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Background and purpose - The aim of the
current observational study was to examine
the level of adherence of Hungarian patients
suffering from depression, using iFightDep-
ression® (iFD®) guided online self-help tool
with and without an extra weekly phone call
support as well as identifying the predictors
of adherence. Our hypotheses were: the
additional weekly phone-calls would increase
the adherence with the online self-help tool;
furthermore, symptoms of depression will
significantly decrease in the weekly phone
support group.

Methods - During the 6 weeks of iFD®
intervention, patients were divided into two
groups: the first, alongside of the treatment
as usual (TAU) and iFD®, received a 20-minu-
tes weekly phone call support while the
other group partook in only the TAU+IFD®
intervention. Measures: number of complet-
ed modules and Patient Health Question-
naire-9. The study included 102 participants
with diagnosis of depression (70% female,
mean age: 36.9 [SD = 11.40] ys).

Results - Participants completed on average
4.8 (SD = 1.73) out of 6 modules. The inter-
vention group with additional phone support
completed more modules than the group

of no additional phone calls (Z=-5.416, p <
0.001, rank Cohen's d = -1.267). Participants
with higher level of education completed
more modules than those with lower level of
education (Z=-2.198, p = 0.028, rank Cohen'’s
d =-0.444). Baseline depressive symptoms
correlated negatively with the number of
completed modules (rS =-0.22, p = 0.028).
Depressive symptoms were significantly re-

Adherencia az iFightDepression®online
dénsegité programban - Pilot-vizsgalat
Varga A; Czeglédi E, PhD; Erdélyi K, MD, PhD;
Gyombér Sz, MD; Szeifert N; Toth D, MD, PhD;
Purebl Gy, MD, PhD

Hattér és cél - Tanulmanyunk célja

az iFightDepression® (iFD®) online

Onsegité programban az adherencia
mértékének vizsgalata heti kiegészitd tele-
fonos segitséggel és a nélkul, valamint az
adherencia prediktorainak beazonositasa.
Hipotéziseink: a kiegészité heti telefo-

nos segitség noveli az online Onsegitd
beavatkozassal vald adherenciat, valamint a
heti telefontamogatasban részesuld csoport
depresszios tUnetei az intervencio hatasara
szignifikansan csokkennek.

Médszerek - A hat hétig tart¢ iFightDep-
ression® intervencio eldtt a pacienseket két
csoportra osztottuk: az egyik a hagyomanyos
(TAU) kezelés és az iFD® mellett heti 20
perces kiegészitd telefonos tamogatasban
részesult, a masik csak TAU és iFD® beavat-
kozast kapott. Mér8eszkozok: az elvégzett
modulok szama és Patient Health Ques-
tionnaire-9. A mintat 102 paciens alkotta
(70% nd, atlagéletkor: 36,9 [SD = 11,40] év).
Eredmények - A résztvevék a program 6
moduljabdl atlagosan 4,8 (SD = 1,73) modult
végeztek el. A kiegészitd telefonos segitség-
ben részesuld csoport szignifikansan tobb
modult teljesitett (Z = 5,416, p <0,001, rang
Cohen-d = -1.267). A magasabb iskolai vég-
zettséggel rendelkezd8k szignifikansan tobb
modult végeztek el, mint az alacsonyabb
iskolai végzettségliek (Z=-2,198, p = 0,028,
rang Cohen-d = -0.444). A kiindulaskor mért
depresszios tunetek sulyossaga negativan
korrelalt az elvégzett modulok szamaval
(Spearman rho =-0,22, p = 0,028). A két me-
rési pont kozott a depressziv tinetek szigni-
fikdnsan csokkentek (az ismétlés féhatésa:



222 Varga: Adherence to the iFightDepression® online tool

duced between the two measurement

points (main effect of time: (F(1) =179.173,

p <0.001, partial n? = 0.642), the improvement
was significantly larger in the iFD® + phone
support group (time x group interaction: K1) =
6.492, p = 0.012, partial n? = 0.061).
Conclusion - Weekly phone support in-
creased treatment adherence. Negative cor-
relation of symptom severity with adherence
suggests that iFD® can be more effective in
mild or moderate forms of depression. With
regards to sociodemographic variables, only
the level of education showed significant
correlation with adherence. Our results sup-
port applicability of the iFD® intervention in
various kinds of sociodemographic groups.

F(1)=179,173, p <0,001, parcialis n? = 0,642),
a tlnetek javulasa szignifikansan nagyobb
mértéky volt az iFD® + telefonos csoportban,
(ismétlés x csoport interakcidja: F(1) = 6,492,
p =0,012, parcialis n? = 0,061).
Kovetkeztetés - A heti kiegészitd telefonos
segitség novelte a beavatkozashoz kapcso-
|6d6 adherenciat. A depresszios tlnetek
sulyossaga és az adherencia kdzotti nega-
tiv korrelacio azt sugallja, hogy az iFight-
Depression® enyhe vagy k6zepesen sulyos
depresszio esetén hatékony. A szocio-
demografiai valtozok kdzal egyedul az iskolai
végzettség mutatott szignifikdns 6ssze-
flggést az elvégzett modulok szamaval.
Eredményeink alatdmasztjak az iFD® inter-

Keywords: depression, internet-based
intervention, cognitive behavioral therapy,

iFightDepression®, adherence

epressive disorders are recognized as one of the

most widespread lifetime difficulties and unipolar
depression is identified as a leading cause of disease bur-
den'-2. These findings justify the importance of reducing
depressive symptoms by implementing cost-effective
interventions. Despite the fact, that cognitive behavior
therapy (CBT) is an effective treatment for depression®*,
mental health care resources are scarce and cannot satisfy
the need for face-to-face psychotherapeutic treatments> °.

The term ‘low-intensity psychological interventions’
(LIPI) has been used since the beginning of this century
and it means that the mental health professional’s time
is used in a cost-effective way’. In other words, it is a
way of increasing access to effective treatments for ev-
ery sector of society. LIPI can be a self-help book, large
group education classes, advice clinics and recently the
most popular are the internet-based psychotherapeutic
interventions®.

As an evidence-based psychological intervention, cog-
nitive behavior therapy (CBT) is currently one of the most
dominant and effective models in the world of psycho-
therapies. It consists of techniques that help people think
in more functional and helpful way about themselves,
the world and other people. This then helps to amelio-
rate symptoms of anxiety and depression. The internet
enables prevention and early intervention programs to be
offered on a massive scale®. Thus, an increasing number
of internet-based cognitive behavioral therapies (iCBT)

vencio valtozatos csoportokban tortéend
alkalmazhatosagat.

Kulcsszavak: depresszio, internetalapu
intervencio, kognitiv viselkedésterapia,
iFightDepression®, adherencia

is to improve access to psychological treatments, reduce
waiting lists, speed up clinical recovery and bridge the
paucity of specialists in small towns* '°. Moreover, guid-
ed web-based self-help interventions are cost-effective
and timesaving for mental health care systems'! !> ¥ and
numerous studies have shown the iCBT to be effective in
decreasing symptoms of depression as well* 4. Accord-
ing to Krebs and Duncan®, depression-related digital
applications are one of the most downloaded contents by
the public.

Nevertheless, high drop-out rate is a common limita-
tion of online self-help interventions. In clinical studies
drop-out varies between 57 to 74% or higher'®'” depend-
ing on the technology, offered value, resources and type
of human support. In the comparison of drop-out rates
of different psychological treatments, no difference has
been found between face-to-face and web-based inter-
ventions'®. Previous research has found that the drop-out
risk from iCBT is significantly correlated with gender,
level of education and age. Increased drop-out risk in-
cluded male, younger age, and lower educational level®.

Treatment adherence, defined as the amount of a ther-
apeutic intervention that an individual engages with or
completes'® ?°, has clear clinical implications, for ex-
ample, high adherence predicts symptom reduction®! 22,
However, adherence is dependent on a number of factors.

With regards to gender, females were found to have
significantly higher engagement with online self-help in-
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terventions compared to males® ?*. Lower level of edu-
cation might negatively influence the adherence to iCBT,
as understanding the content of interventions can be trou-
blesome!* 2. It appears that younger individuals exhib-
ited a higher adherence to web-based treatment®, while
some other studies showed that younger age was related
to low treatment adherence'® .

Facilitating appropriate adherence may be essential
for increasing the effectiveness of web-based interven-
tion programs. Results of systematic reviews showed that
in web-based self-help treatments extra support spurs
higher adherence than no guidance at all** ?. Several
findings also suggest that additional forms of guidance
or support via phone or email increase the level of adhe-
rence® . Offering web-based treatment to patients with
the most benefits come with the necessity of identifying
the predictors of treatment adherence and the causes of a
relatively high dropout rate.

This study aimed to investigate predictors of adhe-
rence to iFightDepression®, a computerized guided self-
help CBT tool for depression. Furthermore, our goal was
to compare adherence in the web-based intervention with
and without a weekly phone call as additional support.
We hypothesised that in the group receiving phone sup-
port, the level of adherence would be higher compared
to the group not receiving additional weekly phone calls.
Our second hypothesis was that depressive symptoms
will ameliorate more in the group receiving phone calls
compared to the group without such extra support.

Method
Study design

In this observational study the iFightDepression® (iFD®)
online self-help tool was assessed in terms of adher-
ence. The tool was used by Hungarian patients suffering
from mild or moderate forms of depression. The trial is
preregistered with ClinicalTrials.gov (NCT04363086).
The study protocol was approved by the Regional Re-
search and Ethics Committee at Semmelweis University
Budapest — TUKEB (registration number: SE TUKEB
5/2017).

Participants and procedure

Participants were recruited via face-to-face contact from
mental healthcare facilities by trained general practi-
tioners and mental health professionals (psychiatrists,
clinical psychologists, psychotherapists) across Hungary.
Participants were also informed about the study in writ-
ten form.

Prior to recommending the iFD® tool to their patients,
professionals took part in a 3-hour training including
information about the epidemiology, symptoms and

screening methods of depression as well as the use of the
tool. The training introduced the core modules of the tool
and trained the participating professionals to guide their
patients through the iFD® tool. They were also trained in
basics of CBT, and introduced to the technique of cog-
nitive restructuring. For the eligibility of participating
in the study, trained health care professionals clinically
assessed patients with depression based on the diagnostic
system of ICD-10%".

The inclusion criteria for participating in the study for
patients were: 1) meeting the requirement of the ICD-
10 Classification of Mental and Behavioural Diseases
indicating minimum to mild depression; 2) having had
a mild, moderate or mildly severe depressive episode
for at least in the past 6 months; 3) >4 scores on the
Patient Health Questionnaire-9; 4) aged between 18 to
65; 5) having none of the following severe psychiatric
disorders based on the clinical assessment of the mental
health professional: bipolar disorder, obsessive-compul-
sive disorder, schizophrenia, alcohol or drug addiction,
acute suicidal tendencies; 6) internet access at home.
Before entering the study, all participants were provided
with informed consent forms and information about the
aims of the study, the benefits and risks of participation,
and the study procedure. Neither the professionals nor
the patients received any financial compensation for par-
ticipating in the study.

Participants were assigned to one of the two following
groups: 1) iFD® or 2) iFD® + weekly phone calls aiming
to support the use of the self-help tool. Phone calls were
provided by a clinical psychologist certified in CBT; calls
lasted 15-20 minutes. Since iFD® is a complementary
tool to a regular psychological or psychiatric treatment,
all patients included in the study were participating in an
ongoing treatment as usual (TAU). Treatment as usual
was either a pharmacological treatment, a psychothera-
peutic treatment, or both. Participants were required to
complete 1 module per week to finish the online self-help
tool in 68 weeks. The assessment was conducted before
(Time 1: week 0) and after the iFD® intervention (Time
2: week 6-8).

Due to the lack of funding and their busy schedule,
finally only 12 professionals participated in our project,
who recruited a total of 163 participants. Of the poten-
tial subjects, 46 individuals (12 men and 34 women)
who did not undertake participation in the iFD® pro-
gram were excluded. Additional 10 individuals (4 men
and 6 women) who did not receive treatment for their
depression at the beginning of the study were exclud-
ed as well. A woman who was treated with an uncon-
ventional treatment (art therapy) for her depression at
baseline was also excluded. Furthermore, we excluded
a man who lacked some data in the PHQ-9 in both mea-
surements, and 6 subjects (6 women) with a PHQ-9 val-
ue of up to 4 points at baseline.
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The final sample consisted of 102 participants (31
male and 71 female). The mean age was 36.9 years (SD
= 11.40 years, range: 18—63 years). Based on clinical as-
sessment of the mental health care providers, 3% of par-
ticipants received a diagnosis of mild depression, 56.9%
moderate, and 6.9% severe depression. Although mental
health professionals were instructed to recommend the
iFD® online self-help tool for patients with mild to mod-
erately severe depression, some of them found the tool
to be useful for some patients with moderately severe
depression (n = 7), who were found to be motivated to
try anything to alleviate their symptoms, therefore, we
haven’t excluded them from the sample.

