezek a generalizalt és a fokalis epilep-
sziaktol?

Médszerek - A vizsgalatba az epilepszia-
adatbazisunkbdl kigydjtott, 31 kombinalt
epilepszids beteget vontuk be. Az esetismer-
tetésekben betegeink klinikai, EEG- és képal-
kotd vizsgalatokbdl nyert adatait tablazatba
foglaltuk. A betegcsoportot a kévetkezdkkel
jellemeztuk: epidemioldgia, a generalizalt

és fokalis rohamok jelentkezésének ideje és
sorrendje, a csaladi anamnézis; a fenotipus
sulyossagat 6sszehasonlitottuk adatbazisunk
generalizalt epilepszia és fokalis epilepszia
csoportjaival. A statisztikai elemzés kétolda-
las Fisher-teszt, Kruskal-Wallis- és post-hoc
Dunn-tesztek segitségével tortént.
Eredmények - Az 6sszes, osztalyozhato
epilepszia 1,56%-a volt kombinalt epilepszia.
Andk aranya (67,7%) feldlmulta a férfiakét
(32,3%). Statisztikailag szignifikans asszocia-
Ci6 mutatkozott egyrészt a ,kis idékulonbség”
csoport (amelyben a generalizalt és fokalis
rohamok kozel egy idében jelentkeztek) és
az egyéb, agyi rendellenességre utald adatok
hianya kozott, masrészt a ,nagy idékulonb-
ség” csoport (amelyben a két rohamtipus
jelentkezése kozott 4-37 év telt el) és egyéb,
agyi rendellenesség jelenléte kozott (p = 0,02).
Pozitiv csaladi anamnézist betegek gyakorib-
bak voltak a kombinalt epilepszia csoportban,
mint a generalizalt epilepszia csoportban

(p =0,03) és a fokalis epilepszia csoportban
(p <0,0001). Az absence rohamok elektro-
klinikai fenotipusa tobb atipusos vonast
mutatott kombinalt epilepsziaban, mint a
generalizalt epilepszidhoz tartozé absence
epilepszidkban (p < 0,0001).

Kovetkeztetés - A  kis id6kulonbség” és
,nagy idékulonbség” betegek megkllonbdz-

Combined epilepsy with generalized and
focal seizures
Clemens B, PhD; Domotor |, PhD

Background and purpose - Combined
epilepsy (with generalized and focal seizures)
is a recently accepted and yet underreported
epilepsy type. We intended to review the
literature of combined epilepsy and to report
the individual findings of the 31 combined
epilepsy patients in our database. Thereaf-
ter, we investigated the characteristics of the
patients at the group level.

Methods - The individual findings of the 31
patients were tabulated. We characterized
the group with special reference to epide-
miology, timing and the sequence of gene-
ralized and focal seizures, family history of
seizures and severity of the electro-clinical
phenotype. The variables were compared to
those of the generalized epilepsy and the fo-
cal epilepsy groups of our database. We car-
ried out statistical analyses by the two-sided
Fishers's exact test and the Kruskal-Wallis
and post-hoc Dunn tests.

Results - The prevalence of combined
epilepsy was 1.56% within the total sample
of the classifiable epilepsy patients. Females
were affected more often than males (67.7%
and 32.3%, respectively). Statistically signifi-
cant associations emerged firstly between
the “short interval” subgroup (where the
generalized and focal seizures occurred with
short time difference) and the lack of other
cerebral abnormality, and secondly between
the “long interval” subgroup (where 4 to 37
years elapsed between the occurrence of
the two seizure types) and the presence of
other brain abnormality (p = 0.02). The pro-
portion of patients with positive family his-
tory of seizures was greater in the combined
epilepsy- than in the generalized epilepsy
group (p = 0.03) and the focal epilepsy group
(p <0.0001) of the database. The electro-
clinical phenotype of the absence seizures
showed more atypical findings (indicating
poor prognosis) in combined epilepsy than
in the generalized absence epilepsy patients
of the database (p < 0,0001).
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tetésének patogenetikai és gyakorlati jelentd-

sége van. A kombinalt epilepsziak genetikus
meghatarozottsaga felilmulja a masik két

Despite dissimilar patient selection and
study design, our main findings were in ac-
cord with those of prior studies. The dissec-

nagy epilepsziatipusét.

Kulcsszavak: kombinalt epilepszia, esetis-

mertetések, csoportelemzés

égota ismert, hogy némely epilepszias betegben

fokalis és generalizalt rohamok egyarant megjelen-
nek. Azonban csak az epilepsziak legujabb osztalyoza-
sa emelte be az ugynevezett ,kombinalt generalizalt és
fokalis” epilepsziatipust (a tovabbiakban: KE) mint (j
rendszertani kategoriat az epilepsziak generalizalt (GE),
fokalis (FE) és ,,ismeretlen” (IT) tipusai mellét. Az (j
klasszifikacio szerint KE véleményezhetd generalizalt
¢és fokalis rohamok egyazon betegben torténd megjele-
nése esetében. A diagnozis alapvetden a klinikai roham-
jelenségekre épiil, amiket lehetéleg (de nem kdtelezden)
EEG-eltérések is alatamasztanak. Ictalis regisztralas
hasznos, de nem nélkilzhetetlen a diagnézishoz. Kép-
alkotd vizsgalat szintén nem sziikséges a KE megallapi-
tasahoz. A klasszifikdcié nem tesz kiilonbséget a gene-
ralizalt és fokalis rohamok ugyanazon vagy kiilonboz6
¢letszakaszban, spontan vagy provokald tényezd hata-
sara torténd megjelenése kozott. Megjegyzendd, hogy a
KE nem azonos a fokalis és generalizalt EEG-eltérések
egyiittallasaval, sem a GE-ben eldéforduld klinikai és
EEG-aszimmetriakkal?® 2.

A KE tobb szempontbdl figyelemre mélto jelenség,
ami diagnosztikai és terapias nehézséget okozhat, és az
epilepsziagenetika szamara is kihivas. Ezért meglepd,
hogy a szakirodalomban viszonylag kevés faradsagot
forditottak e betegek vizsgalatara. Korabbi, sporadikus
esetleirdsokat leszamitva, kevesen ismertettek a KE de-
az epilepsziagenetika szempontjai szerint vizsgaltak!*2,
Az emlitett munkak eredményeinek értelmezése és 6sz-
szehasonlitasa céljabol megadjuk az egyes intézmények
betegellatasi szintjét, tovabba a bevalogatasi és kizaro
kritériumokat (1. tablazat). A munkak f6bb eredmé-
nyeit a 2. tablazat foglalja 6ssze. Tudomasunk szerint

tion of the combined epilepsy group into the
“long interval” and “short interval” subgroups
was a novel approach that highlighted the
dissimilar pathogenetic and clinical corre-
lates of each.

Conclusion - The case reports might
facilitate the spread of information about
combined epilepsy in the medical commu-
nity. Analyses of the patients at the group
level resulted in clinically useful pieces of
evidence.

Keywords: combined epilepsy; case reports;
group level analysis

KE-betegcsoport vizsgalata a hazai irodalomban nem
szerepel. Munkank célja az eddigi irodalom vazlatos at-
tekintése, sajat adatbazisunk KE-betegeinek ismertetése
¢és a KE néhany sajatsaganak csoportszintli elemzése.

Betegek és vizsgal6 médszerek
Betegek bevalogatasa, betegcsoportok

A vizsgalat helyszine a Debreceni Egyetem, Altalanos Or-
vosi Kar, Neurologiai Klinika, Kenézy Campus, Epilepszia
Ambulancia (azel6tt Kenézy Gyula Koérhaz, Neurologiai
Osztaly, Epilepszia Ambulancia). Az Epilepszia Ambu-
lancia 1981-ben kezdte miikddését, a betegek szama és az
adatbazis azéta folyamatosan ndvekszik. Az adatbazis az
alapellatas, a neuroldgiai és egyéb szakellatasok, a jaro- és
fekvobetegegységek altal beutalt betegekbdl tevodik Ossze,
igy feltehetden tiikr6zi Hajdu-Bihar megye és a kdrnyezd
képeznek azon betegek, akiket a gyermekneurolégiai vagy
pszichiatriai szakellatas keretében gondoznak.

Jelen vizsgalatunkban az adatkezelés és -feldolgo-
zas a Debreceni Egyetem Klinikai Kdzpont Regionalis
és Intézeti Etikai Bizottsaga jovahagyasaval tértént (DE
RKEB/IKEB 6535-2023). A vizsgalat retrospektiv jel-
legébdl kovetkezik, hogy diagnosztikai és terapias elja-
rasok nem késziltek, és nem szenvedtek késedelmet a
vizsgalat érdekében. A vizsgalatban a betegeket kdddal
azonositottuk, amelybdl nem lehet a betegazonosit6 ada-
tokat visszafejteni.

Els6 1épésben az adatbazisban szerepld Osszes epi-
lepszias beteg adatait attekintettiik, szliikség esetén revi-
deéaltuk és Ujra osztalyoztuk a legujabb epilepsziaklasz-
szifikacio! szempontjai szerint. Ennek soran a betegeket
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1. tablazat. /rodalmi dttekintés: a betegek bevalogatdsa, kizaro korilmények, betegszam

Szerz8(k), kozlés éve  Betegek bevonasa Kizaré kritériumok Beteg-
szam
Hughes és Kaydanova epilepsziaklinika; minden, tipusos absence  1-2 Hz tiske-hullam ictalis minta, 430
(1997)* beteg, 1-55 éves klinikai és EEG-kovetés ,secondary bilateral synchrony”
az 1945-1997 kozti idészakban
Koutroumanidis és tercier, mUtéti epilepsziacentrum; min- nincs 350
munkatarsai (1999)°  den, temporalis reszekci6 utani beteg az
1975-1997 kozti idészakban
Nicolson és munka- regionalis epilepsziacentrum; minden GE nincs 962
tarsai (2004)° beteg az 1989 és 2003 kozti id8szakban
Taylor és munkatarsai  JME-betegek jarobetegkdzpontbdl és ma-  nincs 40
(2004) ganpraxisokbal
Jeha és munkatarsai  tercier, mUtéti epilepsziacentrum; minden  életkor (< 10 év és > 60 év), agyi karo- 3009
(2006) monitorozott FE-beteg az 1992-2002 kdzti  sodasra utald tinet, progressziv agyi
id6szakban betegség, kérdéses interictalis EEG
Caraballo és munka- ~ Nemzeti gyermekkérhaz, Neurologia; betegség kezdete <2 és > 10 év, atipusos 203
tarsai (2008)° minden absence beteg benignus fokalis absence-ok markans motoros tinetekkel,
epilepszia tarsulasaval, az 1994-2002 kozti  atipusos EEG jelenségek, reflex-absence
id6szakban roham
Radhakrishnan és tercier, mUtéti epilepsziacentrum; min- nincs 664
munkatarsai (2011)"®  den, temporalis reszekcié utani beteg az
1995-2007 kozti id8szakban
Berkovic and The Epi4K Consortium adatbazis; idiopathias minden beteg, ahol tlneti etioldgiara 1120
Epi4K Consortium epilepszias betegek tobbszorosen érintett  utald adat taldlhato
(2017 csalddokbol
Ellis and The Epi4K Epi4K Consortium adatbazis; idiopathias minden beteg, ahol tlneti etioldgiara 1120
Consortium (2020)"?  epilepszias betegek tobbszordsen érintett  utald adat taldlhatd
csaladokbdl,
Asadi-Pooya és regionalis epilepsziacentrum; tempora- nincs 3760

munkatarsai (2024)'3

lis és GE egylttallasa a 2008-2023 kozti
id8szakban.

GE: generalizalt epilepszia, FE: fokalis epilepszia, JME: juvenilis myoclonusos epilepszia

a generalizalt epilepszia (GE), fokalis epilepszia (FE),
kombinalt epilepszia (KE) és ismeretlen tipusu (IT) epi-
lepsziatipusok egyikébe soroltuk be. A statisztikai elem-
zésekben az IT tipust betegek nem szerepelnek.

Az epilepszia tipusanak megallapitasa

Az epilepsziaklasszifikacié szerint a KE megallapita-
sa a rohamtilinetek alapjan torténik, lehet6leg (de nem
kotelez6en) EEG-adatokkal alatamasztval. Ez azonban
tévedésekhez vezethet, hiszen epilepszias betegekben
nem epilepszias, tranziens és paroxysmalis tunetek is
jelentkezhetnek. Ezért munkankban a rohamtiinetek
mellett minden esetben figyelembe vettiik az EEG-ada-
tokat. Gyakori (els6sorban absence és myoclonus) ro-
hamok esetében egy kivételével minden esetben ictalis
regisztratum segitette a diagndzist. Fokalis induléasra
utal6 tiinetek esetében megerdsitd EEG-lelet és / vagy a

tovabbi rohamzajlas bizonyitotta az epizéd epilepszias
természetét. A gyakori ictalis regisztralast a tartds video-
EEG-felvételek tették lehetové. Ez adott alkalmat, tob-
bek kdzott, az Ugynevezett pszichogén, nem epilepszias
rohamok (PNES) kiszlrésére.

Eredmények

Esetismertetések

Terjedelmi okbdl az esetek ismertetése az etioldgiara
(csaladi anamnézis, agyi artalomra utal6 klinikai és kép-
alkot6 adatok), az elektroklinikai tlinetegydttesek leira-
sara ¢és azok idérendi megjelenésére, tovabba a kovetés
hosszara szoritkozott (3. tablazat). A tablazatban az
egyes rohamtipusok, megjelenésiik ideje, és a kérdéses
idészakra jellemzd vizsgalati eredmények ugyanazon
sorban szerepelnek.
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2. tablazat. Fontosabb eredmények az eddigi kézleményekben

Szerz6(k), kozlés éve KE (%) Fontosabb eredmények

Hughes és Kaydanova 7,7% Az absence-okhoz 7,7%-ban csatlakoznak egyértelmden fokalis rohamok.