Patients were assigned in a non-randomized way in
a sequential manner to one of two intervention groups
mentioned above: 1) iFD® = 52 participants or 2) iFD®
+ Phone call support = 50 participants. Every second
participant was assigned to phone call support. The as-
signment was blind to the participants and health care
professionals as well. The characteristics of the sam-
ple are described in detail in Table 1. We found a sig-
nificant difference between the two groups in terms of
gender alone: there were a higher proportion of men in
the group with phone support than in the group without
phone support.

Intervention

The iFightDepression® (iFD®) online self-help tool is a
low-intensity psychological intervention created by the
European Alliance Against Depression (EAAD). It is a
free of charge guided program for people suffering from
mild forms of depression, based on CBT interventions.
The iFD® tool is designed to complement conventional
treatments like pharmaco- or psychotherapy. The guid-
ance is offered by a mental health professional or GP.
Currently, the iFD® program is available in 15 languages
worldwide. The tool is a 6-week program where 6 work-
shops are provided each for a week. It is designed to be
used on any device with web access. The modules in iFD®
are as follows: 1. Relationship Between Thinking, Feeling
and Behaviour; 2. Sleep and Depression; 3. Planning and
Doing Enjoyable Things; 4. Getting Things Done (Be-
havioural Activation); 5. Identifying Negative Thoughts;
6. Changing Negative Thoughts. Each module consists
of a short, written psychoeducational introduction to its
topic and worksheets that elaborate the subject in prac-
tice. The user is encouraged to complete the modules at
a rate of one per week, with an estimated 30-40 minutes
for each. Mental health professionals or GPs meet the
patient face-to-face maximum 3 times during the 6-week
iFD® intervention for 10—15 minutes in order to discuss
any questions patients might have regarding the modules
of the too*?. The iFD® program generates an automated
motivational e-mail if the patient does not sign in for two

weeks; in addition, it automatically records the number of
completed modules.

Supportive weekly phone calls were provided by a
clinical psychologist certified in CBT (first author). The
phone call support focused on guiding patients through
each module within the tool, discussing questions that
they had, and motivating them to work through the
homework assignments. Each phone call lasted about 20
minutes per week for each patient.

Measures

Sociodemographic and mental health data were collected
in paper and pencil before and after the iFD® intervention
by the health professionals who provided patients with
TAU.

Sociodemographic data: gender, age, level of educa-
tion and place of residence.

Mental health data: Prior to existing depression, other
mental health diagnoses were recorded (coded with “yes”
or “no” answers). Mental health professionals and GPs
were asked to record their clinical assessment of the pa-
tient’s level of depression. Possible responses were a) no
depression; b) mild depression; ¢) moderate depression;
d) severe depression.

Participants completed the Patient Health Question-
naire-9 (PHQ-9)%. The 9-item self-reported question-
naire is a multipurpose instrument for measuring the
severity of depression. It is the most commonly used
self-administered screening tool for measuring the sever-
ity of depression in primary care** 3. Items of the PHQ-9
represent symptoms of depression as defined by both the
DSM-IV and the DSM-5%. Respondents rate how often
they experienced each depression-related symptom in the
past two weeks on a four-point Likert scale (from “not
at all” (0) to “nearly every day” (3)). PHQ-9 scores of
5, 10, 15, and 20 represent respectively mild, moderate,
moderately severe, and severe depression. In the pres-
ent sample, the internal consistency of both pre and post
measurement points on the scale were acceptable (Cron-
bach’s alpha: 1% measure: 0.712; 2°¢ measure: 0.704).

Completed iFD® modules. In this study, adherence is
defined by the number of completed intervention mod-
ules. Out of six core iIFD® modules, the number of com-
pleted ones by each participant is registered automatical-
ly by the tool.

Statistical analysis

Two missing data on the PHQ-9 were replaced by the twin
(nearest neighbour) method. For estimating the internal
consistency of the PHQ-9, Cronbach’s alpha was used.

To compare the groups, independent samples #-test,
Mann—Whitney U-test, Kruskal-Wallis test, and Chi-
square tests were conducted. As effect size indicators, we
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Table 1. Characteristics of the sample

Variables Total sample iFD® iFD®+Phone  Group comparisons
(N=102) (N=52) (N=50)
Gender Male 31 11 20 xA(1)=4.280
(30.4%) (21.8%) (40.0%) p=0.039
Female 71 41 30 Cramers V=-0.205
(69.6%) (78.8%) (60.0%)
Age (years) M (SD) 36.9 359 379 Z=-0.814
(11.40) (11.14) (11.68) p=0416
rank Cohen's d = -0.161
Up to medium 50 29 21 xA1)=1.934
Education level (49.0%) (55.8%) (42.0%) p=0.164
High level (51.0%) (44.2%) (58.0%)
Place of residence Capital 51 25 26 x(1)=0.157
(50.0%) (48.1 %) (52.0%) p=0.692
Countryside 51 27 24 Cramer's V=-0.039
(50.0%) (51.9%) (48.0%)
Depression prior Yes 82 42 40 x4(1)=0.010
to the study (80.4%) (80.8%) (80.0%) p=0.922
(19,6%) (19.2%) (20.0%)
Other psychiatric Yes 56 30 26 x(1)=0334
diagnosis before (54.9%) (57.7%) (52.0%) p=0.564
(45,1%) (42.3%) (48.0%)
Current Mild 37 16 21 xA2)=2.199
depression (36.3%) (30.8%) (42.0%) p=0.333
Moderate 58 31 27 Cramers V=0.147
(56.9%) (59.6%) (54.0%)
Moderately- 7 5 2
Severe (6.9%) (9.6%) (4.0%)
PHQ-9 Time 1 13.6 14.3 12.9 7(100) = 1.475
M (SD) (4.58) (4.97) (4.15) p=0.143
Cohen's d =0.292
Current treatment of Pharmaco- 37 23 14 xA(2)=2923
depression therapy (36,3%) (44.2%) (28.0%) p=0.232
Psycho- 42 19 23 Cramér's V=
therapy (41.2%) (36.5%) (46.0%) 0.169
Both 23 10 13
(22.5%) (19,2%) (26,0%)
used Cohen’s d, rank Cohen’s 4, rank eta-square (7°) and Results

Cramér’s-V, respectively. Linear relationships were tes-
ted by Spearman’s rank correlation analysis. Change in
depression measured by the PHQ-9 was examined by a
two-way mixed ANOVA.

Data analysis was performed by SPSS 21.0 and ROP-
stat’, statistical program packages.

Predictors of adherence

As mentioned above, adherence has been operationalized
by the number of completed modules in the iFD® tool. The
mean of completed modules was 4.8 (SD=1.73, range: 1-06).
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number of completed modules and the socio-
demographic characteristics of the sample,
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Figure 1. Frequency of completed modules in the two intervention
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modules did not show significant relation- il
ship with either gender (Z=0.991, p = 0.322, 16 1
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completed significantly more modules (M § 5 4 6,
= 5.2, SD = 1.54) than those with up to sec- | =
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toms measured by the PHQ-9 questionnaire
at baseline and the number of modules
completed (r, = -0.22, p = 0.028).

The type of current treatment of depres-
sion (i.e., pharmacotherapy, psychotherapy,
or both) also did not show a significant association with
the number of modules completed (H(2) = 0.002, p =
0.999, rank #° = 0.000).

Changes in symptoms of depression

According to the results of the two-way mixed ANOVA,
there is a significant reduction in depressive symptoms
between the two measurement points (main effect of
time: (F(1)=179.173, p <0.001, partial #° = 0.642). For
members of the telephone support group, the improve-
ment was significantly greater than for those not receiv-
ing phone calls (main effect of group: (1) =10.812, p =
0.001, partial > = 0.098; time x group interaction: F(1)=
6.492, p = 0.012, partial #° = 0.061) (Figure 2).

Discussion

The aims of the present study were to examine predictors
of adherence to an internet-based, self-help CBT tool for
depression and to test whether the additional phone sup-

Figure 2. Changes in symptoms of depression in the two measure-
ment points

Note: Error bars represent the 95% confidence interval of means.

port substantially increased engagement with the tool and
resulted in improved outcomes. The iFD® tool is intended
to complement the available approaches for clinicians re-
garding the management and treatment of depression as an
adjunct therapy offered to patients*. However, the iFD® tool
is also intended to be used as a single resource for an indi-
vidual when access to psychological treatment is restricted;
for example, to reduce wait times for face-to-face psycho-
therapy, or when patients receive pharmacotherapy only.
The main finding of this study is that adherence was
much higher (88%) if a mental health professional provid-
ed a weekly 15-20-minute phone call during the 6-week
intervention. Treatment adherence in the group without the
weekly phone calls, on the other hand, was only 38.5%.
Additionally, depressive symptoms significantly de-
creased in both groups, however, in the group with phone
support, the improvement of symptoms was significantly
higher. This data is in line with results of previous stud-
ies where participants receiving additional weekly support
along an iCBT showed higher symptom improvement®”-3%.
With regards to the severity of depressive symptoms,
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our results show a weak negative relationship between
depressive symptoms measured by the PHQ-9 question-
naire at baseline and the number of completed modules
(r,=-0.22, p = 0.028).

With regards to sociodemographic factors, we found
that only the level of education had a significant correla-
tion with treatment adherence. Contrary to several pre-
vious studies®: 3% our results do not exhibit a significant
correlation between adherence on the one hand, and age
and gender on the other. Place of residence didn’t cor-
relate with adherence either. These findings suggest that
the iFD® program could be beneficial for a relatively wide
variety of patient groups.

The results of our study suggest that a weekly phone
call may boost the effect of an online self-help tool for de-
pression. According to the clinician providing the phone
calls, patients needed more help in clarifying the 5" and
6™ modules related to identifying and restructuring cog-
nitive distortions. It might mean that each module may
require a different amount of professional support. Al-
though this would mean more engagement of profession-
als, it seems that the “multi-channeled” (personal, phone
call, internet-based) support for patients is beneficial
and may help to cope with symptoms better. Research
shows that support by nurses, research coordinators,
and administrative staff might be as effective as support
provided by a mental health professional'® *. However,
the question remains whether upgraded, possibly more
interactive, iCBT material would compensate for a week-
ly need for professional support. Theoretically, there are
various methods for upgrade, most of which are already
employed in e-mental health. Incorporated videos* for
example, serious games that explain the patterns of de-
pressive thinking and give behavioral clues to overcome
it on a skills development gaming basis. These features
may better correspond with the users’ needs and therefore
could be a competent surrogate for professional help.

Strenghts and limitations

The strength of this study is the contribution to the grow-
ing body of evidence-based research of the worldwide
implemented iFightDepression® guided online self-help
tool. It also contributes to distinguishing the role of ad-
herence to effectiveness of online self-help tools. The im-
portance of online therapy methods has been increased
during the Covid-19 pandemic.

With respect to study limitations: first of all, the sam-
pling method limits the generalizability of our findings.
Secondly, due to the small sample size, the statistical
power could be low. In addition, we did not have a way to
use multivariate statistical analyzes that allow the control
of potential background variables. Thirdly, in this study,
details and effects of treatment as usual — with special in-
terest in which drug has been used for which symptoms —

were not analysed, although it might have had an impact
on overall symptom-reduction as well. Further investiga-
tion should focus on comparing adherence to iCBT vs.
pharmacotherapy in the set of depression symptoms. A
fourth limitation of this study is that no randomization
was used. Although in this naturalistic, real-life setting in
mental health care facilities and GP offices it is more dif-
ficult to randomize samples, future research should focus
on randomization process as well. The fifth limitation of
this study was that improvement was not examined in a
follow-up. A future study should have a 3- and 6-month
follow-up with patients from both intervention groups.

Conclusions

The findings of our observational, prospective study re-
vealed that patients, using the iFightDepression® guided
online self-help tool with additional weekly phone sup-
port had a higher adherence compared to patients receiv-
ing the usual iFD® protocol without weekly phone calls.
With extra phone support delivered by a trained CBT
therapist, the effects of iCBT were significantly stronger
in reducing depressive symptoms. Although our study
had several limitations, we can still draw four important
conclusions.

Firstly, despite the fact that it is time limited to 15-20
minutes and delivered via telephone, it demonstrates the
power of interactive professional support. Secondly, it
demonstrates that on a good intervention foundation (such
as iIFD®) a minimal, yet well-established, professional in-
tervention (phone call) can boost adherence and efficacy.
Future studies are needed to investigate whether a well-
trained CBT professional is required to conduct phone
calls or a less trained assistant, or nurse can be as effective
in supporting patients. Furthermore, the cost-effectiveness
of the intervention needs to be evaluated. Thirdly, socio-
demographic variables, such as gender, age, and place of
residence (rural vs. capital city) had no predictive value
in defining adherence rate. Guided iCBT with extra phone
support appears to increase the effectiveness of the online
self-help tool and mental health facilities, GPs and patients
may benefit from its use. And finally, our study demon-
strates that TAU can be boosted effectively with addition-
al “non-in-person” measures in the everyday practice of
treating individuals with depression. There are several
unmet needs considering the conventional treatment of de-
pression’ 44! therefore, all effective additional interven-
tions (especially those that are accessible and affordable)
are most welcomed by patients and professionals alike.
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Molnar Laszl6 professzor 1923-ban szUletett.
Egyetemi tanulmanyait Szegeden végezte,
klinikai munkajat Pécsett folytatta. Ideggyo-
gyasz, pszichiater és idegsebész szakképesi-
tést szerzett. EI6bb Németorszagban tanul-
manyozta az agyi vérkeringés szabalyozasat
allatkisérletekben, majd Parizsban dolgozott
Osztondijasként, Seylaz professzorral. A
Sorbonne-on doktordlt. Kandidatusi disszer-
taciojat 1966-ban, az MTA doktora cimet
1977-ben szerezte meg. 1969 és 1992 kozott
a Debreceni Egyetem Neurolégiai Klinikajat
vezette, ahol a fokalis ischaemia kovetkez-
ményeit tanulmanyozta allatkisérletekben.
Debrecenben megalapitotta - Eurépaban
masodikként - a stroke-betegek ellatasara
specializalddott Cerebrovascularis Osztalyt.
Munkatarsai kozul tizenegyen lettek osztaly-
vezetd féorvosok, négyen egyetemi tanarok,
hatan szereztek PhD- és harman MTA dokto-
ri cimet. 1999-ben halt meg.

Kulcsszavak: agyi vérkeringés-szabalyozas,
fokalis ischaemia, stroke

In memoriam Laszlé Molnar: statue
unveiling at the University of Debrecen
Csiba L, MD, PhD, MSc

Professor Laszl6 Molnar was born in 1923.
He completed his university studies in Sze-
ged and continued his clinical work in Pécs.
He qualified as a neurologist, psychiatrist
and neurosurgeon. He first studied the
regulation of cerebral blood circulation in
animal experiments in Germany, and then
worked in Paris as a fellow with Professor
Seylaz. He obtained his doctorate at the
Sorbonne. He obtained his Candidate’s
thesis in 1966 and his Doctorate in 1977.
Between 1969 and 1992 he was Head of the
Neurological Clinic of the University of Deb-
recen, where he studied the consequences
of focal ischemia in animal experiments. In
Debrecen he founded the Cerebrovascular
Department, the second in Europe to
specialize in the care of stroke patients.
Eleven of his staff became senior physicians,
four became university professors, and six
received PhDs and three MTA doctorates. He
died in 1999.

Keywords: cerebral blood flow regulation,
focal ischemia, stroke

Molnér professzor ur julius 3-an lenne 100 esztendds
— ez alkalombol avattuk szobrat Debrecenben
(1. abra). 76 év adatott neki.

Aki elemészti magat a munkaban, elég, mint a gyertya.
Aki két végén égeti a gyertyat, az hamarabb kihuny, de
amig ég, nagyobb fényt ad.

A Szegedi Egyetemen szerzett diplomat, kitiintetéssel,
de élete jelentds részét kedvenc varosaban, Pécsett tol-
totte, a Kornyei-iskoldban. Kornyei nemcsak szakmailag,
hanem emberileg is nagy hatést gyakorolt ra.

Az 1950-es évek végén mar Németorszagban latjuk,
majd Parizsban, az Elettani Intézetben, ahol Seylaz pro-
fesszorral egyiitt az agyi keringés neuroldgiai szabalyo-
zasat tanulmanyozza, allatkisérletekben.

Ma is kevesen mondhatjak el magukrol, hogy dokto-
ri fokozatukat a Sorbonne-on szerezték. Molnar Laszlo
francidul irt munkajat a Magyar Tudomanyos Akadémia
néhany év mulva nivodijjal jutalmazta.

Aztan egyenes ut vezetett a kandidatusi, majd az
MTA doktori disszertaciohoz. Rovid braziliai tartdz-
kodas utan 1969-ben Debrecenbe keriilt, ahol megala-
pitotta Eurdpa masodik Cerebrovascularis Osztalyat.
Felismerte, hogy a stroke a 21. szdzad egyik aggasztod
betegsége lesz, ami a leggyakrabban vezet rokkantsag-
hoz. 1969 és 1992 kozott a Neurologiai Klinikat vezette,
amit az orszag vezetd stroke-intézményévé fejlesztett.
Igazgatoi periodusa alatt jelent meg a neurologia forra-
dalmat jelenté CT, és kezdddtek a stroke-kal kapcsola-
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1. abra. Molndr LdszI6 professzor szobrdnak avatdsa
a Debreceni Egyetemen

tos nemzetkozi vizsgalatok, melyekhez az els6k kozott
kapcsolodott.

Molnar professzor ur szivén viselte az utanpodtlast.
Szamos kolléga utazott rovidebb, hosszabb tanulmany-
utra Németorszagba, Amerikaba. Tizenegy féorvosi ki-
nevezés, hat PhD és harom MTA doktori disszertacid
sziiletett igazgatdi periddusa soran.

Az allatkisérletek szamara kifejlesztett fokalis agyi
ischaemia modelljét a legnevesebb stroke-ujsag tette
kozzé. A moddszernek az volt az elénye, hogy nemcsak
az ischaemia, hanem a recirkulaci6 kovetkezményeit
is tanulmanyozni lehetett. Az allat a. cerebri medidjaba
16tt eziistgolyot felesége raerdsitett hajszalaval lehetett
kihtizni a carotison keresztiil. Ez a megoldas illusztralja
legjobban Molnar professzor érdeklédését az uj, a szelle-
mes megoldasok felé. Ugyanilyen érdekes megkozelités
volt a gliilkézanyagcsere €s a kozponti idegrendszer irre-
verzibilis karosodasat vizsgalé tanulmany, mely soran a
liquor valtozasait prae €s post mortem is elemezték. Az
allatkisérletek alltak legkdzelebb a szivéhez. Mutassanak
valakit ezen az egyetemen — vagy ebben az orszagban —,
aki 75 évesen, sajat kezével vénazza a kisérleti allatot, és
irja a jegyzokonyvet. Idézet: ,,1998. julius 30. nyolcszaz-
Otvenharmadik allatkisérlet. Altatas 0.5 g uretan, 50 mg
chloralose. 15 6ra 50 perc: embolizalas”. Tomorség, sal-

langmentes irdsmod — ez volt ra jellemzd. A kisérlet nem
hobbi, hanem szenvedély. A pécsi allatkisérletek néha
hajnalig tartottak, masnapi normalis munkamenettel, ami
igaz, néha a kisérletes célszemély, a nytl elfogyasztasa
utan kezdodott.

Es a sivar tények mogétt milyen volt maga az ember?
A szikar férfi életét teljesen kitoltotte a munka. A kisér-
letekben, a kozleményekben pontossagra, grammatikai
tisztasagra torekedett. R4 is érvényes a buffoni mondas:
a stilus maga az ember. De barmikor, otthon is, zavarni
lehetett egy rossz allapotu beteg miatt. Ez a magéval ¢és
massal is szigoru ember a viziteken nagyon kedves volt
a betegekkel.

Noha a vénas vérrogoldas vagy a mechanikus throm-
bectomia még ismeretlen volt akkor, minden uj diag-
nosztikus modszerre €s terapiara nyitott volt, tdmogatta
bevezetésiiket.

A neurologia alapja a neuroanatémia. Nem lehet mel-
Iébeszélni, a hallgatok szdmdara mumus ez a tantargy.
Molnar professzor magasra emelte a lécet, sokan féltek
tdle, pedig a vizsgan csak azokra a kérdésekre fokuszalt,
amelyek igazan lényegesek. Ez a mondas jarta: az ana-
tomia donti el, hogy valakibdl lesz-e orvos, hogy mikor,
azt a neurologia.

De a szigoru, 6ramiipontossaggal érkezd, tdvozd és
maximalis intenzitassal dolgozd professzor fesztele-
nil is tudott viselkedni. Szivesen beszélgetett a vizitek
utan a napi tdrsadalmi eseményekrol, és nem emlékszem
olyan esetre, hogy a konferencian az asztalanal ilo fia-
tal munkatarsak fogyasztasat ne ¢ fizette volna. Szeret-
te a komolyzenét. Egyszer, amikor beléptem a szobaja-
ba, valamelyik 18. szdzadi klasszikus ment a hattérben.
,»A bukaresti radiot hallgasd, fiam, vasarnap reggel kii-
l6nosen jo, klasszikus valogatast sugaroznak. A komoly-
zene nem nacionalista!”, mondta mosolyogva.

En kiilénosen halasan gondolok ra. Nemcsak azért,
mert mindig tdmogatott, és nélkiile nem jutottam volna a
Max-Planck Intézetbe, hanem azért is, mert életem egyik
legnehezebb periddusaban, amikor majdnem Osszeros-
kadtam a tragédidk sulya alatt, behivott a szobajaba, és
csak ennyit mondott: ,,Tudod, dolgozni kell. Hidd el,
ez a legjobb gyogyszer... atsegit a nehéz periodusokon.”
50 év tavlatabol is koszonom.

Spartai életet élt, de szivesen vezetett autoét, legtobb-
szOr nagyon gyorsan. Manapsag, amikor a Gutenberg-ga-
laxis mar halvanyul, megszivlelend6 az életstilusa: bar-
milyen késon keriilt haza, olvasas nélkiil soha nem tért
nyugovoéra. Kedvenc konyve James Joyce Ulyssese volt.
Megmondom 0szintén, nem volt még elég lelkierdm,
hogy elolvassam ezt az alapkonyvet.

Azt mondjak, minden sikeres férfi hata mogott ott all
egy nd. Egy édesanya vagy egy feleség. Molnar Laszld
professzor mogott Maria néni allt, aki csendben, feltiinés
nélkdl, sajat diplomdjat félretéve olyan milidt biztositott,
hogy férje csak a munkéjanak élhetett. Ezt olyan onfelal-
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dozassal tette, hogy professzor urnak, mint 6 maga mon-
dotta, fogalma se volt arr6l, mennyibe keriil egy liter tej
vagy 1 kg kenyér.

Ezek az anyak, feleségek a mindennapok szentjei. Aki-
ket még felnott fiaik is naponta hivnak gonddal-bajjal, ta-
nacskéréssel. A nap fénypontja, amikor este 8-kor asztalnal
iil a csalad. Nem McDonald’s meg FoodPanda, hanem id6
¢és energia feldldozésa az egytittlétért. Amikor megoldodik
a nyelv és megoldodnak a mindennapok gondjai. Alkalom
a szeretetkdzosségre. Barmilyen tehetséges gyerekek szii-
lettek ebben a csaladba, Maria néni onfelaldozo szeretete
nélkiil nem lettek volna azok, akik lettek.

Edesapamat is kitiintetésekkel halmoztak el évtizedes,
¢éjt-nappalla tevo korzeti orvosi munkajaért. Utcat nevez-
tek el rola. Amikor arrdl beszéltem csaladi korben, hogy
az igazi életaldozatot nem a mindenki altal megbecsiilt
apank, hanem anyank hozta, aki lemondott a karrierrdl,
az egyik rokonom megjegyezte: hiszen édesanyad nem
csinalt semmi nagy dolgot. Nagy dolgot nem. De kis dol-
gok millioit nap mint nap. Elismerés, plakett és kitiintetés
nélkiil. Otthon, a konyha csendjében.

Par szaz méterre egy masik szobor is all a klinikate-
lepen, Santha Kéalmané. Mindkett6t meghurcoltak, po-
litikai okok miatt. Az okokat még felidézni is tragiko-
mikus. Santhat azért szamiizték az egyetemrdl, mert az
50-es években kritizalta a kotelezd katonai szolgélatot
és a tilhajszolt sztahanovista munkat. Allasaval fizetett,
szamiizték egy vidéki korhazba, belehalt a kesertiségbe.
Evtizedekkel kés6bb Molnar professzor ellen is vizsgala-
tot inditott a kommunista part helyi vezetdsége. A vad az
volt, nem demokratikus a 1égkor a Neurologiai Klinikan.
Az a rendszer vadolta, amelyr6l mindent el lehetett mon-
dani, csak azt nem, hogy demokratikus. Valgjaban nem
ez volt a hattérben, de ez mar nem lényeges. Akik a vizs-
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galatot inditottak, azok is a debreceni temetdben pihen-
nek. Meghurcoltdk Molnar professzort, de a munkatarsai
kialltak mellette, ezért nem kellett allasaval fizetnie. Lel-
kileg megviselte, egészségét alaasta a procediira. Nem
volt mar a régi. Aztan az a betegség gytrte le, amelynek
gyogyitasan egész ¢életében faradozott.