(1997 Az absence-ok jelentkezését kdvetBen, legtobbszor 10-20 évvel késdbb tarsultak
a fokalis rohamok.

Koutroumanidis és munka-  0,6% A FE-hoz tarsuld generalizalt ronamok egy része felismeretlen maradhat.

tarsai (1999)° A lobectomia utan jelentkez8 generalizalt ronamok egy része farmakogén lehet.

Nicolson és munkatarsai 1% A fokalis és generalizalt rohamok megjelenésének sorrendje esetleges.

(2004)° Farmakorezisztens FE-ban az absence, myoclonus felismeretlen maradhat. Nagy
volt a kisgyermekkori lazas gorcsok aranya a csoportban.

Taylor és munkatarsai 32% Juvenilis myoclonusos epilepszia gyakran tarsul benignus fotoszenzitiv occipitalis

(2004 epilepszidval. Az egyttallas 85%-ban nékben jelentkezik, csaladi halmozddast
mutat. JME betegekben a fokalis, vizualis tinetekkel jelentkezd vagy verziv roha-
mokat gyakran nem ismerik fel.

Jeha és munkatarsai (2006)°  0,2% Fokalis és generalizalt rohamok megjelenésének sorrendje esetleges.

Caraballo és munkatarsai 3,4% A fokalis rohamok mindig megel&zték az absence-okat.

2008y

Radhakrishnan és munka-  1,8% 5/12 esetben mar a lobectomia eldtt is voltak generalizalt ronamok, amelyek egy

tarsai (2011)'° része farmakogén lehetett (tipusosan karbamazepin hatasara).
7/12 esetben a generalizalt rohamok a lobectomia utan jelentek meg, ami
farmakogén hatas ellen szél.
Egy beteg absence és myoclonus rohamait csak a monitorozas alkalmaval fedez-
ték fel.
Nagy volt a kisgyermekkori lazas goércsok aranya a csoportban.

Berkovic and The EpidK 3,5% A GE formakdrben és a KE-csoportban szignifikansan tobb nd, mint férfi fordul

Consortium (2017)" el6, mig a FE-csoportban a nemek aranya kozel azonos.
A betegség kezdete (életév) statisztikailag nem kulénbdzik a harom nagy csoport-
ban.
A KE-k csaladi halmozddasa jelentds, elsésorban a kdzeli rokonokban.

Ellis and The Epi4K Consor-  3,5% A KE-k csaladi halmozddasa erds genetikai determinaciora utal.

tium (2020)? A KE-k genetikai hattere tobb hasonldsagot mutat a GGE-, mint a FE-csoporttal.
A genetikai architektlra vizsgalata arra utal, hogy a KE orokletessége 6nallé (a
GGE- és FE-csoportoktdl is részben fuggetlen) genetikai variaciokra vezethetd
vissza.

Asadi-Pooya és munkatar-  0,1% 10 genetikai variaciot azonositottak a vizsgalt betegcsoportban.

sai (2024)

KE (%) = kombinalt epilepszidk aranya a vizsgalt csoportban.
GE: generalizalt epilepszia, FE: fokalis epilepszia, JME: juvenilis myoclonusos epilepszia

A KE-betegcsoport sajatsagai
Epidemiol6gia

Adatbazisunk 1987, valamelyik epilepsziatipusba beso-
rolhatd, egyébként valogatas nélkili epilepszias betege
kozott 303 GE-, 1653 FE- és 31 KE-beteget talaltunk.
Utbbbiak aranya a teljes betegcsoportban 1,56% volt.
A 31 KE-beteg koziil 10 férfi (32,3%) és 21 né (67,7%)
volt. Az els6 nem provokalt roham minden KE-betegben
az 1-22. életévben jelentkezett.

Az egyes rohamtipusok jelentkezése és klinikai korrelaciok

A lazas gorcsoket nem szamitva, 17 betegben a fokalis és
generalizalt rohamok kis iddkiilonbséggel (0-2 év, leg-
tébbszor ugyanabban az évben) jelentkeztek. Ezzel szem-
ben 13 betegben hosszabb idészak (4-37 év) telt el a két-
féle rohamtipus jelentkezése kozott. A fennmaradd egy
betegben (16F) az iddkiilonbség nem volt megitélhetd.
A két csoport sajatsagai eltérok voltak. A, kis id6kiilonb-
ség” csoportban 14 esetben nem volt, harom esetben volt
(a rohamokat nem szamitva) agyi bantalomra utalé adat.
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3. tablazat. KE-betegeink fobb sajdtsagainak vdzlatos dsszefoglaldsa

Kéd Csalddi Betegség Neuro- Rohamok, jelentkezésik Vizsgalatok (EEG, képalkoto) UK
anam-  el6tti |6giai (életév)
nézis anam- status
nézis
TN pozitiv  esemény-  szel- ldzas gorcsok (2) EEG nem tortént 47
(2) telen lemi epigastrialis aura majd tudat- EEG fokalitas nincs
elma-  zavar (4)
radas  absence, gtc (4) 3 Hz GSW, GMSW (i)
képalkoto: -
2N pozitiv  esemény- norma- autoszkdpia majd tudatzavar (22) jobb parietalis meredek hullam (ii) 41
(2) telen lis 4 Hz GSW, GMSW (i, ii)
kétoldali myoclonus, gtc (24)
MRI negativ
3N negativ. esemény- norma- absence, gtc (13) 3 Hz GSW, GMSW (i, ii) 28
telen lis akusztikus hallucinacio, majd EEG nem készUlt
tudatzavar (23)
MRI: bal temporalis angioma
4N pozitiv  esemény- ADHD, absence, gtc (5) 3 Hz GSW (i) 21
(1) telen automatizmusok, tudatzavar (18)  bal temporooccipitalis tuske, delta,
GSW (ii)
MRI negativ
5N pozitiv  sclerosis normé- fokélis motoros (1) EEG lelet nem ismert 41
(1) tuberosa lis absence, kétoldali myoclonus 2-2,5 Hz GSW (i, ii)
(18) temporalis és diffuz kéros lassu (i)
bal arczsibbadas majd tudat- MRI: sclerosis tuberosa
zavar (36)
6N negativ. esemény- norma- balraverziv— tudatzavar (8) jobb frontalis tuske (i) 21
telen lis absence (8) 3 Hz GSW (i)
képalkoto: -
7F nem perinatalis  szel- automatizmusok, tudatzavarral multifokalis tiskék és koros lassu (ii) 2
ismert  artalom lemi (1 GSW (i)
elma-  kétoldali myoclonus (1) 3 Hz GSW (i)
radas  absence status (1) MRI: agyi angiomatosis
8N pozitiv  esemény- norma- kétoldali myoclonus (14) GSW (i) 30
(1) telen lis vizualis hallucinacié — bal frontélis tuske (ii)
generalizacio (26)
MRI normalis
ON  nem esemény-  szel- kétoldali myoclonus, gtc (21) GSW (ii) 36
ismert  telen lemi jobb kar zsibbadas — EEG nem készUlt
elma-  generalizaci¢ (31)
radas CT normalis
10N pozitiv  esemény- norma- absence, kétoldali myoclonus, GSW, GMSW, repetitiv gyors kisulés (i, i) 57
(1) telen lis gtc (3) EEG nem készult
paroxysmalis vizualis hallucina-
cidk (34) CT normélis
1IN negativ esemény- norma- balraverziv— generalizacié (2)  jobb féltekei tuske (ii), ritmusos kisulés 6
telen lis (i)
absence (2) - karbamazepin 3 Hz GSW (i)
bedllitasakor
MRI normaélis
12N pozitiv  esemény- norma- bal kar ténusos roham (13) multifokalis tlske, lassu (i) 26
(1) telen lis kétoldali myoclonus (15) MSW (i)
MRI normaélis

A 3. tabldzat folytatddik a kdvetkezd oldalon
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A 3. tabldzat folytatasa az el6z6 oldalrol

Koéd Csaladi Betegség Neuro- Rohamok, jelentkezésik Vizsgalatok (EEG, képalkoto) UK
anam-  el6tti |6giai (életév)
nézis anam- status
nézis
13N pozitiv  esemény- norma- fokalis motoros roham, tudatza-  multifokalis meredek hullamok (ii) 42
(1) telen lis varral (8) 3 Hz GSW, GMSW (i, i)
absence (8), gtc MRI normalis
14N negativ  esemény- norma- balra verziv, automatizmus, EEG fokalitas nincs 14
telen lis tudatzavarral (9)
absence, kétoldali myoclonus, GSW (i, ii)
gtc (9)
képalkotd: -
15F pozitiv  esemény- norma- absence (3) 3 Hz GSW (i) 38
(3) telen lis absence-myoclonus status (4) GSW, GMSW (i)
vizualis hallucinacié — Jobb occipitalis delta (ii)
generalizacio (13)
képalkotd -
16F pozitiv  esemény- norma- nem osztalyozhato (3) EEG nem készUlt 49
(2) telen lis absence, gtc (12) GSW, GMSW (i, ii)
amaurosis, vertigo — general- GSW, GMSW (ii)
iz4ci6 (32)
CT normalis
17F  negativ. esemény-  koordi- absence (8) GSW (i), 21
telen nacié-  jobb oldali hemikonvulzio (8) bal frontocentralis tobbestlske-lassu (ii)
zavar képalkoto: -
18N pozitiv  esemény- norma- jobbarc-zsibbadas — jobb és bal occipitalis delta (ii) 46
(3) telen lis generalizacio (11)
absence (11) 3 Hz GSW, GMSW (j, ii)
MRI normaélis
19N pozitiv  esemény- norma- jobbra iranyuld fejrangasok, EEG fokalitas nincs 11
(1) telen lis enuresis (5)
absence (5) 3 Hz GSW (i)
képalkoto: -
20F pozitiv  esemény- norma- kétoldali myoclonus, myoclonus — GSW (i, i) 43
(2) telen lis status (10)
jobbra verziv — generalizacié multifokalis-independens tuskék (ii)
(10) képalkotd: -
21N pozitiv  esemény- norma- absence, gtc (4) 3 Hz GSW, GMSW (i, ii) 47
(3) telen lis
idéélmény torzulas, jamais vu jobb és bal temporalis tuske (ii)
(41) MRI1 normalis, MRI2: agyi vasculitis
22F pozitiv  perinatalis norma- balra irdnyuld fejclonusok (12) 2 Hz GSW, jobb féltekei tuske (ii), 51
(2) artalom lis multifokalis ttske (ii)
kétoldali myoclonus-status, gtc
31 MRI: perinatalis karosodasra utal
23N negativ esemény- norma- absence, gtc (11) GSW, GMSW (i, ii), bioccipitalis taske (i) 44
telen lis bal occipitalis ictalis kezdet (i)
|4taszavar — generalizacio (11) képalkoto: -
24F  pozitiv  esemény- norma- absence (7) GSW (i) 11
(3) telen lis bal frontélis tlske, tobbestlske (ii)

hipermotorroham (11)

MRI: jobb insula kéros szerkezet(

A 3. tabldzat folytatodik a kbvetkezd oldalon
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A 3. tabldzat folytatasa az elézé oldalrol

Kéd Csaladdi Betegség Neuro- Rohamok, jelentkezésik Vizsgalatok (EEG, képalkotod) UK
anam-  elGtti |6giai (életév)
nézis anam- status
nézis
25F negativ  értelmifej- szel- absence (2) 2,5-3 Hz GSW, GMSW (i, ii) 41
|6dés kissé  lemi fokalis ténusos (2) tobb gocd, independens tuskék (ii)
elmaradt elma- GSW (i)
radas  kétoldali myoclonus (5) GSW (ii)
gtc (16) jobb occipitalis tuske, lassu (ii)
elemi occipitalis hallucinacié (27)  MRI1, MRI2: perinatalis karosodas
26F pozitiv  esemény- norma- absence, kétoldali myoclonus (9) 3 Hz GSW, GMSW (i) 50
(3) telen lis bal szomatoszenzoros (22) jobb centralis tuske, delta (i)
vizualis hallucinacié — genera- EEG fokalitas nincs
lizacid (22),
képalkoto: -
27N negativ esemény- norma- absence (8) 3,5 Hz GSW (i), bifrontalis tuske (ii), 44
telen lis bal temporalis ictalis minta (i)
automatizmus, tudatzavarral (34) MRI normalis
28N pozitiv  esemény- norma- absence, kétoldali myoclonus, GSW (i, ii) 28
(1) telen lis gtc (16)
vizualis hallucinacio, gondolko- EEG nem készllt
das zavara (17)
MRI normalis
29N negativ esemény- norma- motoros tlnetek, areaktivitas (3)  bifrontalis tdske (i) 4
telen lis kétoldali myoclonus, absence (4)  GSW (i, ii)
MRI normalis
30F negativ esemény- norma- vizudlis hallucinacié majd verziv  jobb occipitalis delta, bal centralis tiske 15
telen lis 9) (ii)
kétoldali myoclonusok (9) GSW (i)
MRI normalis
31N negativ esemény- norma- kontaktuszavar, motoros tinetek GSW jobb temporalis kezdettel, 13
telen lis 9) GSW, GMSW (i, ii)

kétoldali myoclonus — gtc (9)

képalkoto: -

Kéd: a sorszam és N (n8) vagy F (férfi). Csaladi anamnézis: zardjelben a pozitiv anamnézisi rokonok szama. Betegség el6tti anamnézis: az
elsé nem-provokalt roham elétti, elsésorban idegrendszert érintd események. Neuroldgiai status (beleértve a pszichés statust): az epilep-
sziat megel6z8en fennall¢ allapotra vonatkozik. Rohamok: fokalis ronamok esetében a ronamkezdé tlinet lefrdsa. Barmely rohamtipust
kovetd nyil (—) fakultativ generalizacidra utal. Gtc: generalizalt tonusos-clonusus roham. A leirast kovetd (szam) az életévet jelzi, amelyben
a rohamtipus megjelent. Vizsgalatok: (i) ictalis, (i) interictalis EEG-eltérést jelent. GSW: generalizalt tuske-hullam, GMSW: generalizalt tob-
bestUske-hulldm paroxysmus. UK: utolsé kontroll idépontja (életév), ameddig a beteg sorsardl biztos informacionk van. Ebbdl az értékbdl

az elsd roham jelentkezésének évét levonva, megkapjuk a kdvetés (ami nem feltétlendl végig intézményunkben tortént) idétartamat

Ezzel szemben, a ,nagy iddkiillonbség” csoport nyolc
tagjaban koros agyi miikddésre utald interictalis tiinet
vagy képalkotdval kimutatott agyi karosodas fordult eld.
Az utdbbi csoportban az agyi korallapot kezdett6l fogva
jelen volt (5N, 7F, 22F, 25F betegek), masoknal az élet
késébbi szakaban jelent meg (3N, 21N betegek). Statisz-
tikailag szignifikans asszociacié mutatkozott a ,kis id6-
kiilonbség” csoport és az agyi abnormalitasra utalé ada-
tok hidnya, valamint a ,,nagy id6kiilonbség” csoport és az
agyi abnormalitas jelenléte kozott (kétoldalas Fisher-féle
egzakt teszt, p = 0,02). Tovabba, a nagy idokiilonbséggel
jellemzett csoportban a generalizalt rohamok 11 beteg-
ben megel6zték a fokalis rohamok jelentkezését, csak két

betegben volt forditott a sorrend. A ,kis idokiilonbség”
csoportban a jelentkezés sorrendjének nem tulajdonitot-
tunk jelentdséget.

Csaladi epilepszias terheltség

Vizsgaltuk az epilepszias rohamokra nézve pozitiv csala-
di anamnézisti betegek gyakorisagat adatbazisunk GE-,
FE- és KE-csoportjaiban. Az elemzésre alkalmas (ismert
csaladi anamnézisti) 292 GE-, 1460 FE- és 29 KE-beteg
kozil pozitiv csaladi anamnézist talaltunk a GE-betegek
40,4%-aban, a FE-betegek 26,0%-aban és a KE-csoport
62,1%-aban. A KE-csoportot a két masik csoporttal 6sz-



336 clemens: Kombinalt epilepszia generalizalt és fokalis ronamokkal

szehasonlitva, mindkét kiilonbség statisztikailag szignifi-
kans volt (kétoldalas Fisher-teszt; KE vs. GE esetében p
=0,03; KE vs. FE esetében p < 0,0001).

Vizsgaltuk tovabba, a hdrom epilepsziatipushan atla-
gosan hany érintett hozzatartozé talalhaté a pozitiv csa-
ladi anamnézisti betegek csaladjaban. A csoportatlag a
KE-csoportban volt a legmagasabb (1,78), ezt kdvette a
GE-csoport (1,37) és az FE-csoport (1,30). Kruskal-Wal-
lis- és post-hoc Dunn-tesztek statisztikailag szignifikdns
kilénbséget mutattak a KE- és FE-csoport kozott (p <
0,05), de nem a KE- és IGE-csoport kozott (p>0,05).

A klinikai és az EEG-fenotipus sulyossaga 3r

Vizsgalatunkban a leggyakoribb GE-fenotipus az absence
epilepszia volt, ami az 6sszes, érintett betegben (n = 23) a
2-18. életév kozott jelent meg. E betegekben vizsgaltuk az
absence rohamok atipusos klinikai és EEG-jelenségeinek*
15 gyakorisagat, 6sszehasonlitva adatbazisunk absence be-
tegeinek csoportjaval (n = 55). A KE-csoportban gyakori-
ak voltak a kedvezdtlen progndzisra utal6 atipusos klinikai
és/vagy EEG-jelenségek (n = 16), igymint a gyermekkori
absence rohamokkal egy életszakaszban jelentkezd gene-
ralizalt tonusos-clonusos rohamok, absence rohamok je-
lentkezése az els6 harom életévben, absence-ek markans
myoclonusokkal, absence status, generalizalt tobbestis-
ke-hulldm és generalizalt repetitiv gyors kisilés. Tipu-
sos absence roham és szabalyos 3 Hz tiiskehullamminta
egytttese mindossze hét esetben fordult el6. Ezzel szem-
ben epilepszia-adatbazisunkban a tipusos vonasokat mu-
tatd absence epilepszias betegek voltak tébbségben (n =
45/55). Kétmintas Fisher-teszt statisztikailag szignifikans
kilénbséget mutatott a két csoport kozott (p = 0,0001).

A fenotipus hosszmetszeti valtozasa

A rohamtipusok jelentkezésén tilmenden, a fenotipusok
hosszmetszeti valtozasat és megsziinését nem allt mo-
dunkban minden betegben végig kdvetni, amiért elsdsor-
ban a kezelés természetes lefolyast mddosité hatasa és
a kovetés megszakadasa volt okolhaté. Hosszan kovetett
KE-betegeinkben azonban feltiint, hogy hét esetben a ro-
hamok megsziinése utan (akar gyogyszerelt, akar gyogy-
szermentes, mar gyégyultnak tekintett allapotban) alvas-
hiany vagy gyogyszerkihagyas kapcsan myoclonus vagy
generalizalt ténusos-clonusos roham jelentkezett; harom
esetben a fokalis rohamok jelentek meg ismét.

Gyogyszerhatas szerepe a KE létrejéttében

Egy betegiinkben (11N) fokalis rohamok megel6zése
céljabol beallitott karbamazepin azonnal, de novo, tipu-
sos absence rohamok megjelenéséhez vezetett, amelyek
a gyogyszer elvonasat kovetd napon megsziintek, és tob-
bet nem jelentkeztek.

Megbeszélés

Az esetismertetések konkrét tartalommal, példakkal tol-
tik meg a KE fogalmat. Remélhetden hozzajarulnak a
kombinalt epilepszia felismeréséhez, ami az eddigi koz-
lések szerint még szinvonalas intézményekben sem min-
dig torténik meg (2. tablazat).

A statisztikai elemzésekkel a KE-csoportot 6sszeha-
sonlitottuk a szintén adatbazisunkbdl kinyert GE- és FE-
csoportok megfeleld sajatsagaival. Az eddigi vizsgalatok
célzott betegbevalogatasaval szemben, egyedil a mi
vizsgalatunk épult az 6sszes, osztalyozhatd epilepszias
beteg alkotta, valogatas nélkili minta vizsgalatara.

Epidemiologia

Annak ellenére, hogy a betegek bevalogatasa és vizsga-
latbol torténd kizarasa kiilonféle kritériumok szerint tor-
tént (1. tablazat), a KE gyakorisaga hasonlé volt vizs-
galatunkban és a hivatkozott munkakban (2. tablazat).
Vizsgalatunk és a tobbi emlitett vizsgalat egyarant arra
utal, hogy a KE a ténylegesnél ritkabban felismert epi-
lepsziatipus. Vizsgalatunk limitaciojaként értékelhetd,
hogy (a betegiranyitdas miatt) anyagunkban minddssze
harom, Lennox—Gastaut-szindrémas beteg szerepelt,
Dravet-szindromas egy sem. Ezért elképzelhetd, hogy
a KE altalunk talalt gyakorisaga valamivel kisebb, mint
a teljes populacidban. Szdmos betegben tartés EEG- és
vided-EEG-monitorozas deritett fényt addig nem felis-
mert rohamok létezésére. Az alapos korelézmény mellett
a tartds monitorozés alkalmas ezek felismerésére, tran-
ziens tiinetek epilepsziasként vagy nem epilepsziasként
torténd azonositasara. Tobb esetiinkben évek vagy év-
tizedek teltek el a generalizalt és a fokalis tipusu roha-
mok jelentkezése kozott, ami a hosszu tavu, lehetdleg a
tartdsan rohammentes idészakra is kiterjedd, odafigyeld
kovetés és dokumentacio fontossagara utal.

A rohamok fiatalkori megjelenése altalaban jellemzo a
genetikai etioldgiaju epilepsziakra, ez alél KE-betegeink
sem képeztek kivételt. Kozottik feltiinden nagy a nék
aranya a férfiakhoz képest, hasonldéan a GE-populécio-
ban talal ardnyhoz!. A nék talstlyat JIME és occipitalis
rohamok tarsuldsa esetében is leirtdk’. A n6k gyakoribb
érintettsége a GE- és KE-csoportokban valésziniileg a
genetikai hasonldsag megnyilvanulasat?.

A rohamtipusok jelentkezésének sorrendje,
Klinikai korrelaciok

Egyes vizsgaldk a fokalis és generalizalt rohamok jelent-
kezési sorrendjében nem talaltak szabalyossagot® 8. Masok
szerint az absence rohamokhoz kés6bb csatlakoznak a
komplex parcialis ronamok* (az Gjabb terminoldgia szerint
,,focal seizure with impaired awareness”), amire magunk is
talaltunk példat. Az emlitett vizsgalat nagyon hosszu tavd,
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modszeres, klinikai és EEG-kovetésre alapozott eredmé-
nyei ugy is értelmezhetdk, hogy két tipusu, ¢letkorfliggd
epileptogenezis hozza 1étre eldbb az absence, majd kés6ébb
a komplex parcialis rohnamokat. Egyetlen kdzleményben
emlitik a fokalis rohamok elébbi, az absence-ok késob-
bi megjelenését®, de ez a gyermekkori benignus fokalis
(ma: ,,self-limited”) epilepsziakra vonatkozik, ezért nem
vethetd Ossze a tobbi munkaval. Nem természetes epilep-
sziaevolucid soran, hanem miivileg létrehozott helyzet-
ben (temporalis lobectomia utan) absence és myoclonus
rohamok jelentkezését észlelték olyan betegekben, akik-
ben a miitét eldtti monitorozas soran ilyenek nem voltak.
A szerzOk a potencidlisan zavar6 kortilmények, példaul a
valtozé gydgyszerelés miatt nem tudtak egyértelmiien al-
last foglalni a jelenség okat illetden. Egyik lehetoségként
a halantéklebeny gatld hatdsanak megsziinését, ezaltal a
GE-halozat aktivalodasat vetették fel'®. Posztoperativ ro-
hamszam-névekedést, generalizalt rohamok jelentkezését
masok is észlelték®s, ezért ez is megfontolando lehet6ség.
Anyagunkban epilepsziamiitét nem volt, ezért e lehetoség-
gel nem kellett szamolni.

A KE kialakulasanak vizsgalatahoz kivantunk csat-
lakozni a ,,kis idokiilonbség” és ,,nagy idokiilonbség”
csoportok 06sszehasonlitasaval, amelyek megkilon-
boztetését adataink sugalltdk. Az elébbi csoportot
a generalizalt és fokalis rohamok ugyanazon évben
vagy egy-két év idokiilonbséggel torténd jelentkezé-
se, interictalisan tdébbnyire normalis agyi allapot jel-
lemezte. Ezzel szemben, a ,,nagy idékiilonbség” cso-
portban két kivételtdl eltekintve, eldbb a generalizalt
rohamok jelentkeztek, majd hosszabb id6 (4-37 év)
elteltével a fokalis rohamok. E csoportban tébbségben
voltak a kéros agyi allapot jeleit mutato betegek. Az
interictalisan észlelhetd agyi abnormalitas gyakorisa-
ga statisztikailag szignifikdns mértékben kiilonbozott
a két csoportban. Adataink azt sugalljak, hogy a ,kis
idékiilonbség” csoportban kozos (vagy atfedd) gene-
tikai variacioknak tudhatdé be a hasonld iddzités. Az
epilepsziagenetika mai allasa szerint ez lehetséges'’,
k6zds genetikai variaciokat is azonositottak'®, de a
kérdés részleteiben még nem kidolgozott. Més a hely-
zet a ,,nagy idokiilonbség” csoportban, ahol tigyneve-
zett ,,szerzett” epileptogén tényezd is szerepet jatszhat
a fokalis rohamok megjelenésében. Ezt egyeldre felte-
vésként kezeljik a kis esetszam és a nem minden be-
tegben elvégzett MRI-vizsgalat miatt. Nagyobb létsza-
mu, prospektiv vizsgalatok tisztazhatjak a kérdést, de
ettdl fiiggetleniil javasoljuk MRI-vizsgalat elvégzését
KE esetében, kiilonos tekintettel a ,,nagy idokiilonb-
ség” csoportba sorolhaté betegek esetében.