Mi az az Orokség, amit rank hagyott? Az emberhez
méltd munka szinte vallasos tisztelete. Ha szereted, amit
csinalsz, és nem pénzért teszed, akkor a munka kikoto,
menekiilési utvonal, gyogyir, nem lehet benne csalodni,
mint az emberek nagy tobbségében. Istenhite, partonki-
viilisége pedig azzal a tanulsdggal szolgal, hogy ne le-
gylink semmilyen politikai szél bolondjai, legyen stabil
értékrendiink, amelyhez, ha néha meg is botlunk, de hii-
ségesek maradunk. Ez nem egyszeri dontés, hanem fo-
lyamatos tjrakezdés. Es mit {izen még? A szakbarbarsag
a mai orvostarsadalom rakfenéje. Nem kell mindenkinek
reneszansz embernek lennie, de az értelmiségre az legyen
jellemzd, hogy szakmajan kiviili értéket is 6riz és miivel:
olvas, zenél, fest, és érdeklddik a vilag dolgai, 6sszefiig-
gései irant. Nem bolondja a pénznek és divatnak, nem
masoktdl megesocsalt és szajba ragott frazisokat ismé-
telget, hanem a gyokerekhez, a tiszta forrdshoz nyul, és
azok megismerésével alakitja életét, értékrendjét. Molnar
professzor ilyen ember volt.

A Szent Pal-i gondolattal és a reformatus zsoltarral
fejezem be:

Ama nemes harcot megharcoltam, futdsomat elvégez-
tem, a hitet megtartottam.

Tovises sziik uton a mennybe fel,

Véndorl6 gyermeked bizton jut majd el.

Repes6 szarnyakon, felh6kon at,

A csillagok o1é, fel, Uram, hozzad.

Kozelebb, kozelebb hozzad, Istenem!
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Hattér és cél - Az MRI First! projekt keretén
beltl 2020. januar 1-jétdl ictalis neuroldgiai
goctlnettel jelentkezd betegek esetében el-
s8dleges modalitasként MRI-vizsgalatot vég-
zUnk. Célunk a klinikai ttineteket magyarazo
eltérések kimutatasa, a tovabbi potencialis
kezeléshez minél pontosabb adatok kozlése
a parenchyma éallapotardl, a perfuzids és
vascularis viszonyokrol.

Médszerek - A vizsgalatokat 1,5 Tesla
Philips Ingenia MR-készuléken végeztiik.
Vizsgalati protokollként a koponyardl axialis
FLAIR, DWI és ADC, T2 FFE /SWI, kontraszt-
anyagos perflzios sorozat, valamint a nyaki
és intracranialis erekrdl bolus 3D MRA-
szekvenciak készultek. 2020. januar és 2021.
majus kozott 6sszesen 415 stroke vagy TIA

iranydiagnozissal referalt beteget vizsgaltunk.

Kozuluk 179 beteg 4,5 ¢ran bellli, 136 beteg
4,5 ¢éran tdli, 100 beteg ébredési tinetkez-
dettel kerUlt felvételre.

Eredmények - A 4,5 6ran beldli csoportban
81 betegnél igazolddott friss ischaemias
laesio, és 48 beteg részesilt reperfuzios ke-
zelésben. Az ébredési stroke csoportban 64
betegnél taldltunk akut ischaemiat, kdzuluk
10 beteg részestlt reperfuzios kezelés-

ben. 4,5 éran tul 64 betegnél igazolddott
friss ischaemia, k6zUlUk 12 betegnél indult
reperflzids kezelés. Osszesen 117 betegnél

The importance of MR imaging in the
diagnosis and management of acute
stroke

Magyar M, MD, PhD; Téth A, MD; Nyilas NC,
MD; Bir¢ I, MD; Rudas G, MD, PhD; Mau-
rovich Horvat P, MD, PhD; Bereczki D, MD,
PhD, DSc; Barsi P, MD, PhD

Background and purpose - In our collabo-
rative project, called MRI First!, every patient
arriving with neurological symptoms of acute
stroke and without contraindications was
examined by MRI. Our aim was to detect the
symptomatic lesions, to obtain appropriate
information about the brain parenchyma
and to analyse parenchymal perfusion and
brain vasculature.

Methods - The examinations were conduc-
ted on a Philips Ingenia 1.5 Tesla scanner
with the following protocol: DWI-ADC, FLAIR,
T2 FFE/SWI, PWI, and contrast-enhanced
MRA. 415 patients were examined between
January 2020 and May 2021. 179 patients
arrived within-, and 136 patients after 4.5
hours symptoms onset time, while 100 pa-
tients had “wake-up” stroke.

Results - Within the 4.5 hours group, 81
cases had acute ischemic lesion, 48 of them
received reperfusion therapy. Acute ische-
mic lesion was found in 64 patients in the
wake-up stroke group and in 64 in the 4.5-24
hours group. In these groups 10 and 12 pa-
tients obtained reperfusion therapy, respec-
tively. Further 117 cases were considered as
stroke mimics, in which cases unnecessary
intravenous thrombolysis was avoidable.
Conclusion - MRl is accepted as a sensi-
tive diagnostic modality providing detailed
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igazolddott alternativ diagndzis, stroke-ot
utanzo allapot, aminek ismeretében a feles-
leges rtPA-kezelés elkertlhetd volt.
Koévetkeztetés - Az irodalomban ismert
és elfogadott, hogy az MR-vizsgalat pontos
és nagy mennyiség( informaciot szolgal-
tat az agyi folyamatokrdl. Ennek ellenére
vilagszerte csak néhany centrum foglalkozik
akut stroke MR-rel. Munkankat azzal a céllal
végezzik, hogy adatot szerezzunk arrdl, mely
betegcsoportoknak leghasznosabb az akut
MR-diagnosztika.

Kulcsszavak: MR, MR-diffuzi¢, MR-
perfuzio, MR-angiografia, thrombolysis,

information regarding the brain parenchyma,
its perfusion and vasculature. Nonetheless,
its worldwide utilization in acute stroke is low
and further information should be collected
on which patient groups would gain the
most benefit from acute MR imaging. Our
continuous work is aimed at that goal.

Keywords: MR, MR diffusion, MR perfusion,
MR angiography, thrombolysis, thrombectomy,

thrombectomia, stroke

urdpaban, igy hazankban is a stroke magas morbi-
ditassal és mortalitassal jar6, hosszl tavon az elsé
szamu rokkantsagot okozo6 népbetegség, ami kiemelkedd
népegészségiigyi, valamint gazdasagi problémat jelent'.
A stroke klinikai tiineteinek hatterében az esetek egy
részében ugynevezett stroke-ot utanzé korallapot (stroke
mimic) all, ami az agymikddés olyan, nem vascularis
alapon bekdvetkezé funkcidzavara, amely akut neuro-
logiai deficittel jar, és akut stroke képét utanozza. Iro-
dalmi adatok alapjan az akut stroke-nak referalt esetek
22-27%-a valdjaban ezen allapotnak felel meg?. Stroke-ot
utanzo6 allapot oka lehet kdzponti idegrendszeri tumor
(leggyakrabban glioma, meningeoma, valamint hypo-
physisadenoma), talyog, auras migrén, epilepszia, de
akar metabolikus, hipertenziv, infektiv vagy toxikus en-
cephalopathia is®. A stroke-tol valo elkiilonitésben segit-
het a célzott anamnézisfelvétel, a fokuszalt neuroldgiai,
valamint agyi képalkotd vizsgalat, melyekkel csokkent-
hetjiik az ezen esetekben terapias célpont nélkiili intravé-
nas (iv.) thrombolysisek (IVT) szamat. Fontos azonban
megjegyezni, hogy tekintettel az ischaemias stroke ese-
tében végzett IVT szlik id6ablakara, a pontos diagndzis
felallitasa érdekében sem késleltethetjiik tul hosszadal-
mas vizsgalatokkal a terdpia megkezdését, klinikai ta-
pasztalatok alapjan ugyanis a stroke-ot utanzo allapotok-
ban ,.feleslegesen” elvégzett beavatkozas nem jar stlyos
kovetkezményekkel®.

Képalkoté diagnosztika

A fejlett képalkoto technikaknak kdszonhetéen ma mar
kiilonbséget tudunk tenni az irreverzibilisen karosodott
agyi teriilet (infarktusmag), valamint a tiinetképzd, de
agyteriilet (penumbra) kozott. Ezen tal el tudjuk kiiloni-
teni a stroke-ot utanzé korképeket a valodi ischaemids

stroke

stroke-esetektdl. Ezen informacidk birtokaban nagyobb
biztonsaggal lehet kivalasztani a reperfizids terapiara
alkalmas betegeket®.

A képalkoto eljarasok kozil a két legfontosabb mo-
dalitds a komputertomografia (computed tomography
— CT) és a magneses rezonancias képalkotds (magnetic
resonance imaging — MRI). A legtobb intézményben az
elsédlegesen valasztott képalkotd eljaras a CT, aminek
oka, hogy a berendezés széles korben, gyakorlatilag a
nap 24 6rajaban hozzaférhetd, a vizsgalat gyorsan elvé-
gezhetd, igy kiemelt jelentdségli olyan kérallapotokban,
amelyeknél az id6 kritikus tényezd, mint példaul akut
stroke esetében.

A nativ koponya-CT, az iv. kontrasztanyagos CT an-
giografidas (CTA), valamint iv. kontrasztanyagos CT
perfuziés (CTP) vizsgalatokkal a perfuzids deficit, az
infarktusmag, €s nem utolsésorban az erek allapota, a
lehetséges nagyér-elzarédas (LVO) megitélhetd. Ezek
az informaciok lényegesek bizonytalan iddablak esetén,
valamint az endovascularis kezelés indikacidjanak fel-
allitasaban® 7. Hazankban annak ellenére, hogy a tobb-
szeletes CT-berendezések szama jelentds mértékben no-
vekedett az utobbi években, a legtobb intézményben a
CTP-vizsgalat jelenleg még nem szamit rutin eljarasnak.

Az elsédlegesen valasztott modalitds az akut stroke
diagnosztikdjaban jelenleg a nativ koponya-CT és a CTA
(az aortaivtdl a vertexig), amit els6sorban a vizsgalati idé
gyorsasaga, a modalitas széles kdrben vald elérhetdsége,
valamint a vérzés kimutatdsaban valé magas szenzitivi-
tasa magyaraz®. Nemzetkozi szinten is egyre gyakrabban
targyalt téma az MRI beillesztése a stroke-diagnosz-
tikaba; ebben az esetben is elsddleges feladat a vérzés
kizardsa, valamint az ischaemids etiologia megero-
sitése. A vérzést szuszceptibilitdssulyozott (susceptibi-
lity-weighted imaging, SWI), valamint T2*-sulyozott
gradiens echo- (GRE) szekvencidval tudjuk kizérni.
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A CT-vizsgalattal ellentétben az SWI-
szekvencian a mikrovérzések is azonositha-
tok, amik egy bizonyos szam felett az IVT
relativ kontraindikacidjanak szamithatnak®.
Hiperakut stroke esetén (<6 6ra) a DWI-
(diffusion-weighted imaging) szekvencia
szenzitivitasa €s specificitasa lényegesen
magasabb az infarktusmag kimutatasdban
a nativ koponya-CT-vizsgalathoz képest'’.

Bizonytalan tiinetkezdet, valamint ébre-
dési stroke esetén a DWI-FLAIR- (fluid-
attenuation inversion recovery) kiillonbség
(mismatch) nyujthat segitséget a diag-
nosztikaban (1.A. 4bra). Amennyiben a ko-
ros diffuzidgatlast mutato teriilet a FLAIR-
mérésen még nem azonosithat6 a kdrnyezo
allomanynal magasabb jeladasu teriilet-
ként, ugy arra kovetkeztethetiink, hogy re-
lative friss, 4—6 oran belili akut stroke-kal
allunk szemben'.

A perfuziés MRI (perfusion-weighted
imaging, PWI) megnevezés tobb olyan
technikat fed le, amelyek segitségével
megitélhetjiik a vizsgalt szovet perfuzios
viszonyait. Az arterial spin labeling (ASL),
a dynamic contrast enhanced (DCE) és
a dynamic susceptibility contrast (DSC)
technikék koziil jelenleg a stroke-diagnosz-
tikaban az utdbbi a legelterjedtebben hasz-
nalt perfuziés MR-technika, ami kevésbé
iddigényes, a mérés kivitelezése 1-2 percet
vesz igénybe. Kevés hatranya kozé tartozik,
hogy a fenti perfiizids paraméterek abszolut
értékei helyett relativ értékek szamolhatok,
az értékelés erdsen felhasznalofiiggd, vala-
mint hogy a vér bomléastermékei, a kalcifi-
kacio, a fém, a csont jelentds miitermékeket
okozhat, nehezitve a kiértékelést'?.