Csaladi epilepsziahajlam

Megvizsgaltuk a rohamokra nézve pozitiv csaladi
anamnézisi betegek gyakorisdgat a GE-, FE- és KE-

betegcsoportokban. Megvizsgaltuk tovabba, az emli-
tett hdrom csoportban atlagosan hany érintett hozza-
tartozo talalhatd a pozitiv csaladi anamnézisi betegek
(probandok) csaladjaban. Mindkét szamitas eredménye
arra utal, hogy az orokletes epilepsziahajlam nagyobb
KE-ban, mint a masik két epilepsziatipusban, de csak az
FE ¢és KE kozti kiilonbség volt statisztikailag szignifi-
kans. Ez egybehangzik a genetikai szamitasra alapozott
munkakkal, amelyek a GE és KE kozti genetikai rokon-
sagot bizonyitottak'218,

Az absence fenotipus sajatsagai

Absence rohamokat mutatd6 KE-betegeinkben megvizs-
galtuk a tipusos és atipusos vonasok!* gyakorisagat.
Kontrollként sajat adatbazisunk idiopathias absence
epilepszias betegei szerepeltek. Az atipusos jelenségek
gyakorisaga statisztikailag szignifikdns mértékben meg-
haladta a kontrollcsoportban talalt gyakorisagot. Az ati-
pusos klinikai és EEG-eltérések sulyosabb idegélettani
zavarra utalnak, és rosszabb progndzist vetitenek eldre,
mint ami a tipusos elektroklinikai egyuttallasokra jellem-
z0. Feltehetd, hogy a KE-csoportban az atipusos vonasok
gyakorisaga az epileptogén genetikai hatdsok 6sszegz6-
dését tiikrozik, ami valdszini az el6z6 6sszehasonlitas és
az ott hivatkozott munkak alapjan.

A fenotipus hosszmetszeti valtozasa

A fenotipus hosszmetszeti valtozasat nem allt médunk-
ban modszeresen, minden betegben kovetni, amiért elso-
sorban a kezelés hatasa és a kdvetés megszakadasa fele-
16s. Emlitést érdemld tapasztalat volt provokalt rohamok
kizarolagos jelentkezése a spontan rohamokat tekintve
tartdsan rohammentes allapotban. Ezen esetekben nem
jelentkezett Gj, epileptogén-ictogen agyi folyamat vagy
élettani valtozas (infekcid, intoxikacid, stroke stb.), ami a
késo6i recidivat magyarazna. A késoi provokalt rohamok
magyarazata lehet az életkorral csdkkend, de még mindig
az atlagosat meghalad6 agykérgi excitabilitas, ami spon-
tan rohamok generalasara mar nem elegendd, de atmene-
ti, provokalt fokozodasa idején még ictogen lehet?.

Gyogyszerhatas szerepe a KE létrejottében

KE esetében az epilepsziaklasszifikacié nem tesz kii-
Ionbséget egyik vagy masik rohamtipus spontan vagy
farmakologiai hatasra torténd megjelenése kozott. Egy
beteglinkben egyértelmiien a karbamazepin provokalt
absence rohamokat. E jelenség generalizalt epilepsziak-
ban nem ritka, de KE-ben is észlelték® 1°. A rohamgatl6
szerek paradox hatasa®® hozzajarulhat addig nem észlelt
rohamtipus jelentkezéséhez, tartds alkalmazas esetén an-
nak fennmaradasahoz, igy farmakogén KE kialakulasa-
hoz.
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Background and purpose - Dysphagia,
characterized by difficulty in swallowing due
to neurological deficits, stands out as the
foremost contributor to stroke associated
pneumonia (SAP) development. Recent
investigations have explored the utility of
blood tests, including parameters like neu-
trophil count, leukocyte count, neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lympho-
cyte ratio (PLR), and the CRP to albumin ratio
(CAR), at the time of admission as potential
markers for predicting SAP development.
This study is set out to assess predictors of
SAP in patients with acute ischemic stroke
and dysphagia.

Methods - This retrospective cross-sectio-
nal study, conducted at the University of
Health Sciences, Neurology Department of
Erenkoy Mental Health Neurological Disor-
ders in Istanbul, Turkey, between January
2021 and January 2023, assessed 65 indivi-
duals with acute ischemic stroke and dys-
phagia. Excluding specific criteria, clinical and
laboratory data were collected. Patients were
categorized into SAP and non-SAP groups
based on diagnostic criteria. Results provide
insights into risk factors of SAP.

Results - In this study of 65 stroke patients
with dysphagia, 27 (41.5%) developed SAP
within the first week. No significant differenc-
es in age, gender, comorbidities, or infarct
size were observed between the pneumonia-
positive and pneumonia-negative groups (p
> 0.05). HbA1c levels were significantly lower
in the pneumonia-positive group (p = 0.02).
Logistic regression revealed that NLR, CAR
levels, and the presence of atrial fibrillation
(AF) were significant predictors of pneumo-
nia development (p < 0.001).

A tudégyulladas eldrejelzdi dysphagias
stroke-betegekben: Egy térok tanulmany
Kasik¢i HO, MD; Ucgul Ercin E; Karaci R, MD;
Mustafa Ulker M, MD; Mayda Domac F, MD

Hattér és cél - A neuroldgiai deficit miatt
fellépd nyelési nehézségekkel jellemezhetd
dysphagia a stroke-hoz tarsulo tudégyulla-
das (stroke associated pneumonia, SAP)
kialakulasanak egyik legfontosabb oka.

A kdzelmultban végzett vizsgalatok feltartak
a vérvizsgalat, ezen belll az olyan paraméte-
rek, mint a neutrophilszam, a leukocytaszam,
a neutrophilek és lymphocytak aranya (neu-
trophil-to-lymphocyte ratio, NLR), a throm-
bocytak és lymphocytak aranya, valamint a
C-reaktiv protein és az albumin aranya (CRP
to albumin ratio, CAR) ismeretének hasznos-
sagat a korhazi felvételkor, mivel ezek a

SAP kialakulasanak el8rejelzésére szolgald
potencialis markerek lehetnek. E tanulmany
célja, hogy felmérje a SAP prediktorait akut
ischaemias stroke-ban és dysphagiaban
szenved® betegeknél.

Médszerek - A torokorszagi Isztambulban,
az Egészseégtudomanyi Egyetem Erenkoy
Mentalis Egészség és Neuroldgiai Rendelle-
nességek Neurologiai Osztalyan 2021 janu-
arja és 2023 januarja kozott vegzett retro-
spektiv keresztmetszeti vizsgalatunkban 65,
akut ischaemids stroke-ban és dysphagidban
szenvedd személy adatait tekintettlk at.
Specifikus kritériumok alkalmazasaval klinikai
és laboratériumi adatokat gydjtottunk. A
betegeket a diagnosztikai kritériumok alapjan
SAP- és nem SAP-csoportba soroltuk. Az
eredmények betekintést nydjtanak a SAP
kockazati tényezdibe.

Eredmények - A vizsgalatban 65 dyspha-
gias stroke-betegbdl 27 (41,5%) betegnél
alakult ki SAP az els@ héten. A tiddgyulladas-
pozitiv és a tuddgyulladas-negativ csoport
kozott nem volt szignifikans kilonbség az
életkor, a nem, a tarsbetegségek vagy az
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Conclusion - Dysphagia is considered one
of the most significant risk factors for SAP.
However not all ischemic stroke patients with
dysphagia develop SAP; that is the reason we
think NLR, CAR, and AF might be predictors
of SAP in acute ischemic stroke patients with

infarktusméret tekintetében (p > 0,05).

A HbA, -szintek szignifikansan alacsonyabbak
voltak a pneumoniapozitiv csoportban

(p =0,02). A logisztikus regresszié kimutatta,
hogy az NLR- és a CAR-szintek, valamint

a pitvarfibrillacié (atrial fibrillation, AF) szigni-

dysphagia.

Keywords: stroke, dysphagia, pneumonia,
infection, stroke associated pneumonia

troke-associated pneumonia (SAP) is one of the most

common complications of stroke and typically devel-
ops within the first week after a stroke®. There are many
factors that impact SAP development; current predictive
models mainly focus on dysphagia, age, comorbidities,
and gender®. Even though there are many models, there is
still no widely accepted model for clinical use.

SAP typically occurs as aspiration pneumonia. Based
on our knowledge, the immune system also plays a role
in the pathogenesis of SAP. Immunosuppression associ-
ated with cholinergic pathways, functional loss of T cells,
and an increase in activity of sympathetic pathways have
been linked to a higher risk of infection? 3. SAP leads to
increased mortality and morbidity, resulting in prolonged
hospital stays for patients®.

A widely accepted idea is that the nervous system
plays a significant role in regulating the body’s overall
immune function. In the context of a stroke, brain injury
triggers the activation of neurogenic pathways, including
the sympathetic nervous system, the hypothalamic-pitu-
itary-adrenal (HPA) axis, and the parasympathetic ner-
vous system, which collaborate to impact the strength
and extent of the body’s immune response®.

It is generally admitted that stroke itself has an im-
portant relationship with inflammation. Recognizing
high-risk unstable inflamed atherosclerotic plaques may
aid in identifying individuals with asymptomatic carotid
stenosis who could potentially benefit from procedures
like endarterectomy or carotid artery stenting, or those
requiring intensive anti-inflammatory treatments. In the
context of carotid atherosclerosis, numerous investiga-
tions have indicated a connection between inflammation
and various indicators of plaque instability with recent

fikans el8rejelzéi a tudbgyulladasnak
(p<0,001).

Kovetkeztetés - A dysphagia a SAP egyik
legjelent8sebb kockazati tényezéje. Azonban
nem minden ischaemias stroke-os betegnél
alakul ki SAP; ezért Ugy gondoljuk, hogy az
NLR, a CAR és az AF a SAP prediktora lehet

a dysphagias akut ischaemias stroke-os
betegeknél.

Kulcsszavak: stroke, dysphagia, pneumonia,
infekcio, stroke-hoz tarsulé tidégyulladas

symptoms and cerebral events. For instance, a study in-
volving 269 patients with carotid plaques revealed that
ruptured plaques in individuals who had experienced a
stroke showed higher levels of monocyte/macrophage
and T-cell infiltration when compared to asymptomatic
or transient ischemic attack (T1A) patients®.

Dysphagia caused by a neurological deficit is the most
common factor in the development of SAP. More than
half of stroke patients are affected by dysphagia. In most
cases, it improves over time, but in 11-13% of them con-
tinues to persist longer than 6 months’. Weak swallowing
and coughing reflexes, caused by a neurological deficit,
result in the aspiration of particles. Apart from a nasoga-
stric tube is not always effective in preventing aspiration
pneumonia, aspiration can happen due to small volumes
of pharyngeal and gastric content. If oral intake is insuf-
ficient, liquid nutritional supplements are suggested to
meet energy and protein requirements. In cases where
oral feeding is not possible, early enteral nutrition should
be initiated within 48 hours. Exclusive enteral nutrition
preserves gastrointestinal function and structure, sup-
porting the immune system and modulating the metabol-
ic response, thereby improving survival®.

Not all patients with dysphagia develop SAP and
vice versa. Different scoring systems (A2DS2, AISAPS,
ISAN) have been designed to predict the risk of SAP®,
However, they are not generally accepted in clinical use,
and none of the previous studies include only patients
with dysphagia and determine which patients are more
likely to develop SAP. Therefore determining a biologi-
cal marker to find a relationship with a comorbidity can
help the clinicians to precede and prevent SAP in patients
with dysphagia. The concept of finding an inflammato-
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ry marker in acute ischemic stroke patients is popular;
a study has been conducted with the conclusion that the
prevalence of CD64+ neutrophils suggests a biphasic
alteration in the immune response post-ischemic stroke
showing a decrease below baseline after one week in
patients without infection®. This finding suggests that
CD64+ neutrophils could serve as a reliable marker for
identifying the evolving inflammatory response related to
infection following a stroke.

Although dysphagia is an important risk factor of SAP,
it does not cause pneumonia in more than 67% of stroke
patients’. A high National Institutes of Health Stroke
Scale (NIHSS) score upon hospital admission, severe
dysphagia, atrial fibrillation (AF), and anterior circula-
tion infarcts are more frequently associated with SAP™.

A recently published review and a study have inves-
tigated whether blood tests, such as neutrophil count,
leukocyte count, neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and C-Reactive
Protein (CRP) to albumin ratio (CAR) at the time of ad-
mission, can serve as markers for pneumonia develop-
ment'2 3, NLR is a cost-effective and readily accessible
biomarker, reflecting the equilibrium between acute and
chronic inflammation as well as adaptive immunity. Al-
though specific threshold values are yet to be established,
variations in NLR over time indicate potential disrup-
tions in the immune system. Also, during the COVID-19
pandemic, the CAR was also shown in a multivariate
analysis study in COVID patients to be statistically sig-
nificant for the risk of intensive care admission over the
age of 65. Elevated CAR is believed to have utility in
forecasting the severity of COVID-19, the duration of
hospitalization, and mortality rates®.

In addition, a relationship between SAP and stress hy-
perglycaemia (ratio of blood sugar levels to HbAlc val-
ues) has been suggested by Tao and colleagues®. These
tests reflect systemic inflammatory responses.

There are some studies suggesting the use of prophy-
lactic antibiotic therapy in patients with ischemic stroke,
but the guidelines do not recommend this approach?® 17,
Predicting which stroke patients will develop pneumonia
is pivotal for prevention. The purpose of our study is to
identify predictors of SAP in patients with acute ischemic
stroke and dysphagia.