A DSC-technika soran az iv. beadott
gadoliniumtartalmu kontrasztanyagnak a
T2*-méréseken jelcsokkenést okozo hata-
sat hasznaljuk ki, és a segitségével jelinten-
zitds-valtozas-idé gorbét készitiink. E gor-
be alapjan szamoljuk ki az agyszdvet per-
fuziés viszonyait, az adott agytérfogaton

1. &bra. A: Bal oldalon DWI-, jobb oldalon FLAIR-mérés lathato. A
DWI-mérésen az akut ischaemids laesio koros diffuziogatidst mutato
teruletként azonosithaté a bal ACM varhaté ellatdsi tertletének
megfeleléen (piros nyillal jeldlve), ami még a FLAIR-mérésen nem
dbrdzolodik magasabb jeladdssal, ezt nevezzik DWI/FLAIR mismatch
Jelenségnek. A FLAIR-mérésen a fehérdllomanyban elszortan kronikus
ischaemias laesiok mutatkoznak magasabb jeladassal (kék nyillal
Jeldlve). B: Bal oldalon DWI-, jobb oldalon PWI- (Delay - Tmax) mérés
lathato. A DWI-mérésen a bal féltekében belsohatdrzona-infarktusra
utalo koros diffuziogatlds (kék nyillal jelblve), a PWI-mérésen a bal ACM
ellatdsi teruletén kiterjedt perfuzios deficit azonosithato (piros nyillal
Jelolve), ezt a jelenséget DWI/PWI mismatch-nek nevezziink

SE-OKK-NRT sajat képanyag.

DWI: diffusion-weighted imaging, FLAIR: fluid attenuated inversion
recovery, PWI: perfusion-weighted imaging, ACM: arteria cerebri
media

idéegység alatt atdramlo vér mennyiségét (cerebral blood
volume, CBV), az adott agytérfogat szoveti véraramla-
sanak mértékét (cerebral blood flow, CBF), az adott vér-
mennyiség adott agytérfogaton val6 atdramlasanak idejét
(mean transit time, MTT), valamint az adott voxelben
a legnagyobb kontrasztanyag-koncentracié eléréséhez
sziikséges 1d6t (time to peak, TTP)". A dekonvolicioval
kiszamitott time-to-maximum- (Tmax—Delay) érték azt
az 1dot jelenti, ami a kontrasztanyag egy kivalasztott,
proximalis intracranialis nagyérben (artérids bemeneti

fiiggvény; arterial input function) és az agyallomanyban
valé megjelenése kozott telik el'.

A DWI-, valamint PWI-felvételek 6sszehasonlitasaval
tudjuk megkiilonboztetni az irreverzibilisen karosodott és
a még potencialisan megmenthetd, csokkent vérataramlast
mutatd agyteriileteket. A PWI-méréssel a korosan csok-
kent vérellatasu agytertiletet tudjuk abrazolni, ami az ese-
tek tobbségében nagyobb a DWI-felvételen latott infark-
tusmag-régional. A két felvételen latott eltérés kiilonbsége
a DWI-PWI kiilonbség (mismatch) (1.B. dbra), azaz a



236 Magyar: Az MR-képalkotas jelent8sége az akut stroke diagnosztikajaban és ellatasaban - Az MRI FIRST! Projekt

penumbra, a reperfizios terapiaval még megmenthetd
agyteriilet, amelynek ismeretében, megfelelé betegsze-
lekciot kovetden a reperfizids terapia idéablakat ki tud-
juk terjeszteni's7.

Terapias lehetéségek

A reperfuzids technikdk alkalmazasaval célunk az
ischaemias, de még nem infarceralodott agyi teriiletek
vérkeringésének mihamarabbi visszaallitdsa, hosszl ta-
von pedig a betegség okozta maradvanytiinetek, valamint
a mortalitas csokkentése. Két effektiv mod az IVT, vala-
mint a mechanikus thrombectomia (MT)®.

Jelenleg az egyetlen tamogatott szisztémas reperfizios
eljaras a rekombindns szoveti plazminogénaktivatorral
(rtPA) végzett IVT, aminek standard id6ablaka 4,5 6ra'®;
ezen idSintervallumon tul az intracerebralis vérzéses szo-
voédmény fokozott rizikdjaval kell szamolni. Mivel a be-
tegek csak koriilbelill 10%-a érkezik meg 4,5 oran beliil
stroke-ellatasra alkalmas intézménybe, az esetek legna-
gyobb részében IVT indikacidjara nem lenne lehetdség!’.
Az elmult években szamos kutatast végeztek annak érde-
kében, hogy a 4,5 6ras id6ablakot ki lehessen terjeszteni,
ennek koszonhetéen megfeleld betegszelekciot kdvetden
az IVT a tiinetek jelentkezését6l szamitott akar 9 oran
beliil megkezdhetd!” 2023,

Az 6sszes stroke-beteg 14—27%-anal ébredési vagy is-
meretlen tiinetkezdetii stroke-rol beszéliink — ezek a bete-
gek ez idaig elestek az IVT lehetdségétol': 24, azonban
a legujabb vizsgalatok alapjan a DWI/FLAIR mismatch
segithet a stroke idejének tisztazasaban, igy a terapia el-
biralasaban'’-'® 23, Ismerten 4,59 ora kozotti tinetkezde-
ti, valamint ébredési stroke esetén (alvasi k6zépidé nem
tobb, mint 9 6ra) a DWI/PWI mismatch segithet az IVT-
re alkalmas, abbdl valdszintileg profitald betegpopulacid
szelekciojaban'”.

Az sszes ischaemids stroke kortilbeliil 10%-a nagy-
ér-elzarodas miatt kovetkezik be?’. Ezen kritikus ese-
tekben az ér megnyitasara MT-vel van lehetdség. A
HERMES Collaboration kdzlemény tanusaga alapjan
az eliils6 Willis-kori adgak [az arteria cerebri anterior
(ACA) Al1-A2 szakasza, az ACM MI1-M2 szakasza,
arteria carotis interna] elzadrédasa esetén MT biztonsag-
gal 6 oran beliili idéablakban végezhet, amennyiben
CT-vel kiterjedt infarktust (ASPECT>6 vagy az infark-
tusmag mérete nem haladja meg a 70 ml-t) nem lehet ki-
mutatni*?*. Amennyiben IVT indikacidja is fennall, gy
mindkét beavatkozas elvégzendd, de az IVT nem hat-
raltathatja az MT megkezdését> 2. A legujabb vizsga-
latok az altalanos, 6 6ras id6éablak-koncepciot felvaltva
az egyéni iddablak-koncepciot hangsulyozzak, eszerint
a képalkoto vizsgalatokkal felallitott specidlis kritériu-
mok alapjan kivalasztott betegek a kés6i, 624 oras id6-
ablakban végzett MT-bol is profitalhatnak (DEFUSE-3,
DAWN vizsgalatok)'> 16,

Jelenleg is folynak kutatasok annak eldontésére, hogy
az MT-t6l milyen eredményeket varhatunk hatsé Willis-
kori (a. basilaris, a. vertebralis, a. cerebri posterior) in-
farktusok esetén, van-e szamottevo kiilonbség a konzer-
vativ terapiaval elért eredményekhez képest.

Modszerek

Az MRI First! prospektiv vizsgalat a Semmelweis Egye-
tem (SE) Orvosi Képalkoté Klinika, az SE Neurologiai
Klinika, az SE Siirgdsségi Orvostani Klinika, valamint
az Orszagos Mentalis, Ideggyogyaszati és Idegsebészeti
Intézet (OMIII, korabbi néven Orszagos Klinikai Ideg-
tudomanyi Intézet, OKITI) szoros egyiittmiikodésének
eredményeként valdsult meg. Vizsgalatunk keretében
célul tiztik ki, hogy a napkozben (a vizsgalat beveze-
t6 jellegére tekintettel, valamint a maximalis humén ¢és
technikai erdforrasok kihasznaldsa mellett hétkdznap
08:00 — 20:00, hétvégén 08:00 — 18:00) 24 oran belii-
li stroke iranydiagnozissal érkezd betegek elsddleges
képalkotd vizsgélata az eddigi CT/CTA helyett spe-
cidlis stroke-protokoll szerinti, diagnosztikus értékii
koponya-MRI legyen. Azokban az esetekben, amelyek-
ben a siirgdsségi osztalyon dolgozd orvos, valamint
neurolégus szakorvos kollégak az MR-vizsgélat egy-
értelmi kontraindikaciojat allapitottadk meg vagy meg-
latasuk szerint kooperacié hianyaban az MR-vizsgalat
nem lett volna elvégezhetd, CT/CTA-vizsgalatot, nem
diagnosztikus értékti MRI esetén kiegészité CT/CTA-
vizsgalatot készitettiink.

Ezzel az uj megkozelitéssel célunk volt a végsd diag-
nézis pontositasa; az arra alkalmas betegek részére mind
az IVT, mind a MT idéablakanak kiterjesztése; a terdpiara
alkalmas, ébredésistroke-tiinetekkel, valamint ismeretlen
tiinetkezdettel érkezd betegek kivalasztdsa; a stroke-ot
utanzo korallapotok felismerése.

A2020.01.01-2021. 05. 31. kozotti idoszakban dsz-
szesen n =415, 24 6ran beliili akut stroke iranydiagndzis-
sal referalt beteget vizsgaltunk. A vizsgalatba csak olyan
betegeket valogattunk be, akiknél diagnosztikus értékii
MRI késziilt.

A vizsgalatunk soran a betegekrdl a kovetkezo radio-
logiai és klinikai adatokat rogzitettiik: az infarktusmag
mérete (cm?); a hipoperfundalt teriilet, perfiziés deficit
mérete (cm?); a hipoperfundalt teriilet és az infarktusmag
mérete kozotti kiillonbség (penumbra) (cm?); nagyér-el-
zarddas megléte, valamint lokalizacidja; az elvégzett be-
avatkozas (IVT, MT); a végleges diagnozis (az SE Neu-
rologiai klinikan dolgozo és a beteget kezeld neurologus
szakorvosok zardjelentése alapjan).

A végleges diagnozisok alapjan a betegpopulacion
beliil két csoportot kiilonboztettink meg: A ,,DWI+”
vizsgalati populacidba azok a betegek, akiknél az MRI
a tiinetek hatterében ischaemids stroke-ot igazolt, mig a
»~DWI=" vizsgalati populacidba azok keriiltek, akiknél
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az MRI nem mutatott ki akut ischaemias
laesiora utal6 koros difftiziogatlast.

Az igy képzett két vizsgalati populaciot
a nemi aranyok, illetve az életkor szerinti

4,5 6ran bellli tinettan

1. tablazat. Vizsgdlati protokoll

4,5 6ran tuli tnettan, ébredési
stroke, ismeretlen tlinetkezdet, TIA

megoszlasok Osszevetésében hasznaltuk  DwI/ADC

fel, amit az Eredmények fejezetben muta-  FLAIR

tunk be részletesen. T2*-FFE
Az IVT-re, valamint az MT-re torténd, E\%‘IJS MRA

altalanos iddablak alapu betegkivalasztast
napjainkban egyre inkabb az egyéni, sze-

DWI/ADC
FLAIR

SWiI

bolus MRA
sagittalis T1
PWI

mélyre szabott idéablak-koncepcid valtja

Osszesen: 8 perc 14 méasodperc  Osszesen: 11 perc 59 mésodperc

fel, amit elsdsorban a specifikus képalkotd
vizsgélatokkal meghatarozott megmenthe-
t6 agyteriilet mérete hataroz meg' >, Az
ily médon torténd betegkivalasztas alappil-
lére a gyors €s hatékony képalkotas, amit
elére meghatarozott protokollok segithet-
nek. Ennek érdekében az MRI First! program keretében
kétféle vizsgalati protokollt dolgoztunk ki: egyet a 4,5
oran beliili tiinetkezdett, egyet pedig a 4,5 orédn tuali, €b-
redési, valamint ismeretlen tiinetkezdetii betegek részére.

DWI:

Vizsgalati protokoll

Az SE Orvosi Képalkot6 Klinika Philips Ingenia 1,5 T
MR-késziilékén az 1. tablazatban bemutatott vizsgalati
protokollokat dolgoztuk ki.

A jelenleg is érvényes, 2017-ben megjelent Magyar
Stroke®, valamint 2019-ben megjelent AHA/ASA Irany-
elvgyiljtemény'® lehetévé teszi, hogy CT/CTA vizsgalat
helyett MR/MRA vizsgalat késziiljon az arra alkalmas
betegek esetében. A jelenlegi infrastrukturalis feltételek
mellett csak korlatozott iddintervallumban tudtuk elvé-
gezni a stroke-protokoll szerinti MR-vizsgalatot, ami a
részt vevo betegek esetében ugyan magasabb diagnoszti-
kus szintli ellatast biztositott, azonban az MR-vizsgalati
kapacitason kiviil érkez6 betegek is a jelenleg elvarhatd
legjobb diagnosztikus protokoll (CT/CTA) szerinti kép-
alkotasban részesiiltek. Ezen okok miatt a jelen, beavat-
kozassal nem jard klinikai adatgytjtésiink eldtt kutatéas-
etikai eljarast nem végeztiink.

Fontos megemliteniink, hogy minden beteg esetében
a vesefunkcids paraméterekre is kiterjed6 laborvizsga-
lati mintavétel tortént a Siirgdsségi Osztalyon, ennek
kiértékelését azonban nem vartuk meg, a képalkotas és
a lehetséges terapia megkezdését nem késleltettiik (a je-
lenleg érvényes, 2017-es Magyar Stroke Iranyelvgytijte-
ménynek megfelelden az IVT megkezdéséhez a CT/MR
képanyag, a vércukorszint, valamint az INR értéke nél-
kiilozhetetlen, utdbbi kettd akar betegagy mellett is meg-
hatarozhat6®). Irodalomboél ismert tény, hogy a modern,
makrociklikus, gadoliniumalapi MR-kontrasztanyagok
alkalmazasa mellett, akut és késlekedést nem tird kor-
képek esetén ismeretlen vesefunkcios paraméterekkel is
tobb haszonnal jar a vizsgalat elvégzése, mint amekko-

diffézié sulyozott képalkotas, ADC: latszdlagos diffuzios
egyUtthatd, FLAIR: fluid-attenuated inversion recovery, SWI: szusz-
ceptibilitas sulyozott képalkotas, T2*-FFE (fast field echo), PWI: per-
fuzidsulyozott képalkotas, MRA: MR angiografia

ra kockazatot jelent az egyébként igen ritkan eléforduld
nefrogén szisztémas fibrosis megjelenése®.

Az alkalmazott szekvencidk célja: DWI: infarktus-
mag detektalasa, méretének meghatarozasa; FLAIR:
DWI-méréssel Osszevetve az ébredési, ismeretlen tiinet-
elbiralasaban nélkiilozhetetlen DWI/FLAIR mismatch de-
tektalasa, valamint a subarachnoidealis vérzés kizarasa'';
Hemosziderinérzékeny szekvenciak: (T2*-FFE (fast field
echo)), valamint SWI (susceptibility-weighted imaging))
az intracranialis vérzés, a CT-vizsgalattal nem detektalha-
to6 mikrovérzések és a superficialis haemosiderosis azo-
nositasara®- *'; iv. bolus kontrasztanyag beadast kovetd
MRA-mérés: az aortaivtdl a vertexig a nagy erek statusza-
nak pontos megitélésére; iv. kontrasztanyag-beadas utan
DSC technikaval perfuzios mérés (PWI): perfuzios deficit
kimutatasa, valamint annak az infarktusmaggal val6 6sz-
szevetése, ami nélkiilozhetetlen a kiterjesztett idéablaku
IVT, valamint MT elbiralasaban'"!"; a kontrasztanyagos
angiografia és a perfuzidos mérés kozotti, igy kontraszt-
anyagos sagittalis T1-mérés: az anatdomiai viszonyok és az
esetleges allomanyi vérzés koranak megitélése.

A vizsgalati protokoll 6sszeallitdsanal fontos szem-
pont volt, hogy minél révidebb, diagnosztikus értékii
protokollt dolgozzunk ki. A vizsgalatokat minden eset-
ben radioldgus rezidens, valamint neuroradiolégus szak-
orvos értékelte. A vizsgalat feldolgozasahoz, a perfuzios
képanyag rekonstrukciojahoz, a perfuziés deficit, az in-
farktusmag, valamint a két érték aranyanak kiszamitasa-
hoz Philips Intellispace Portal MR NeuroPerfusion szoft-
vert, a vizsgalati képanyag attekintéséhez AGFA IMPAX
6.5.2.657 programot hasznaltunk.

Egyes esetekben a vizsgalati protokoll (példaul a re-
perfuzios terdpiat kontraindikdld intracranialis vérzés,
térfoglald folyamat, vascularis malformécié) modosul-
hatott, a kérdéskortdl fiiggéen neurologus, valamint su-
pervisor neuroradioldégus szakorvossal torténd egyezte-
tést kovetden.
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2. tablazat. A betegpopuldcio életkor szerinti eloszlasa a teljes és a ,DWI+”, valamint a stroke-ot utdnzo kdrképek és

a ,DWI+" csoportok kézott

Teljes DWI+ Stroke-ot utanz6  DWI+
(n=415) (n=203) korképek (n=203)
(n=117)
Median életkor 66 év 68 év 60 év 68 év
(minimum-maximum, IQR) (18-96 éy, (31-96 év, (18-89 éyv, (31-96 éy,
IQR: 55-77) IQR: 61-78) IQR: 45-72) IQR: 61-78)
Mean rank 297,50 334,03 130,25 177,93
Mann-Whitney U 4710,50 15414.50
Sig. (2-sided test) p=0,017 p < 0,007

IQR: interquartile range

Statisztikai analizis

3. tablazat. A nemi eloszlds 6sszehasonlitdsa a ,DWI+" illetve ,DWI-"

csoport kozott
Az adatok értékeléséhez SPSS 21.0 prog- )
ramot hasznéltunk. Shapiro—Wilk-teszt (p DWI+ DWI- Osszes sor
< 0,05), valamint a ferdeség- és csucsos-  Férfi 111 83 194
sagértékek alapjan a mintank nem normal N 92 129 221
elos.zlé.st rputatott, ezért nem’ parametrikus Osszes oszlop 203 210 Teljes: 415
statisztikai teszteket hasznaltunk. A le-
ir6 statisztikai adatok folytonos valtozéi (x* 10,05, p =0,002)

medidn ¢és interquartilis range (IQR), a
kategorikus valtozok elemszam és sza-
zalék formajaban keriiltek feltiintetésre.
A folytonos valtozok Osszehasonlitiasara
Mann—Whitney U-probat, mig a kategori-
kus valtozok Osszehasonlitasara y>-probat

4. tablazat. A nd- és férfi betegek életkori eloszldsdnak 6sszehasonli-
tdsa a ,DWI+" csoporton belil

alkalmaztunk. Kétoldalas p < 0,05 értéket
tekintettiink szignifikansnak.

Eredmények

Osszesen 415, stroke irAnydiagnozissal re-

feralt beteget vontunk be, akiknél az elsdd-

N6 (n=92) Férfi (n=111)
Median életkor 74,5 év 65 év
(minimum-maximum, IQR) (31-96 éyv, (32-94 év,
IQR: 66-84) IQR: 59-73)
Mean rank 126,76 81,48
Mann-Whitney U 7383,50
Sig. (2-sided test) p < 0,001

legesen alkalmazott képalkotd vizsgalat a
tiinetkezdet ota eltelt id6 (id6ablak) alapjan
kivalasztott stroke-protokoll szerinti, diag-
nosztikus értékti koponya-MRI volt.

A door-to-image id0 (a stroke-centrumba érkezéstdl a
képalkotasig eltelt idd) median értéke 59 perc (IQR: 36—
97 perc) volt. A teljes vizsgalati populéaciot figyelembe
véve a betegek median életkora 66 év volt (legfiatalabb
18 éves, legiddsebb 96 éves, IQR: 55-77, 2. tablazat).
Az 6sszes esetszamon beliil a ,,DWI+” betegcsoportban
szignifikdnsan magasabb ¢életkori median értéket talal-
tunk (68 év, legfiatalabb 31 év, legiddsebb 96 év, IQR:
17, p = 0,017; 2. tablazat). Ez az adat jol korreldl a
szakirodalmi statisztikakkal, ami szerint az ischaemias
stroke elsGsorban az idGsebb korosztaly betegsége®. A
betegpopulacio életkor szerinti eloszlasat megvizsgaltuk
a stroke-ot utanzoé korallapot, valamint a ,,DWI+” cso-
portok esetén is (2. tablazat).

IQR: interquartile range

A bevont 415 beteg kdzott tobb volt a né (n = 221,
53,3%), a y*-proba alapjan a ,,DWI+” csoportban szig-
nifikansan t6bb volt a férfi, 6sszehasonlitva a ,,DWI-"
vizsgalati populacié nemi megoszlasaval (y*: 10,05, p
= 0,002; 3. tablazat) — ez a nemi megoszlas a korabbi
irodalmi adatokkal korrelal*>. Mann—Whitney U teszt
alapjan a ,,DWI+” csoporton belill a nék median élet-
kora szignifikansan (p < 0,001) magasabb volt a férfiak
median életkoranal (74,5 év vs. 65 év; 4. tablazat), ami
szintén megfelel a szakirodalmi adatoknak®*.

A minden esetben neurolégus szakorvos altal, a beteg
atvizsgalasa utan felallitott, végleges diagndzis alapjan a
415 bevont beteget 6t csoportba soroltuk be. Az dsszes
vizsgalt esetbdl 203 (48,9%) betegnél akut ischaemias
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stroke-ot igazolt az MRI (,DWI+”). A [ h
tobbi esetben nem lattunk akut ischaemiat Osszes beteg
igazold koéros diffuzidgatlast az MRI soran
(,DWI-"). Az MRI eredményei ¢s a késéb- (n=415)
bi klinikai atvizsgalas alapjan 117 (28,2%)
betegnél stroke-ot utdnzoé korallapotot alli- | - | |
tottak meg, ezenkiviil 42 esetben (10,1%) 4,5 6ran beliil Ebredési stroke 4.5 oran tal
TIA, 17 (4,1%) esetben pedig intracranialis (0=179) (n=100) (n=136)
vérzés allt a tiinetek hatterében. MR-
vizsgalattal 36 beteg esetében (8,7%) nem
talaltunk a tiineteket magyarazo eltérést, az [ B B b | | CsakIVT
etiologia tisztazatlan maradt, aminek hat- el Ll =)
terében az allt, hogy a beteget nem az SE Csak MT Csak MT Csak MT
Neuroldgiai Klinikajara vették fel, igy ko- | (n=5) | (n=4) | (n=6)
vetése megszakadt.

Fontos megemliteniink, hogy a TIA- — l\(’nT:\IA)T — I\E::;[T — I\;:\;IT
csoportba azon betegek keriiltek, akiknek
étmeneti’ még az MR_ViZSgélat el6tt muld — reperl;ltlezlir:'): ?(Ietzelés —— reper?ﬁ?ircl'):(l)({ctzelés — reperl;lﬁezll?(l'):il;zelés
fokalis neuroldgiai tiinetei voltak, és akut (n=131) (n=90) (n=124)

ischaemias stroke-ot igazolni nem tudtunk
(DWI-). Azon eseteket, amikor a betegnek
mulo fokalis neuroldgiai tiinetei voltak, ami
klinikailag ugyan TIA-nak volt tarthato, de
az MR-vizsgalat akut ischaemias stroke-ot
igazolt, minor stroke-nak tartottuk, és a ,,DWI+” cso-
portba soroltuk. Az érvényes iranyelvek alapjan az
utobbi betegcsoportban klinikai tlinetek hidnyaban
revascularisatios terdpia nem indikalhato® '¥, azonban
stroke-kockazatbecslés céljabdl klinikailag TIA-nak tar-
tott betegek esetében is érdemes MR-vizsgalatot végez-
ni, és a TTA/minor stroke diagnoézist ,,szovettani” alapon
felallitani®.

Kutatasunk sordn a diagndzis pontositasan tal célki-
tlizésiink volt a stroke-ot utanzo6 korallapotok felismeré-
se. Az Osszes betegbdl 117 esetében talaltunk alternativ
diagnozist, stroke-ot utanzd korképet, ami korreldl a
nemzetkozi irodalmi adatokkal®® . Ezen heterogén be-
tegségcsoportban a leggyakrabban (n = 17; 14,4%) elo-
forduld korkép a periférias vestibularis szindroma volt,
ezt masodik helyen (n = 14; 11,8%) az auras migrén ko-
vette. Ezeken a korképeken tul jelentds szamban talal-
koztunk epilepszias (n = 11; 9,3%), valamint toxikus (n =
11; 9,3%) eredettel. A gyakoribb korképek kozé tartozott
az intracranialis neoplasia (n = 8; 6,7%).