Materials and methods
Study population

This cross-sectional study retrospectively evaluated 65
individuals hospitalized between January 2021 and Janu-
ary 2023 at the Neurology Department of Erenkoy Men-
tal Health Neurological Disorders in Istanbul, Turkey.
Acute ischemic stroke patients with dysphagia were ad-
mitted to our clinic and evaluated. Patients below the age

of 18, who did not have an ischemic etiology, had oth-
er inflammatory, rheumatological, or systemic diseases
that could affect blood tests, who developed an infection
other than pneumonia during their hospital stay, who de-
veloped haemorrhagic transformation, patients without
dysphagia, and patients who were admitted in our clinic
after 24 hours of stroke onset were excluded. Totally 395
patients with acute ischemic stroke were examined and
due to the exclusion criteria 330 patients were not includ-
ed, therefore the study was conducted with 65 patients.

Methods

The clinical and demographic data of the patients were
recorded. Neurological examination, and the following
information were documented: NIHSS score, presence of
AF, use of beta blockers, iron levels, neutrophil count,
leukocyte count, lymphocyte count, platelet count, glu-
cose levels, CRP and albumin levels, HbAlc, NLR, PLR,
CAR, stress hyperglycaemia and size of infarct (infarcts
smaller than 3 cm in diameter were classified as small
infarcts)!®. The Bedside Swallowing Test had been per-
formed to assess dysphagia. During their hospital stay
patients were examined by a language and speech ther-
apist.

Patients were divided into two subgroups: those who
developed SAP and those who did not. While there are
no consensus criteria for the diagnosis of SAP, our study
applied the criteria suggested by Smith et al'®, which
include progressively infiltrating lesions in post-stroke
chest images, as well as the presence of more than two
of the following clinical symptoms of infection: fever
of 38 °C or higher; newly occurring cough, productive
cough, or worsening of preexisting respiratory disease
symptoms with or without chest pain; signs of pulmonary
consolidation and/or moist rales; and peripheral white
blood cell count above 10 x 109/L or below 4 x 109/L.

Statistical analysis

For statistical evaluation and data processing, we used
SPSS version 26. Descriptive statistics, such as mean,
median, standard deviation, minimum values, maximum
values, and the 25" and 75" percentiles of data were calcu-
lated. The normality of the data was determined using the
Shapiro-Wilk test. The Mann-Whitney U test was used to
evaluate non-normally distributed data. Chi-square test
or Fisher’s exact test were used in order to compare cat-
egorical variables in different groups. Logistic regression
analysis was performed to identify predictive factors for
the development of SAP. A significance level of 5% was
used for type-1 error in statistical analysis. In all tests, a
p-value of less than 0.05 was considered statistically sig-
nificant. The study was approved by the ethical commit-
tee of Erenkoy Mental Health&Neurological Disorders.
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Table 1. Total patient group results

Median Minimum Maximum Mean Std. Deviation
Age 73 41 95 72.44 10.02
Admission NIHSS score 8 1 22 9.03 22.31
CRP (mg/dL) 1.30 0 14.50 2.36 2.74
Albumin (g/L) 3.80 1.67 512 3.79 0.53
CRP/Albumin Ratio (*100) 0.30 0 4.99 0.69 0.94
Stress hyperglycemia ratio 18.40 9.47 32.31 18.94 4.88
Glucose (mg/dL) 109.00 73.54 280.00 123.08 42.55
HBA, . (mmol/mol) 5.90 4.90 16.60 6.64 2.09
Neutrophil/lymphocyte Ratio 3.13 0.19 31.36 4.25 4.30
Platelet/lymphocyte Ratio 127.77 10.90 374.19 140.03 64.05
Neutrophil count (x103/ul) 6.13 2.59 20.70 6.42 2.73
Lymphocyte count (x10A3/uL)  1.73 0.62 4.60 1.91 0.77
Platelet count (x10/3/uL) 233.00 148.00 437.00 240.00 62.02
Iron Level (ug/dL) 54.51 9.00 148.06 56.42 29.05

Results

Sixty-five patients were included in the study. 34 patients
(52.39%) were female and 31 were male. The mean
age of the patients’ was 72.44 = 10.02 years. Within the
first week of stroke 27 of them (41.5%) developed SAP.
There was no statistically significant difference between
the pneumonia-positive group and pneumonia-negative
group in terms of age (p=0.20) and gender (p=0.95).
Out of 65 patients, 20 (30.76%) had diabetes mellitus,
43 (66.15%) had hypertension, 23 (35.38%) had chronic
heart disease, 20 (30.76%) had a previous history of cere-
brovascular events, and 11 (16.92%) of them used beta
blockers. There was no statistically significant difference
between the pneumonia-positive and the pneumonia-ne-
gative groups in terms of beta blocker use (p=0.10), hy-
pertension (p=0.94), diabetes mellitus (p=0.20), chronic
heart disease (p=0.44), previous history of cerebrovascu-
lar event (p=0.35), and size of infarct (p=0.14).

The patients’ NIHSS scores were calculated upon ad-
mission as it is seen in Table 1. The mean NIHSS score
in the pneumonia-positive group was 8.62 + 4.49, while
the mean value was 9.31 £+ 4.92 in the pneumonia-nega-
tive group. No statistically significant difference was de-
tected between the NIHSS score and the development of
pneumonia (p=0.70). Statistical difference analysis bet-
ween SAP group and non-SAP group is seen in Table 2
using Mann-Whitney U test.

At the time of hospital admission, it was discovered
that 23 patients (35.40%) had an electrolyte imbalance.
There was no significant difference found between the
two groups (p=0.81). Median HbA _ level was 5.60 ug/
dL in the pneumonia positive group, while 6.20 pg/dL in
the pneumonia negative group. The difference in HbAlc
levels was statistically significant (p=0.02), but it’s im-
portant to question how relevant this difference is in real-
world medical situations.

The median blood glucose level was 104.48 mg/dL in

Table 2. Statistical difference analysis between SAP group and non-SAP group using Mann-Whitney U test

ADMISSION CRP ALB CAR SHR NLR PLR LMR GLUCOSE HBA1C
NIHSS
Mann- 485.000 494500 372.000 424.000 410.000 444500 507.000 307.000 361.500 292.000
Whitney U
Wilcoxon W 863.000 1235500 723.000 1019.000 761.000 1185.500 1248.000 685.000 739.500  643.000
Z -374 -.246 -.871 -.269 =477 -912 -.080 -1.180 -2.017 -2.241
Asymp. Sig. .709 805 384 .788 633 362 936 238 044 0.025
(2-tailed)

*p<0.05
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Table 3. Regression analysis of the predictors

B-S.E. Sig. (p value) Exp(B) 95% C.I. for EXP(B)
(Lower - Upper)
PLR -0.027-0.014 0.055 0.974 0.947 - 1.001
NLR 1.009 - 0.390 0.010* 2.743 1.277 - 5.894
NMR -0.130-0.106 0.217 0.878 0.714-1.079
LMR -0.70 - 0.101 0.490 0.933 0.765-1.137
SHR -0.149-0.093 0.110 0.862 0.718-1.034
CAR 1.180 - 0.525 0.025* 3.255 1.163-9.106
Beta Blocker Usage -2.662 - 1.498 0.076 0.070 0.004 -1.315
Size of Lesion -0.894 - 0.891 0.316 0.409 0.071-2.344
Presence of AF 2.727-0.977 0.005* 15.281 2.252 -103.676

*p <0.05

p <0.001, -2 Log likelihood=37.847, Cox Snell RZ=0.450, Nagelkerke R?=0.600. Hosmer-Lemeshow x2 (8) = 4.798, p > 0.05

the pneumonia-positive group and 117.50 mg/dL in the
negative group. The 25" percentile and the 75" percen-
tile of blood glucose levels were 92.00 mg/dL and 118.09
mg/dL in the pneumonia positive group, while they were
97.50 mg/dL and 156.50 mg/dL in the pneumonia neg-
ative group. The p-value was 0.44. Logistic regression
analysis was conducted to identify the risk factors for the
development of pneumonia. In the created model, the fol-
lowing factors were included: presence of AF, usage of
beta-blockers, platelet-to-lymphocyte ratio (PLR), neu-
trophil-to-lymphocyte ratio (NLR), neutrophil-to-mono-
cyte ratio (NMR), stress hyperglycemia ratio, CRP to
albumin ratio, and size of the lesion. The result of the
regression analysis as it can be seen in Table 3, indicat-
ed that the predictors collectively significantly predicted
the outcome (P < 0.001, Nagelkerke R? = 0.600). The
goodness of fit of the models was assessed using the
Hosmer-Lemeshow test (%*: (8) = 4.798, p > 0.05). The
analysis determined that NLR (odds ratio [OR]: 2.743,
95% CI: 1.277 — 5.894), CAR levels (odds ratio [OR]:
3.255, 95% CI: 1.163 — 9.106), and the presence of atrial
fibrillation (OR: 15.281, 95% CI: 2.252 — 103.676) sig-
nificantly predicted the risk of pneumonia.

Discussion

The aim of this cross-sectional study was to assess an
efficient and clinically useful marker for predicting the
development of SAP in patients with dysphagia. Stroke
stands as the primary neurological factor behind dyspha-
gia, marked by difficulties in swallowing. Between 42%
and 67% of stroke patients experience dysphagia within
three days of the event. Of those, half face aspiration,
and a third of aspirating patients develop pneumonia re-
quiring treatment. Early identification of dysphagia and

aspiration risk is crucial for stroke patients. Regarding
the nutritional treatment of individuals with acute stroke,
there are established guidelines from both international
and Hungarian professional sources. The fundamental
concept underscores the importance of identifying chal-
lenges in swallowing, as this serves as the foundation for
applying suitable nutritional approaches®. It is recom-
mended to conduct swallowing screening at the earliest
possible stage for all stroke patients. Stroke patients with
dysphagia not only face the risk of aspiration and pneu-
monia, but also dehydration, malnutrition, weight loss,
risk of other infectious diseases and death. Therefore it
is important to find predictors to assess which patient
with dysphagia has the susceptibility to develop the men-
tioned diseases.

For our limitations, the relatively small sample size of
65 patients in our study may restrict the generalizability
of our results to a larger stroke population. That is the
reason why caution should be done when extending the
results to a wider demographic pool. The absence of de-
tailed information on the brain lesion location limits the
comprehensiveness of our study. Understanding the in-
fluence of lesion location could offer a more nuanced in-
terpretation of the factors that contribute to the develop-
ment of SAP. In addition, without a long-term follow-up
data after the initial stroke, our understanding of the
progression of dysphagia and speech-language deficits
is restricted. Observation for a longer time would allow
us to have important insights into the lasting impact and
changes of these complications. Though we acknowl-
edge these limitations, they emphasize the urgency for
future research to involve larger, multicentre cohorts to
improve the external validity of our findings.

We found that patients with higher CRP/albumin ratio
were more likely to develop SAP. In the pneumonia-pos-
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itive group the median CAR ratio was 0.35, while it was
0.31 in the pneumonia-negative group. Circulating CRP
and albumin are recognized biomarkers of systemic in-
flammation. The CRP to albumin ratio (CAR), a new-
ly introduced biomarker, has been proposed as a more
dependable indicator of inflammatory conditions when
compared to either CRP or albumin on their own?.

It was also found in our study that a higher neutro-
phil-to-lymphocyte ratio was present in the pneumo-
nia-positive group. This biomarker effectively integrates
two aspects of the immune system: the innate immune re-
sponse, primarily driven by neutrophils, and the adaptive
immune response. NLR is widely recognized for its pre-
dictive significance and is associated with mortality both
in the overall population and in various distinct groups
of conditions such as sepsis, pneumonia, COVID-19,
and cancer?. In a study involving 3,340 patients with
community-acquired pneumonia, NLR was found to be
a promising marker for predicting outcomes'2. While
many studies concentrate on the relationship between
NLR and mortality prediction, there are not many studies
that consider NLR as a predictor of the development of
infection®. On the other hand, there are some studies in-
dicating that NLR can be used for the early identification
of severe SAP and to predict ICU admission in patients
with intracerebral hemorrhage®. Our results indicated
that NLR is a predictor of SAP in patients with ischemic
stroke and dysphagia.

PLR is thought to be another potential marker of
stroke severity because of its ability to encompass both
inflammatory and thrombotic pathways, making it a
more valuable indicator than relying solely on platelet or
lymphocyte counts. In a study it is suggested that PLR
increases in acute ischemic stroke patients as well as it
correlates with NIHSS score®. However, we did not find
a significant correlation between SAP development and
PLR levels. The predictive value of an increased PLR has
been extensively researched in multiple medical condi-
tions, including cardiovascular disease and cancer, for in-
dicating unfavorable outcomes. Nevertheless, its role as
a prognostic factor for stroke patients, particularly those
with ischemic strokes, remains uncertain®.

Atrial fibrillation has a complicated relationship with
inflammation. Whether AF is the cause or the result of the
process still remains unclear. Current data demonstrates
that AF has the capacity to induce inflammation and pro-
voke structural alterations in the myocardium. Moreover,
this inflammation and structural transformation collabo-
ratively contribute to lowering the threshold for the onset
of AF¥. AF remained a significant risk factor for SAP
development in ischemic patients with dysphagia. As in-
dicated by previous SAP prediction models such as the
A2DS?2 score (age, atrial fibrillation, dysphagia, sex, and
stroke severity), AF was identified as a potential predic-
tor of SAP4,

As an interesting result in our study, we found that
HbA _and blood glucose levels were higher in the pneu-
monia negative group. Considering that elevated HbAlc
levels are typically associated with infections, the con-
tentious outcome of our study raises questions. Our re-
search, even though it shows a controversial result, lays
the groundwork for future studies to explore the practical
significance of HbAlc variations in relation to pneumo-
nia. This provides useful perspectives on its possible use
as a prognostic or diagnostic indicator.