Alkalmazott terapia

A vizsgalt betegeket a tiinetek elsé jelentkezésétdl eltelt
id6 alapjan harom csoportba soroltuk: 1. 4,5 6ran beliili
tiinetkezdetli; 2. ébredési vagy ismeretlen tiinetkezdetti;
3. az ismerten 4,5 6ran tali tiinetkezdetli csoportokba.
A 4,5 6ran belill kezd6do, stroke-nak megfeleltethetd
neurologiai tiinettannal vizsgalt 179 beteg koziil 81 be-
tegnél igazolt az MRI akut ischaemiat. Minden esetben
neurologus szakorvosi elbiralast kovetéen Osszesen 43

2. dbra. Az alkalmazott terdpia
IVT: intravénas thrombolysis, MT: mechanikus thrombectomia

esetben lehetett IVT-t végezni, amelyek kozil 11 eset-
ben az IVT-t MT kovette. Ot betegnél csak MT-t lehetett
elvégezni, ezen betegek esetében IVT-re nem kertilt sor.

Az altalunk alkalmazott protokollok kialakitdsanak
egyik legfontosabb célja volt, hogy kivalaszthassuk a
terapiara alkalmas, ébredési stroke-kal/ismeretlen tii-
netkezdettel érkezé betegeket, valamint kiterjeszthes-
siik mind az IVT, mind az MT id6ablakat. Ahogy az a 2.
abran is lathato, 6sszesen 100 ébredési, valamint isme-
retlen tiinetkezdettel érkezd beteget vizsgaltunk, koztiik
64 esetben talaltunk akut ischaemids laesiot. Ezek koziil
négy esetben volt lehetdségiink csak IVT, négy esetben
csak MT, valamint két esetben a két reperfiizios terapia
egylittes alkalmazasara, tehat e betegcsoportban 6sszesen
10 betegnél lehetett terapiat indikalni.

Az 6sszesen 136, ismerten 4,5 oran tali stroke-tiinetta-
nu betegnél 64 esetben talaltunk akut ischaemias laesiot,
ezen betegek kozil 6t esetben csak IVT, hat esetben csak
MT, egy esetben pedig a két reperfuzids terapia egyiittes
alkalmazasara volt lehetdség, igy dsszesen 12 esetben le-
hetett MRI alapjan terapiat indikalni (2. abra).

Esetismertetések

Nyolcvanéves nébeteg jobb hemiplegiaval és
globalis afaziaval

Egy 80 éves, magasvérnyomas-betegség, valamint cu-
korbetegség miatt kezelt, otthonaban kordbban dnellato
nébeteget kétoras tiinetkezdetll, jobb hemiplegiaval ¢€s
globalis afaziaval jard ischaemids stroke miatt vizs-
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3. abra. Az els6 eset DWI-, PWI-, FLAIR-,
valamint kontroll-CT-képanyaga. A DWI-
mérés a bal ACM vdrhato elldtasi tertiletén
koros diffuziogatidst mutatd tertleteket
dbrazol (piros nyil). A PWI- (Delay-Tmax)
mérésen a bal ACM terliletén kiterjedt per-
fuzios deficit Idthato (piros keret). A FLAIR-
mérésen a koros diffuziégdtldst mutato
tertileteknek megfeleléen magasabb jel-
addsu terilet még nem azonosithatd. A
24 ¢dras kontroll-CT-vizsgdlat képanyaga
alapjan a kéros diffuzidgatldst mutatd te-
riileteknek megfeleléen azonosithato de-
markalddo hipodenzitds (kék nyil). SE-OKK-
NRT sajdt képanyag

DWI: diffusion-weighted imaging, ACM:
arteria cerebri media, PWI: perfusion-
weighted imaging, FLAIR: fluid attenu-
ated inversion recovery, CT: computed
tomography

galtunk (NIHSS felvételkor 21 pont).
Koponya-MR-vizsgalata soran a bal
ACM varhaté ellatasi teriiletének meg-
feleléen akut ischaemias laesiot azono-
sitottuk (infarktusmag 5 ml; 3. abra elso
sor), kiterjedt perfuzios deficittel (230 ml;
3. abra masodik sor). A FLAIR-mérésen
a koros diffizidgatlast mutato teriiletek még nem ab-
razolédnak magasabb jeladassal (3. dbra harmadik
sor). Az angiografids mérésen a bal ACM MI szaka-
szanak elzarodasat lehetett azonositani (4. abra). A
betegnél neuroldgus, valamint intervencids kollégakkal
egyeztetve IVT indult, amit sikeres, TICI2¢c osztalyza-
ta MT kovetett. Az MRI-t 24 o6raval kdvetd koponya-
CT-vizsgalaton az eredeti, koros diffuzidgatlast mutatod
tertileteknek megfeleld demarkalodo hipodenzitas volt
azonosithaté (3. abra negyedik sor). A beteg neurold-
giai tlinetei részlegesen regredialtak (NIHSS: 5 pont),
emittalasakor onellato volt.

Hetvenéves férfi bal latens hemiparesissel, bal
centralis facialis paresissel és dysarthriaval

A 70 éves, pitvarfibrillaciéo miatt (felvételekor szubte-
rapias tartomanyban) acenokumarollal kezelt férfit hét-
oras tiinetkezdetti, bal latens hemiparesis, bal centralis
facialis paresis, dysarthria miatt vizsgaltuk (felvételi
NIHSS: 18 pont). Koponya-MRI sordn a jobb ACM var-
hato ellatasi teriiletének megfeleléen akut ischaemias
laesidk abrazolddtak (6sszesen az infarktusmag 14 ml;
5. abra els6é sor), kiterjedt perfuzios deficittel (103
ml; 5. abra masodik sor). A FLAIR-mérésen a koros

4. abra. Az elsé eset MRI-angiogrdfids képanyaga. Intra-
vénds kontrasztanyag-bolus beaddsat kovetden készilt
MRI-angiogrdfias mérés, amin a bal ACM M1 szakaszd-
nak mentén kontrasztanyagtelGdés-kiesés, elzdrédds
lathatd (piros keret). A distalisabb ACM-dgrendszer a
kollaterdlisok fel6l tel6dik (piros nyil). SE-OKK-NRT sajat
képanyag

ACM: arteria cerebri media
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5. abra. A mdsodik eset DWI-, PWI-, FLAIR-, valamint
kontroll-CT-képanyaga. EIs6 sor: DWI-mérés a jobb ACM
vdrhatd elldtdsi teriletén latott kdros diffuziogdtiast
mutato tertiletekkel (piros nyfl). Masodik sor: PWI-mérés
(Delay-Tmax) a jobb ACM M2 dganak tertletén mutat-
kozo kiterjedt perfuzios deficittel (piros keret). Harmadik
sor: FLAIR-mérés, amellyel a kéros diffuziégatidst mutatd
terlileteknek megfeleléen mdr azonosithaté magasabb
Jjeladdsd tertilet (z61d nyifl). Negyedik sor: 24 dras kontroll-
CT-vizsgdlat képanyaga, amelyen a koros diffuziégdtidst
mutato terlleteknek megfelel6en demarkalodd hipoden-
Zitds azonosithatd (kék nyil)

SE-OKK-NRT sajat képanyag.

DWI: diffusion-weighted imaging, ACM: arteria cerebri
media, PWI: perfusion-weighted imaging, FLAIR: fluid
attenuated inversion recovery, CT: computer tomog-

raphy

diffuziogatlast mutatd teriiletek mar halvanyan maga-
sabb jeladassal abrazoloédtak (5. dbra harmadik sor).
Az angiografias mérésen a jobb ACM M2 szakaszanak
elzarodasat lehetett azonositani (6. abra). Neurolo-
gus, valamint intervenciés kollégakkal egyeztetve IVT
az id6ablakra tekintettel nem indult. A jelentés DWI/

PWI mismatch-re és a nagyér-elzdrodasra tekintettel
MT-t indikaltak, ami sikeres volt (TICI2c). Az MR-
vizsgalatot 24 o6raval kovetd koponya-CT-vizsgéalaton
az eredeti, kéros diffuzidgatlast mutaté teriiletek koziil
csak a jobb insularis corticalis-subcorticalis régidban
latott laesio mutatott demarkalodo hipodenzitast (5. ab-
ra negyedik sor). A beteg neurologiai tiinetei részlege-
sen regredialtak (NIHSS: 4 pont), emittalasakor onel-
lato volt.

Megbeszélés

A 2020. januar 1-jén elkezdett, prospektiv MRI First!
projekt célja a modern stroke-ellatas paradigmavaltasa,
a stroke képalkot6 diagnosztikajaban eddig alkalmazott
CT/CTA helyett tiinetkezdet-orientalt, specialis, diag-
nosztikus értéktit MR-stroke-protokollokkal. Projektiin-
ket megel6zéen CT/CTA alapt diagnosztikaval az IVT
idéablaka 4,5 o6ra, az MT id6ablaka tiinetképzé eliilsé
Willis-kori nagyér-elzarddas esetén 6 o6ra volt, a jelen-
leg is érvényes, 2017-es Stroke-iranyelvgyiijtemény
alapjan®. Azonban egyre tobb vizsgalat hangstlyoz-
ta az MRI szerepét a kiterjesztett iddablakkal végzett
IVT és MT elbiralasaban, valamint a stroke-ot utanzo
koérallapotok kizarasaban'>-'7. Célunk az volt, hogy az
altalunk a nemzetkozi irodalomban megjelent 0j irany-

6. abra. A mdsodik eset MRI-angiogrdfias képanyaga.
Intravénds kontrasztanyag-bolus beaddsdt kdvetSen
készilt MRI-angiogrdfids mérés, amelyen a jobb ACM
M2 szakaszanak mentén kontrasztanyagtelddés-kiesés,
elzarodas Idthatd (piros nyil)

SE-OKK-NRT sajat képanyag.
ACM: arteria cerebri media
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elvek, vizsgalatok alapjan kifejlesztett MRI-stroke-
protokollokkal kiszélesitsiik a reperfuzids terapia ido-
ablakat, valamint a kezelésre alkalmas betegek korét,
nem utolsésorban pedig stroke-ot utanzé korallapotok
esetén csokkenteni tudjuk a nem indokolt IVT-k és a
szovodmények szamat.

Feldolgozott adataink alapjan (2020. 01. 01 — 2021.
05. 31.) 415, stroke irdnydiagnozissal és 24 o6ran beliili
tiinetkezdettel érkezd beteget vizsgaltunk. Ezen beteg-
csoportot a tiinetkezdettdl eltelt idét figyelembe véve
tovabb bontottuk 4,5 oran beliili tiinetkezdettel, ébredé-
si/ismeretlen tiinetkezdettel, valamint ismerten 4,5 o6ran
tuli tiinetkezdettel érkezd betegcsoportokra. Neurologus
szakorvos indikacidjara az ébredési stroke/ismeretlen
tiinetkezdettel érkezd betegcsoportban az MRI alapjan
Osszesen 10 esetben, az ismerten 4,5 oran tali tiinetkez-
dettel érkez6 betegek kdzott Osszesen 12 esetben lehetett
reperfuzids terapiat indikalni.

Az MRI tovabbi eldnye, hogy kdnnyebbé teszi a
stroke-ot utanz6 korallapotok felismerését, és igy az
ezen esetekben indokolatlan IVT megeldzését (a stroke-
ot utanzo korallapot bizonyitasa minden esetben a beteg
részletes atvizsgalasahoz kotott, aminek az MRI fontos,
de nem egyetlen alapkdve).

Osszefoglalva, az MRI First! projekt eddig eredményei
alapjan elmondhat6, hogy az altalunk kidolgozott stroke-
MRI-protokollal pontos informéciot kapunk az infarktus-
mag ¢és a perfuzids deficit méretérdl és lokalizacigjarol; a
DWI/FLAIR-, valamint a DWI/PWI-kiilonbség ismerete
alapjan kiszélesithetjiik az IVT, valamint a MT iddéabla-
kat, igy a reperfuzids terapidra potencialisan alkalmas
betegek korét; detektalhatjuk a szimptémas intracranialis
vérzések kockazatat noveld allomanyi mikrovérzéseket;
konnyebben felismerhetjiik a stroke-ot utdnzoé korallapo-
tokat.

Tovabbi céljaink kozott szerepel, hogy a 24 6ras tii-
netkezdettel érkezd, stroke irdnydiagnozissal referalt
betegek részére az év minden napjan 24 6raban elérhetd
stroke-MR-ellatast tudjunk biztositani. Célunk tovabba
a kiterjesztett adatgytlijtés (demografiai, komorbiditasi
adatok, a tlinetkezdett6l az ellatd helyre érkezésig eltelt
id6, a beérkezéstdl a képalkotas kezdetéig tartd idd, a
képalkotas ideje, valamint a terapia megkezdéséig eltelt
id6, a betegek allapotanak szoros utankovetése 24 oOras
kontroll-NIHSS és 90 napos mRs-értékekkel), ami nél-
kiilozhetetlen egyrészt a mindségbiztositds, masrészt az
optimalis betegszelekcid meghatarozasa érdekében, a
reperfuzids terapiara alkalmas betegek korének kiszéle-
sitésében.