In our study the SHR ratio did not show any statisti-
cally significant difference between the two groups. In
contrast to our results, a study conducted on a cohort of
2039 patients found that higher SHR levels were signifi-
cantly associated with an increased risk of SAP in stroke
patients. However, this effect was primarily observed in
patients without diabetes. Therefore the relationship be-
tween SAP and SHR still needs to be investigated®®.

Elevated sympathetic activity following a stroke plays
a role in the development of various complications, in-
cluding post-stroke immune suppression. It has been pro-
posed that treatment with B-blockers is neuroprotective
and can reduce the occurrence of infectious complica-
tions following a stroke?. Notably, a study involving 625
patients, of whom 553 were admitted with acute ischemic
stroke and 72 with intracerebral hemorrhage, found that
exposure to P-blockers, which means taking [-block-
ers before a stroke and continuing the treatment during
hospitalization, did not lower the risk of stroke-related
pneumonia. However, it did result in a decrease in the
occurrence of urinary tract infections®. That being said,
another meta-analysis shows an increase in post-stroke
infections associated with B-blocker treatment. In our
study there was no correlation between SAP develop-
ment and B-blocker use, therefore more data is essential
for this subject as well*.

Another subject that needs to be discussed is the size
of the infarct and the lack of statistically significant dif-
ference in NIHSS scores between the pneumonia-posi-
tive and pneumonia-negative groups in our study. NIHSS
score is also a component of ISAN predictor model: pre-
stroke Independence [modified Rankin scale], Sex, Age,
National Institutes of Health Stroke Scale. ISAN model
is believed to be a tool in SAP prediction and clinical use;
but the same study also noted that external validation was
required in ischemic and hemorrhagic stroke cohorts®.
With our patient group having moderate NIHSS scores,
it is predictable that the two groups may not differ statis-
tically.

Our study did not show any statistically significant dif-
ference in lesion size between the two groups. To explain
that, it is important to emphasize that the location of brain
lesions were not recorded in the study. In a study of 592
patients with acute stroke, it was found that strokes in the
territory of the left anterior cerebral artery were associ-
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ated with pneumonia®. In another study, it was observed
that the size of the infarct was the primary factor asso-
ciated with lymphocytopenia on day 1 and day 4 after a
stroke. This was accompanied by a decrease in natural
killer cell counts and an increase in monocyte counts, fol-
lowed by dysfunction of monocyte cells after extensive
infarcts®.

Lastly, regular monitoring of NLR and CAR in pa-
tients with dysphagia post-stroke could serve as a
cost-effective and accessible strategy for identifying
those at increased risk of SAP. Clinicians could effort-
lessly incorporate these markers into routine assess-
ments, especially in the early post-stroke phase. Also
given the fact that AF should already be kept in mind
as a stroke risk factor and needs to be investigated in all
stroke patients, it is important to take into consideration
that stroke patients with atrial fibrillation could be more
likely to develop SAP.
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Background and purpose - This pros-
pective study aimed to investigate diffe-
rences in video head impulse test (vHIT) and
cervical vestibular evoked myogenic poten-
tial (cVEMP) findings between patients

with vertebrobasilar insufficiency (VBI) and
Meniere's disease (MD) who experience
episodic vertigo attacks.

Methods - A total of 27 patients with VBI
and 37 patients with MD were enrolled

into the study in a tertiary referral center.
Inclusion criteria consisted of patients

with a minimum of two previous vertigo
attacks, unaccompanied by any neurological
symptoms during an attack. All patients
underwent horizontal canal h-vHIT and
c-VEMP assessments following pure sound
audiometric examinations. First, vHIT and
cVEMP results for low and high flow sides in
VBI patients were analyzed. Subsequently,
data from the low-flow side in VBI patients
and the affected side in MD patients were
compared.

Results - The mean vHIT values for low
and high-flow volume sides in VBI patients
were 0.68 and 0.88, respectively. In MD
patients, mean vHIT values for affected

and healthy sides were measured as 0.77

A vertebrobasilaris elégtelenség

és a Meniere-kor értékelése: A nyaki
vestibularis kivaltott myogen potencial
és a video6s fejimpulzustesztbdl nyert
felismerések

Surmeli M, MD; SurmeliR, MD; Yalcin D, MD;
Sahin Yilmaz AA, MD; Adnan Cirik A, MD;
Gunay G, MD; Kulali F, MD

Hattér és cél - Ennek a prospektiv vizsga-
latnak a célja a videos fejimpulzusteszt (VHIT)
és a cervicalis vestibularis kivaltott myogen
potencial- (cVEMP-) eredmények kilonbsé-
geinek vizsgalata volt olyan vertebrobasilaris
elégtelenségben (VBI) és Meniere-kérban
(MD) szenvedd betegek kozott, akiknél epizo-
dikus szédUléses rohamok jelentkeznek.
Médszerek - A vizsgalatba 6sszesen 27 VBI-
beteget és 37 MD-beteget vontunk be egy
tercier szakorvosi kozpontban. A felvételi
kritériumokat akkor teljesitették a betegek,
ha legalabb két korabbi széduléses ronamuk
volt, és a roham alatt nem volt semmilyen
neuroldgiai tunetik. Minden betegnél a tiszta
hang audiometriai vizsgalatokat kdvet&en
horizontélis csatornas (h)-vHIT- és cVEMP-
értékelést végeztink. EI6szor a vHIT- és a
cVEMP-eredményeket elemeztik a VBI-bete-
gek alacsony és magas aramlasi oldalara
vonatkozdan. Ezt kdvetden a VBI-betegek
alacsony aramlasi oldalanak és az MD-bete-
gek érintett oldalanak adatait hasonlitottuk
Ossze.

Eredmények - Az atlagos vHIT-érték a VBI-
betegek alacsony és magas aramlasi tér-
fogatu oldalain 0,68, illetve 0,88 volt. Az MD-
betegeknél az érintett és az egészséges oldal
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and 0.87, respectively. Abnormal results
were observed in 66.7% of VBI patients and
51.4% of MD patients, with no statistically
significant difference between the findings
(p> 0.05). Upon examining the affected side,
c-VEMP responses were absent in 41% of
MD patients and 48% of VBI patients, with
no statistically significant difference between
the groups (p> 0.05).

Conclusion - vHIT and cVEMP assessments
can be utilized as supplementary tools to
radiologic investigations for the clinical
diagnosis and follow-up of VBI. However,

no significant differences were observed
between vHIT and cVEMP findings in patients

atlagos vHIT-értékei 0,77 és 0,87 voltak.

A VBI-betegek 66,7%-anal és az MD-betegek
51,4%-anal rendellenes eredményeket
figyeltink meg, és az eredmények kozott
nem volt statisztikailag szignifikans kulonb-
ség (p > 0,05). Az érintett oldal vizsgalatakor
a (VEMP-valaszok az MD-betegek 41%-anal
és a VBl-betegek 48%-anal hianyoztak, a
csoportok kdzott nem volt statisztikailag
szignifikans kulonbség (p > 0,05).
Koévetkeztetés - A vHIT- és a cVEMP-érté-
kelések a radioldgiai vizsgalatokat kiegészi-
t6 eszkdzként hasznalhatok a VBI klinikai
diagndzisaban és utankovetésében. Mind-
azondltal, a vHIT- és a cVEMP-leletek kdzott

with MD and VBI.

Keywords: vertebrobasiler insufficiency,
Meniere's disease, video head impulse
test, vestibular evoked myogenic potential,

vestibular system

I\/I eniere’s disease (MD) is a complex inner ear di-
sorder characterized by idiopathic episodes of ver-
tigo, accompanied by fluctuating hearing loss, tinnitus,
and a sensation of aural fullness. With a community in-
cidence of approximately 190 per 100,000 individuals',
this condition has garnered significant attention within
the medical community. The diagnostic and therapeutic
guidelines, initially established in 1972 by the American
Academy of Otolaryngology Committee on Hearing and
Equilibrium (AAOHNS-CHE), were updated in 2015 to
reflect the current understanding of the disease®. The di-
agnostic criteria primarily rely on subjective data, with
two key classifications emerging?:

Definite Meniere Disease: a minimum of two sponta-
neous episodes of vertigo, each lasting between 20 minu-
tes and 12 hours; audiometrically documented low-to-me-
dium frequency sensorineural hearing loss in the affected
ear, occurring at least once prior to, during, or after one
of the vertigo episodes; fluctuating aural symptoms (ful-
Iness, hearing, tinnitus) localized in the affected ear; and
absence of a more fitting vestibular diagnosis.

Probable Meniere Disease: a minimum of two episo-
des of dizziness or vertigo, each lasting between 20 mi-
nutes and 24 hours; fluctuating aural symptoms (fullness,
hearing, or tinnitus) in the affected ear; and presence of a
more fitting vestibular diagnosis.

Ischemia in the vertebrobasilar system (VBS) prima-
rily manifests in two forms: vertebrobasilar insufficien-
cy (VBI) and stroke resulting from posterior circulation
disorders®. The National Institute of Neurological Disor-

nem észleltink szignifikans kilonbségeket az
MD- és a VBI-betegeknél.

Kulcsszavak: vertebrobasilaris elégtelenség,
Meniere-betegség, video-fejimpulzusteszt,
vestibularis kivaltott myogen potencial,
vestibularis rendszer

ders and Stroke (NINDS) defines VBI as transient ische-
mia in the VBS* Comprised of two vertebral arteries
and one basilar artery, the VBS supplies blood to critical
brain structures, including the pons, medulla oblongata,
cerebellum, occipital cortex, mesencephalon, thalamus,
and vestibulocochlear system. Atherosclerosis is the
most common cause of VBI and VBS occlusion, fol-
lowed by major vascular atherosclerosis, embolism, and
arterial dissection’. Less frequently, migraine, coagulo-
pathy, and substance abuse may contribute to VBI. Clas-
sic symptoms include episodic vertigo, sudden hearing
loss, dysarthria, hemiparesis, diplopia, dysphagia, ataxia,
and falling attacks® ’. However, VBI may occasionally
present with sudden hearing loss, vertigo, tinnitus, episo-
des of falls, and associated symptoms such as vomiting
and nausea, exclusively affecting the vestibulocochlear
system without other accompanying symptoms. Occlu-
sion in this area can lead to hypoperfusion or transient
ischemic attack, yielding episodic manifestations. These
transient attacks necessitate the differentiation of VBS
symptoms from other vestibular system diseases, with
Meniere’s disease being one such condition presenting
similar clinical findings. Table 1 shows the main clinical
features of MD and VBI.

The video head impulse test (VHIT) serves as an ob-
jective method for evaluating the vestibulo-ocular reflex
(VOR) arising from semicircular canals, building upon
the head impulse test (HIT) first described by Halma-
gyi and Curthoys in 1988%'°. vHIT provides a numerical
assessment of VOR gain, as well as an evaluation of re-
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fixation saccades in patients with vestibular
insufficiency. Vestibular evoked myogenic
potential (VEMP) measures electromyoge-
nic muscle activities stemming from ves-
tibular otolith organs following vestibular
system stimulation, with cervical VEMP
(cVEMP) representing the muscle response
from the saccule to the sternocleidomasto-
id muscle (SCM) and oVEMP representing
the muscle response from the utricle to the
ocular system. The vestibulo-collic reflex
originating from the saccule involves the
saccule, inferior vestibular nerve, vestibu-
lar nuclei, vestibulospinal tract, accessory
nuclei, and SCM muscle. Various stimuli,
such as air-conducted audio stimulants,
bone conduction stimulants, forehead taps,

Table 1. Diagnostic clinical features of MD and VB!

MD VBl
Vertigo + (It usually lasts 20 minu-  +
tes to 12 hours, but not
more than 24 hours)
Hearing loss + (Documented sensori- -

neural hearing loss from
low to mild frequencies
during or after an episode
of vertigo)

Ringing in the ear + -

Feeling of fullness  + -

in the ear

HINTS Normal (Positive head Abnormal (Normal

impulse test on the side of
the lesion, nystagmus in

head impulse
test, directional

or galvanic stimulation, can be used to ac-
tivate the vestibular system, allowing for
VEMP recordings.

the horizontal axis without
changing direction, no
skew deviation)

nystagmus, skew
deviation)

This study aims to investigate the dif-
ferences in VHIT and cVEMP findings
between patients with VBI (occurring in
young-to-middle-aged individuals) and
MD who present with episodic vertigo and drop attacks.
By identifying unique patterns in these vestibular tests,
we hope to improve diagnostic accuracy and facilitate ta-
ilored treatment approaches for these two clinically over-
lapping conditions.

Materials and methods

This study was conducted through a collaboration betwe-
en the Otorhinolaryngology, Neurology, and Radiology
departments at University of Health Sciences, Umraniye
Training and Research Hospital from January 2019 to Ja-
nuary 2023. All participating patients provided informed
consent. The study received approval from the Ethics
Committee of the University of Health Sciences, Um-
raniye Training and Research Hospital (Approval date:
21.07.2016, Approval number: 11060).

Patients

A total of 27 patients diagnosed with VBI and 37 patients
diagnosed with unilateral MD, based on audiologic and
radiologic examinations, were selected from the pool
of patients presenting to the otorhinolaryngology and
neurology outpatient clinics with recurrent vertigo episo-
des but without accompanying neurologic findings. MD
diagnosis followed the 2015 revised diagnostic criteria of
the Barany Society.

Exclusion criteria included patients aged under 18
years or over 60 years, those with previous or current
middle ear disease, prior ear surgery or ablative therapy

MD: Meniere disease, VBI: vertebrobasilar insufficiency, HINTS (Head Impulse
Test, Nystagmus, Test of Skew Deviation)

(steroids or gentamicin), additional vestibular diseases,
migraine, vestibular migraine, vision loss, musculoskele-
tal system diseases, diabetes mellitus, hypo or hyperthy-
roidism, and presbyvestibulopathy. Furthermore, patients
with MD demonstrating a total vertebral flow <200 mL/
min in vertebral artery transcranial color duplex or bila-
teral MD were also excluded. Cranial MR imaging was
used to rule out other pathologies that might cause vesti-
bular system symptoms.

Only patients with at least two previous vertigo atta-
cks, unaccompanied by neurologic symptoms during the
vertigo episode, were included in the study. Comprehen-
sive clinical histories were obtained from all patients, and
neurootologic and neuroophthalmological examinations
were conducted. Bilateral transcranial color duplex so-
nography, h-vHIT (horizontal canal vHIT), and cVEMP
were performed for all patients after pure sound audio-
metric examinations.

Image analysis

An experienced radiologist conducted all transcranial
color-coded duplex sonography examinations using a hi-
gh-frequency (7.5 MHz) linear probe on a Doppler USG
system (Toshiba Aplio 300, Toshiba Medical Systems,
Tokyo, Japan). Patients were evaluated in the supine
position with their neck extended. The vertebral artery
was investigated longitudinally between the transverse
foramina. A spectral Doppler flow pattern of the verteb-
ral artery was obtained during the acquisition time. The
vertebral artery diameter was measured, and the spectral
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flow pattern contours were manually delineated for blood
flow volume estimation. The duplex US device automa-
tically calculated blood flow volume in each vertebral
artery using the following formula: blood flow volume
(cm*/min) = time average velocity (cm/s) x (diameter/2)?
(cm?) x 60. Vertebrobasilar insufficiency was defined as
the total blood flow volume in bilateral vertebral arteries
being less than 200 mL/min according to transcranial co-
lor duplex sonography''~'.

VHIT Analysis

Horizontal vHIT was employed to assess the horizontal
semicircular canal function. The EyeSeeCam system (In-
teracoustics a/s, Middelfart, Denmark) was used to re-
cord vHIT, which consisted of lightweight glasses with a
small video camera and a half-silver mirror reflecting the
patient’s left eye image. The glasses were tightly secured
to the patients’ heads. Patients were instructed to fixate
on a target placed on a wall 1.2 meters away. Calibration
was performed prior to each recording. During the test,
random head impulses were applied along both lateral
semicircular canal axes, approximately 15-20° on the la-
teral side of the midline in the horizontal plane at 150°-
200° /s. Fifteen recordings were made separately for each
side. VOR Gain at 40, 60, and 80 ms was recorded, with
the mean VOR Gain at 60 ms being taken for evaluation.
Normal values for VOR Gain were accepted as 0.8-1.2°.

cVEMP Analysis

cVEMP recordings were conducted using an evoked po-
tentials machine (Eclipse EP- 25/VEMP; Interacoustics,
Denmark). The active electrode was placed in the middle
of the same sternocleidomastoid muscle, the reference
electrode on the upper two-thirds of the SCM, and the
grounding electrode in the middle of the forehead. The
test was performed once in a silent environment with
the patient awake and sitting. Ipsilateral recordings were
obtained with stimulation from the right and left ears.
Electrode impedance was maintained at <5 kQ. Acoustic

Table 2. Patient characteristics

stimulation of 100 dB for 0.1 ms was delivered separa-
tely to each ear at 5 Hz. The EMG signal was filtered in
the range of 10 to 500 Hz, and averaged over a 100 ms
interval. As a result of cVEMP, a total of 200 results were
averaged. P1 and N1 negative/positive polarity peak wa-
ves were measured. P1 and N1 peak latencies and P1-N1
inter-peak amplitudes were calculated.

VHIT and cVEMP data for the affected and healthy
sides of patients with MD were calculated separately.
Moreover, VHIT and cVEMP data for the low-flow and
high-flow sides were calculated separately and recorded
according to the vertebral flow states of the patients with
VBL

The study data were examined under two categories.
In the first analysis, vHIT and cVEMP results obtained
from the low-flow and high-flow sides of patients with
VBI were statistically analyzed; additionally, the healthy
and affected sides of patients with MD were statistically
analyzed. In the second analysis, the data of the low-flow
side of patients with VBI and the affected side of patients
with MD were statistically compared.

Statistical analysis

Statistical analysis was performed using SPSS version
20 program (IBM Corporation, New York, NY). De-
scriptive statistical analyses were conducted. The Chi-
square test was employed to compare qualitative variables.
Quantitative variables were examined for normal distri-
bution using variance analysis. The independent sample
t-test was utilized to compare quantitative variables with
normal distribution, while the Mann-Whitney U test was
used to compare quantitative variables without normal
distribution. A p-value of <0.05 was considered statisti-
cally significant.

Results

The study included 64 patients, with a mean age of 49.5
years for patients with VBI and 45.3 years for patients
with MD (Table 2).

VBI MD P value
n: 27 n: 37
Sex (M/F); n 9/18 13/24 0.54
Low Flow & Disease Side (R/L) 1017 15/22 0.06
Age (year) Mean+SD 4952 +7.39 4527 +8.74 0.06
(range) (35-60) (28-60)

VBI: vertebrobasilar insufficiency, MD: Meniere disease, M: male, F: female, R: right, L: left
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Table 3. h-vHIT results for both groups. There was no difference between Meniere’s disease and VBI in terms of h-vHIT
VOR Gain results (p>0.05). In addition, in VBI patients, the VOR Gain results for the affected side were lower compared

to the healthy side (p<0.05)

h-vHIT Gain VBI MD p-value
n: 27 n: 37
Low Flow & Disease Side Mean+SD 0.68+0.18 0.77+0.24 0.08
(Range) (0.29-1.02) (0.29-1.02)
High Flow & Healthy Side Mean+SD 0.88+0.17 0.87+0.19 0.87
(Range) (0.62-1.14) (0.45-1.20)
p-value *0.001 0.10

VBI: vertebrobasilar insufficiency, MD: Meniere disease, SD: standard deviation

Vertebral artery flow volumes were as-
sessed using transcranial color duplex so-
nography. The right vertebral artery flow
volume was 71.11 + 44.06 mL/min, the left
vertebral artery flow volume was 96.30 +
47.73 mL/min, and the total vertebral artery
flow volume was 168.41 £+ 28.50 mL/min.
The total vertebral artery flow volume for
patients with MD was measured as 240 +
20 mL/min.

In patients with VBI, the low-flow and
high-flow sides were evaluated separately
based on vertebral flow state. The mean
vertebral artery flow volume on the hi-
gh-flow side that fed the basilar artery was
121.48 + 33.59 mL/min, and the mean ver-
tebral artery flow volume on the low-flow
side was 45.93 +21.35 mL/min.

Hearing assessment was conducted

using pure sound audiometric examination.

Figure 1. vHIT results according to high and low flow in vertebrobasi-

In patients with VBI, the mean pure sound lar insufficiency patients. Low flow was found to have low vHIT gain on

audiometry results for the low-flow and hi-
gh-flow sides were 18 = 5.4 dB HL and 15
+ 7.2 dB HL, respectively. In patients with
MD, the affected and healthy ear hearing
thresholds were evaluated separately, with measurements
of 39.5 £ 23.0 dB HL and 18.8 + 14.9 dB HL, respecti-
vely.

A total of 64 bilateral h-vHIT records were obtained
for both groups. In patients with VBI, the mean vHIT
results for low-flow and high-flow volume sides were
0.68 £ 0.18 and 0.88 + (.17, respectively, based on the
arterial flow volume state (p<0.05). In patients with MD,
the mean VHIT results for the affected and healthy sides
were 0.77 £ 0.24 and 0.87 + 0.19, respectively (p>0.05)
(Table 3).

In both groups, considering a cut-off value of 0.8,
66.7% of test results were abnormal in the low-flow side
for patients with VBI, and 51.4% of test results were ab-

the current side (p <0.05)

normal in the affected side for patients with MD (p>0.05)
(Figure 1). Moreover, 37.0% of test results were ab-
normal in the high-flow side for patients with VBI, and
37.8% of test results were abnormal in the healthy side
for patients with MD (p>0.05) (Figure 2).

cVEMP responses were examined in both groups. For
the affected side, cVEMP responses were not obtained
in 41% (n=15) of patients with MD and 48% (n=13) of
patients with VBI (p>0.05) (Table 4).

In cVEMP examinations, P1-N1 peak latencies and
P1-N1 amplitude values were analyzed. When comparing
the affected sides of MD and VBI patients, no significant
difference was found in terms of cVEMP findings, while
maintaining the integrity of meaning (p>0.05) (Table 4).
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Discussion

Drop attack is characterized by spontaneo-
us episodes of sudden falls lasting seconds
or minutes, often without loss of conscious-
ness. This serious symptom is frequently
accompanied by dizziness, vomiting, and
nausea. Drop attack etiology includes he-
art diseases (syncope variants) (12%), VBI
(8%), both heart disease and VBI (8%), se-
izures (7%), inner ear diseases (Meniere’s
disease) (5%), and psychological problems
(1%)".

VBI and MD share similar symptoms,
making it difficult to differentiate between
the two diseases. Both conditions present
with episodes of drop attacks, vomiting,
nausea, dizziness, and sudden hearing loss

S

J

(fluctuating).
Lee W et al.' reported a patient with VBI

Figure 2. Patient and healthy side vHIT results in “Meniere’s patients”.

experiencing recurrent vertigo attacks. The There was no difference between vHIT gains on both sides (p >0.05)

patient’s attacks occurred once per month,

lasting approximately 20 minutes. During

the attack, the patient had horizontal right-beat nystag-
mus and catch-up saccades in the HIT test. Other cranial
nerve examinations were normal. MRI revealed occlusi-
on in the left vertebral artery and right anterior inferior
cerebellar artery (AICA). The patient had no response on
the right side in the cVEMP examination'®.

Central or peripheral vertigo may result from ische-
mia because the AICA supplies both the brainstem and
the vestibular system. Conversely, the medial branch of
the posterior inferior cerebellar artery (mPICA) provides
blood to the cerebellar nodulus and uvula. Peripheral ver-
tigo may occur in ischemia related to this artery because
these parts are connected to the ipsilateral vestibular nuc-
leus. Lee H et al.’s study'” examined 240 patients with
cerebellar infarction and identified 25 patients with ves-

Table 4. cVEMP results of both groups

tibular neuritis. Twenty-four (96%) of the 25 patients had
infarction in the mPICA territory and one patient (4%) in
the AICA territory'’. Hearing loss may accompany acute
vestibular syndrome due to AICA ischemia, and these
findings may present as episodic attacks.

Patient with migraine frequently has vestibular comp-
laints. Many studies have identified subclinical vestibu-
lar dysfunction in migraineurs who do not complain of
vestibular symptoms. In a study by Inan et al. was shown
that vestibular system involvement may be present in
migraine patients'®.

The inner ear (vestibular apparatus and cochlea) is
supplied by the labyrinthine artery, which originates
from the AICA. The labyrinthine artery is an end artery.
Since the brainstem and cerebellum are mostly supplied

c-VEMP Low Flow & Disease Side p-value High Flow & Healthy Side p-value
VBI MD VBI MD
Mean + SD Mean + SD Mean + SD Mean £ SD
(Range) (Range) (Range) (Range)

P1 Latency (seconds) 17.21 +1.54 1626 +1.62  0.87 13.99 £ 0.57 14.26 +0.97 0.19
(14.67-19.67) (14.33-20.33) (13.0-14.67)  (11.67-15.67)

N1Latency (seconds) 26.06 £ 2.11 25.60 £ 1.38 0.58 2411 +£1.25 23.32+1.35 0.12
(23.0-29.67)  (24.0-28.33) (22.0-25.67)  (20.6-25.67)

P1-N1 Amplitude (uV) 21.20+ 2461 3233+39.11 049 4738 +38.81 71.71+55.68 0.85
(0.0-69.09) (0.0-135.5) (0.0-157.5) (0.0-151.9)

VBI: vertebrobasilar insufficiency, MD: Meniere disease, SD: standard deviation
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by anastomosis arteries, they are less affected by ische-
mia and infarction than the inner ear'. This explains the
isolated acute vestibular syndrome and hearing loss in
VBIZO, 21 .

Few studies have investigated the functional outcomes
of VBI on the vestibular system. Guo et al. found canal
paresis in caloric tests in 50% of patients in their study*.
Baki et al. reported decreased cVEMP latencies and amp-
litudes in patients with VBI*. In our study, bilateral or
unilateral cVEMP responses were not obtained in 44.4%
of all patients. On the low-flow side, this rate was 48%.
Additionally, the average h-vHIT gain was measured be-
low the cut-off value of 0.8 in 66.7% of patients. When
examining the low and high-flow sides separately in pa-
tients with VBI, both vHIT and cVEMP data on the low-
flow side showed significant abnormalities compared to
the high-flow side.

Permanent damage to audiovestibular structures oc-
curs due to endolymphatic hydrops in MD, resulting
in unilateral or bilateral vestibular insufficiency. In our
study, 41% of patients with unilateral MD had no cVEMP
responses when examining cVEMP data. Egami et al.
identified cVEMP abnormalities in 29.8% of patients
with unilateral MD in their study®. In later studies, Chen
et al. found this rate as 40%?. The mean VHIT gain was
0.77 when the horizontal canal cut-off VHIT gain value
was accepted as 0.8. Heuberger et al. found a vHIT gain
of 0.7 in a study involving 35 patients with single-sided
MD?*. In subsequent studies, Lee SU et al. found a vHIT
of 0.7%7, and Rubin et al. found a vHIT of 0.78%.

In our study, there was no statistically significant
difference between the cVEMP and h-vHIT findings of
patients with MD and VBI. The peripheral vestibular
system was affected in both diseases, and abnormalities
were observed in VHIT and cVEMP examinations.

In conclusion, the findings of our study suggest that
both VBI and MD can affect the peripheral vestibular
system, leading to abnormalities in VHIT and cVEMP
examinations. Due to the similarity in symptoms and
vestibular test results, it can be challenging to differenti-
ate between these two conditions based solely on clinical
presentation and vestibular testing. Furthermore, future
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Combined central and peripheral demyelina-
tion (CCPD) is a rare disease entity. Onset
with the simultaneous central nervous
system (CNS) and peripheral nervous system
(PNS) involvement and its recurrence are
exceptional. Anti-neurofascin antibodies
have been shown to be present in up to 70%
of cases, yet seronegative patients also exist.
We present a case of seronegative recurrent
CCPD. The PNS involvement was compatible
with two episodes of recurrent Guillain-Barre
syndrome (GBS), whereas the CNS involve-
ment pattern was not typical for either mul-
tiple sclerosis (MS) or acute disseminated en-
cephalomyelitis. The prognosis was excellent
with pulse methylprednisolone, intravenous
immunoglobulin, and plasmapheresis. This
case highlights the varied clinical presenta-
tions of CCPD, extending beyond the realms
of MS and chronic inflammatory demyelinat-
ing polyneuropathy, and underscores the
potential for relapse. Importantly, to the

best of our knowledge, this represents the
inaugural instance of CCPD featuring PNS
involvement in the form of recurrent GBS.

Keywords: combined central and periph-
eral demyelination, seronegative, recurrent
Guillain-Barre syndrome

Visszatérd, egyidejii kozponti ideg-
rendszeri demyelinisatio periférias
demyelinisatiéval/nodopathiaval - egy
szeronegativ beteg esete

Inan B, MD; Bekircan-Kurt CE, MD, PhD-c;
Yildiz FG, MD, PhD; Gocmen R, MD; Temucin
CM, MD, PhD; Tuncer A, MD; Tan E, MD;
Erdem-Ozdamar S, MD

A kombinalt centralis és periférias demyeli-
nisatio (CCPD) ritka korkép. A kdzponti ideg-
rendszer (CNS) és a periférias idegrendszer
(PNS) egyidejl érintettségével jard beteg-
ségkezdet és kitjulas kivételes. Az esetek
70%-4aban kimutattak az antineurofascin an-
titestek jelenlétét, de |éteznek szeronegativ
betegek is. Bemutatunk egy szeronegativ
recidivalé CCPD-esetet. A PNS érintettsége
Osszeegyeztethetd volt a visszatérd Guillain-
Barré-szindroma (GBS) két epizddjaval, mig
a CNS érintettségi mintazata nem volt jellem-
z8 sem a sclerosis multiplexre (SM), sem

az akut disszeminalt encephalomyelitisre.

A progndzis pulzalé metilprednizolon-, vala-
mint intravénas immunglobulin-kezelés és
plazmaferézis mellett kivald volt. Ez az eset
ravilagit a CCPD valtozatos klinikai megje-
lenésére, ami tUlmutat az SM és a krénikus
gyulladasos demyelinizalé polyneuropathia
terUletén, és hangsulyozza a relapszus lehe-
téségét. Tudomasunk szerint ez az elsé olyan
CCPD-s eset, ami visszatéré GBS formajaban
jelentkez& PNS-érintettséggel jar.

Kulcsszavak: kombinalt centralis és perifé-
rias demyelinisatio, szeronegativ, visszatérd
Guillain-Barré-szindréma
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Demyelinating disease usually affects either the cen-
tral or peripheral nervous system (CNS and PNS,
respectively) because their myelin content and antigenic
properties are different!. Therefore, combined central and
peripheral demyelination (CCPD) is considered an ex-
tremely rare condition!®. Motor weakness, sensory and
gait disturbances are common symptoms of CCPD"*.
The clinical course may be monophasic or relapsing-re-
mitting, and onset with simultaneous CNS and PNS man-
ifestations is seen in about 20% of cases'. In addition, the
traditional classification of neuropathies as demyelinat-
ing and axonal has been challenged with the introduc-
tion of nodo-paranodopathies®. Antibodies against nodo-
paranodal proteins, such as neurofascin 186 (NF186),
neurofascin 155 (NF155), contactin-1 (CNTN1), and
contactin-associated protein-1 (Casprl), have been de-
scribed®. Nodo-paranodopathies present distinct clinical
phenotypes, magnetic resonance imaging (MRI) charac-
teristics, and electrophysiological findings’. NF155 1gG4
antibody is the most common antibody in autoimmune
nodopathies. Characteristic findings include distal pre-
dominant motor weakness, tremors, cerebellar dysfunc-
tion, and autonomic disfunction. MRI studies may reveal
root, plexus, and cranial nerve hypertrophies, along with
contrast enhancement. Nerve conduction studies demon-
strate demyelinating features and reversible conduction
blocks. Denervation potentials and spontaneous activity
can be found on needle electromyography® °.

In this report, we present a patient with recurrent si-
multaneous central demyelination and possible periph-
eral demyelination / nodopathy.

Case report

An eighteen-year-old male was presented with progres-
sive weakness and respiratory compromise. He had
complaints for a week and was deteriorating. The motor
strength was bilaterally 2/5 proximally and 3/5 distally
in all extremities according to Medical Research Coun-
cil (MRC) scale. Sensory examination was normal, deep
tendon reflexes (DTR) were absent. His medical history
and blood workup were unremarkable, with no reported
infections or other precipitating factors. The cerebrospi-
nal fluid (CSF) protein level was high (288 mg/dl), IgG
index was normal, and oligoclonal band (OCB) was type-
4 positive. Distal motor latencies (DML) of right median,
ulnar, tibial, and peroneal nerves, and F-wave latencies of
right median and ulnar nerves were prolonged. F-waves
of right tibial and peroneal nerves could not be obtained.
Right median, tibial, and peroneal compound muscle ac-
tion potential (CMAP), median and ulnar sensory nerve
action potential (SNAP) amplitudes were decreased,
while right sural SNAP was spared. The median, tibial,
and peroneal motor, the median and ulnar sensory nerve

conduction velocities (NCV) were mildly slowed. There
was a severely reduced recruitment pattern in tibialis an-
terior (TA) muscle in needle electromyography (EMG).
The results were compatible with acute inflammatory
demyelinating polyneuropathy (AIDP). The patient was
intubated because of rapidly progressive respiratory in-
sufficiency on the day of hospital admission. Intravenous
immunoglobulin (IVIg) was initiated (0.4 g/kg/day). He
was extubated after IVIg treatment. However, he expe-
rienced sudden central visual loss in the left eye. Brain
and orbital MR images are presented in Figure 1A-G.
The cervical, and thoracic spinal MRIs were normal.
Visual evoked potentials showed no response in the left
eye, and normal P100 latency and amplitude in the right.
He completely recovered, and contrast enhancement of
demyelinating lesions decreased after five days of pulse
methylprednisolone (1000 mg/day) treatment.

Twelve years later, he presented with severe head-
ache, generalized weakness, and respiratory insufficien-
cy. There were no clinical relapses during 12-year yearly
neurological follow-ups. There was no history of infec-
tions or vaccinations. Bilateral shoulder abduction was
2, elbow flexion and extension were 3, hip flexion was 3,
and foot dorsiflexion was 4 according to the MRC motor
scale. DTRs were hypoactive. Vibration sensation was
diminished bilaterally in the toes. Left peripheral facial
paralysis and decreased gag reflex were also noted. The
NCS revealed mildly reduced SNAP amplitudes, and F-
wave latencies of right ulnar and median nerves were
close to upper limit. Again, right sural SNAP was spared.
Severely reduced recruitment patterns were observed in
the biceps brachii and first dorsal interosseous muscles
on needle EMG. CSF protein (305 mg/dl) and IgG index
(1, normal:0.30-0.85) were high, and OCB was type-4
positive. NF155, NF186 IgG antibodies, myelin oligo-
dendrocyte glycoprotein, and aquaporin-4 antibodies
were negative. Brain MR images are shown in Figure
1H-J. Cervical MRI was normal, and thoracolumbar
MRI revealed thickening and contrast enhancement of
the cauda equina nerve roots (Figure 1K). IVIg was ini-
tiated. Three days later the patient was intubated due to
carbon dioxide retention. He underwent seven sessions
of plasmapheresis. NCSs repeated on the tenth day of
admission revealed prolonged DMLs in right median,
tibial, and peroneal nerves, and prolonged F-wave laten-
cies in median and ulnar nerves. The F-waves of pero-
neal and tibial nerves were absent. The median, ulnar,
and peroneal CMAP amplitudes, and right sural SNAP
amplitudes were reduced. A probable conduction block
was observed in the right tibial nerve. All motor and sen-
sory NCVs were normal. Needle EMG revealed mild fi-
brillation potentials, positive sharp waves, and a reduced
recruitment pattern at the TA and vastus medialis (VM).
None of the NCSs of the patient met temporal disper-
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sion criteria: temporal dispersion in the
peroneal nerve increased from 3% to 19%
and from 3% to 28% in the tibial nerve
within ten days. However, with delayed
DMLs and CMAP duration prolongation
on second EMG, we classified the patient
as AIDP without conduction failure.

He was extubated after seven plasma-
pheresis sessions. Maintenance treatment
was planned as twice-weekly IVIg and
daily methylprednisolone (0.8 mg/kg/day).
Two months later motor strength was 4/5
in upper extremities bilaterally and 4/5 in
proximal and 5/5 in distal lower extremi-
ties according to the MRC scale. The CSF
protein was 87.21 mg/dl, IgG index was
normal, and OCB was negative. After six
months, the patient completely recovered,
maintenance treatment was stopped. Brain
MRI showed only sequela T2 hyperintense

lesions, and electrophysiological param-
eters significantly improved.

Discussion and conclusion

We presented a case of recurrent simultane-
ous CCPD. CCPD is a distinct disease en-
tity rather than a mere coincidence of spe-
cific demyelinating diseases' 2. Although
anti-neurofascin antibodies are present in
45.5 — 71.4% of patients with CCPD"?, se-
ronegative cases also exist® 1012,

Figure 1. Magnetic resonance imaging (MRI) of the patient in 2003
(A-G) and in 2015 (H-K). Axial (A, B) and coronal (C) T2-weighted
images show multiple juxtacortical T2-hyperintense inflammatory-
demyelinating lesions (arrows). The sagittal (D) and axial (E) post-
contrast T1-weighted images depict open-ring (short arrow) and solid
nodular (long arrow) contrast enhancement of the lesions. Orbit MRI (F,
G) reveals contrast enhancement (F, arrow) and T2-hyperintensity (G,
arrows) of the left optic nerve consistent with optic neuritis. Brain MRI
performed during the second attack shows new juxtacortical T2-lesions
(H, I; arrows), and contrast enhancement in T1-weighted (J) images.
Post-contrast sagittal T1-weighted image reveals cauda equina nerve
root contrast enhancement (K, arrow)

There are few reports of patients with si-

multaneous Guillain-Barre syndrome (GBS)

and acute disseminated encephalomyelitis (ADEM). The
reported patients are from the pediatric population and
generally have poor outcome®. In our case, especially
in the second episode, one might consider distinguish-
ing between nodopathy and AIDP without conduction
failure. In the second EMG of the second episode, dis-
tal motor latencies in the median, tibial, and peroneal
nerves, and F-wave latencies of the median and ulnar
nerves were prolonged. The F-waves of the peroneal and
tibial nerves were absent. The median, ulnar, and pero-
neal CMAP amplitudes and right sural nerve SNAP am-
plitudes were reduced. However, NCVs were still within
the normal range for all nerves. Temporal dispersion may
also aid in distinguishing conduction failure in demyeli-
nating neuropathy from conduction failure in nodopa-
thies®. In our patient, none of the NCSs met the temporal
dispersion criteria. It has been shown that nodopathies
have a favorable prognosis, axonal degeneration does not
develop, and nodal and motor functions rapidly recover'.
However, motor recovery of our patient took approxi-

mately six months. Therefore, considering the delayed
distal motor latencies and CMAP duration prolongation
on the second EMG, lack of conduction blocks, long re-
covery time, and the absence of well-known antibodies
related to nodopathies, we classified the patient as hav-
ing AIDP without conduction failure. Moreover, the CNS
involvement pattern was not typical for either multiple
sclerosis (MS) or ADEM. The prognosis was favorable,
unlike in pediatric cases*. We diagnosed the patient with
recurrent GBS rather than CIDP because of acute onset,
facial nerve involvement, severe autonomic instability,
and respiratory failure requiring mechanical ventilation.
Besides, electrophysiological testing was almost normal
between the two attacks®®.

Simultaneous demyelination of the CNS and PNS is
rare, and recurrence of this phenomenon is even more ex-
ceptional'®; thus, our patient is unique in this respect. The
treatment response was excellent in both attacks similar
to former report'.

In conclusion, CCPD may manifest with clinical pres-
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entations different from those of MS and CIDP. Some
cases may be negative for anti-neurofascin antibodies. In
these instances, biobanks play a crucial role in advanc-
ing neuroimmunology research by providing a diverse
collection of biological samples from individuals with
neurological disorders. This enables the identification
of novel antibodies and biomarkers associated with neu-
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