Vizsgalatunk tovabbi céljai kozé tartozik a stroke-to-
door (a tiinetek kezdetétdl a stroke-centrumba szallitasig
eltelt id6), a door-to-needle (a stroke-centrumba érkezés-
tél az IVT megkezdéséig eltelt id6), a door-to-puncture
(a stroke-centrumba érkezéstdl a MT megkezdéséig el-

telt id6) id6k prospektiv kovetése és rogzitése. Céljaink
koz¢é tartozik még a MT helyszinén esetlegesen elvégzett
kiegészitd vizsgalatok tényének és eredményének rogzi-
tése, a MT eredményességének regisztralasa.

Az MRI First! projekt soran regisztraltuk a stroke-
centruma érkezéstdl a képalkotésig eltelt id6t (median
59 perc, IQR 36-97 perc). Egy korabbi tanulmanyban,
megfeleld infrastrukturalis fejlesztéseket kovetden, a
stroke-centrumba érkezéstdl a képalkotasig eltelt ido ér-
tékét 54 percrol egészen 35 percre tudtak csokkenteni’®.
Projektiink céljai kozé tartozik a képalkotasig eltelt id6
roviditése, amivel hozzajarulhatunk az adekvat terapidig
eltelt id6 roviditéséhez is.

Limitaciok

A COVID-pandémia altal is befolyasolt human és tech-
nikai korlatok miatt az elmult idészakban nem lehetett az
év minden napjan 24 6ras MRI-ellatast biztositani a 24
oran beliili tiinetkezdetii stroke-betegek részére. Ezen ok-
nal fogva a fennmaradé idében a stroke irdnydiagnozis-
sal érkezd betegek hagyomanyos CT/CTA-vizsgalatban
részesiiltek a stroke-kivizsgalds részeként, ami vizsgala-
tunk alapjan és ismerve a stroke cirkadian varianciajat®,
valdsziniileg nem jelentds méretli, de mégis megemliten-
do szelekcids torzitast okoz.

Tovabbi limitacid, hogy a betegek kis része a jelen-
leg érvényes Tertileti Ellatasi Kotelezettség miatt nem a
Semmelweis Egyetem Neuroldgiai klinikéjan keriilt fel-
vételre és vizsgalatra, ezért a betegek szoros utankovetése
megszakadt, ami szintén torzithatja adatainkat.

Fontos megemliteni, hogy vizsgalatunkban nem re-
gisztraltuk az MT-végzés helyére érkezési idot, igy a
door-to-puncture id6t, tovabba a MT el6tt esetlegesen
elvégzett kiegészitd vizsgalatok tényét sem.

Adatbazisunk nem tartalmazza azon betegek adatait,
akik estében minden igyekezetiink ellenére sem sikeriilt
diagnosztikus értékit MR-vizsgalatot végeziink, ezért ki-
egészitd CT/CTA-vizsgalat volt sziikséges. Prospektiv
vizsgalatunk tovabbi részét képezi ezen adatok regiszt-
ralasa.

Kiemelten fontos célunk vizsgald kapacitasaink bovi-
tése, valamint a tarsszakmakkal val6d szorosabb egylitt-
miikddés kialakitasa, ezaltal a fenti torzitd tényezok mi-
nimalizalasa.

KOSZONETNYILVANITAS — K6szonetiinket szeretnénk ki-
fejezni az SE Orvosi Képalkoté Klinika, az SE Neu-
rolégiai Klinika, az SE Siirgdsségi Orvostani Klinika,
valamint az Orszdgos Mentalis, Ideggyogyaszati ¢€s
Idegsebészeti Intézet valamennyi munkatarsanak, akik
aldozatos munkéjan alapulva az MRI First! projekt
megvalosulhatott.
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Background and purpose - There is a
significant correlation between the upper
and lower cervical alignments associated
with a compensatory mechanism to maintain
horizontal gaze. Evaluating this correlation
before cervical fusion operations is essential,
particularly in the upper cervical region, to
prevent the occurrence of postoperative
malalignment. This study was designed to
investigate whether evaluating the interde-
pendency between the upper and lower cer-
vical alignments on neutral supine magnetic
resonance imaging (MRI) or supine MRI with
neck extension is possible.

Methods - This study included 36 male
and 30 female volunteers without symp-
toms aged between 16 and 60 years.
Cervical radiographic images and supine
cervical spinal MRl scans were obtained
twice on the neutral supine position and

on the supine position with pillows placed
at 5 cm high under the shoulder. Cervical
lordosis (CL) (C2-7 Cobb angle), CO-2 Cobb
angle, C2-7 sagittal vertical axis (C2-7SVA),
T1 slope (T1S), and T1 slope minus CL (T1S-
CL (C2S)) were measured from the imaging
sets from each patient, including X-ray
images and two MRI scans, and the main
values were obtained. The mean values of
the measurements from the radiographic
images were compared with those obtained
from MRI scans using Student's t-test. The
agreement between the parameters (C0-2
Cobb angle, CL Cobb angle, and T1S-CL)
obtained from the radiographic images and
MRI scans was evaluated using Pearson
correlation analysis.

Felsé és alsé cervicalis interdependencia
értékelése fekvo testhelyzetben késziilt
MR-képalkotason

Karabag H, MD; Iplikgioglu AC, MD

Hattér és cél - Jelentds dsszefliggés van

a fels@ és also cervicalis gerincszakasz
kiegyenesedése kozott, ami a horizontalis
tekintet fenntartasara iranyulé kompen-
zacios mechanizmushoz kapcsolodik. E
korrelacio értékelése a nyaki fuzids mitétek
eldtt alapvetd fontossagu a posztoperativ
rendellenességek eléfordulasanak megeld-
zése érdekében, kulonosen a felsd cervicalis
régidban. E tanulmany célja annak vizsgalata
volt, hogy a fels6 és alsé cervicalis tajolas
kozotti Osszeflgges értékelése lehetséges-e
neutralis, fekv® magnesesrezonancia-kép-
alkotas (MRI) vagy nyaknyujtassal kombinalt
fekvé MR-vizsgalat soran.

Médszerek - A vizsgalatban tinetmentes
onkéntesek vettek részt (36 férfi és 30 ng,
16 és 60 év kozotti életkor). Nyaki ront-
genfelvételeket és fekvd nyaki gerinc-MR-
vizsgalatokat végeztink kétszer neutralis
fekvé helyzetben és fekv helyzetben, a vall
ala helyezett 5 cm magas parnakkal. A nyaki
lordosist (CL) (C2-7 Cobb-sz6g), a C0-2
Cobb-szoget, a C2-7 sagittalis vertikalis ten-
gelyt (C2-7SVA), a T1 meredekség (T1S) és a
T1 meredekség minusz CL-értéket [T1S-CL
(C2S)] megmértuk mindegyik betegrdl készult
képalkotd sorozaton, beleértve a rontgenfel-
vételeket és a két MR-vizsgalatot, igy kaptuk
meg a f6 értékeket. A rontgenfelvételekbdl
szarmazo mérések atlagértékeit Student's
t-probaval hasonlitottuk 6ssze az MR-
vizsgalatokbdl kapott értékekkel. A rontgen-
felvételekbdl és az MR-vizsgalatokbdl kapott
paraméterek (CO-2 Cobb-szog, CL Cobb-szog
és T1S-CL) kozotti egyezést Pearson-féle
korrelacios elemzéssel értékeltuk.



246 Karabag: Upper and lower cervical interdependency on supine MRI

Results - Pearson correlation analysis
revealed significant correlations between
the CO-2 and C2-7 Cobb angles in standing
X-ray and neutral MRl values (r = -0.425 and
-0.397, respectively). In plain radiography
and MR studies, the T1 slope was correlated
with the C2-7 angle (r = 0.4824, 0.734, and
0.702, respectively). The C2 slope values
were also significantly correlated with the
C0-2 Cobb angle in standing X-ray and
neutral MRI'images (r = 0.5595 and 0.5719,
respectively). There were significant correla-
tions between the C2 slope and C2-7 Cobb
angles in all modalities (r = -0.5645, -0.7917,
and -0.8526).

Conclusion - Negative correlations between
the upper and lower cervical alignments are
also present in supine MRI studies, conse-
quently in the supine position, with statistical
significance. The C2 slope is an important
cervical spine parameter that is significantly
correlated with both the CO-2 and CL Cobb
angles. The C2 slope can be used to evaluate
the interdependency of the upper and lower
cervical alignments.

Keywords: supine, magnetic

resonance imaging, standing,
interdependency of the upper and lower
spine

Eredmények - A Pearson-féle korrelacios
elemzés szignifikans korrelaciot mutatott az
allo rontgenfelvételeken és a neutralis MR-
vizsgalaton mért értékek — a C0-2 és C2-7
Cobb-szogek - kozott (r =-0,425, -0,397,
illetve -0,397). A sima rontgen- és MR-
vizsgalatokban a T1 meredekség korrelalt

a C2-7 szdggel (r = 0,4824; 0,734, illetve
0,702). Szintén szignifikansan korrelaltak az
allé rontgen- és neutralis MR-felvételeken a
C2 meredekség értékei a CO-2 Cobb-szoggel
(r=0,5595és0,5719). A C2 meredekség és a
C2-7 Cobb-szdgek kozott minden modalitas-
ban szignifikans korrelacio volt (r = -0,5645;
-0,7917 és -0,8526).

Kovetkeztetés - A felsd és az also cervicalis
gerinckiegyenesedeés kozotti statisztikailag
szignifikans negativ korrelaciok a fekvé MR-
vizsgalatban, kdvetkezésképpen a haton fek-
V0 helyzetben is jelen vannak. A C2 meredek-
ség fontos cervicalis gerincparaméter, ami
szignifikdansan korreldl mind a CO-2-, mind a
CL Cobb-szdggel. A C2 meredekség hasznal-
hato a fels@ és az alsé nyaki gerincszakasz
kiegyenesedeése kozotti interdependencia
értekelésére.

Kulcsszavak: hanyatt fekvo testhelyzet,
magneses rezonancias képalkotas, allo
testhelyzet, fels6 és alsé gerincszakaszok
interdependencidja

he cervical spine is the most mobile part of the spine,

and its main functions include bearing the weight of
the head and maintaining a horizontal gaze with head and
neck movements" 2. The cervical spine is divided into
two sections: upper (C0-2) and lower (C2-7).

There is a significant negative correlation between
the upper and lower cervical alignments associated with
a compensatory mechanism for maintaining horizon-
tal gaze®*. Therefore, evaluating this correlation before
cervical fusion operations is essential, particularly in the
upper cervical region, to prevent the occurrence of post-
operative misalignment’.

Classically, this evaluation is performed by measur-
ing the cervical angles or parameters on standing plain
radiography. However, some authors considered that
supine magnetic resonance imaging (MRI) is a good
alternative to standing X-ray for measuring cervical
sagittal parameters, although there is a significant dif-
ference in most equivalent parameters obtained from

the two modalities'*'*. In contrast, most cervical fusion
operations are performed with the patients in the supine
or prone position, without axial loading. We have re-
cently shown that Cervical lordosis (CL) in the standing
position could be simulated in the supine position by
extending the neck and placing a 5-cm-high pillow un-
der the patient’s shoulder'®. Therefore, this study was
designed to investigate to determine whether neutral
supine MRI and supine MRI with neck extension could
be used to evaluate the interdependency between the
upper and lower cervical alignments using the Cobb an-
gle method. The Cobb angle method is the most widely
used measurement technique for assessing spinal defor-
mities and the physiological curves of the spine in the
sagittal or coronal plane. The Cobb angle is the angle
between the upper or lower endplate of two chosen ver-
tebrae. The importance of the C2 and T1 slopes, with
two cervical markers in the supine position, was also
evaluated.
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C0-2 Angle

C2-7 Angle

Figure 1.A C2-7 Cobb angle and CO-2 Cobb angle

Materials and methods

This cross-sectional study was conducted at the Depart-
ment of Neurosurgery. The study protocol, which was ac-
cording to the ethical principles for human investigations
as outlined by the second Declaration of Helsinki, was
reviewed and approved by the local ethics committee.
Written informed consent was obtained from all patients.

This study included 36 male and 30 female volunteers
without symptoms aged between 16 and 60 years (the av-
erage age of the subjects was 36.3 £+ 11.2 years). Subjects
who were overweight and had a history of spinal surgery,
infection, trauma, and medical diseases that may affect
the spine, such as rheumatoid arthritis and neurovascular
diseases, were excluded. After plain cervical radiogra-
phy was performed, subjects with cervical deformity and
spondylosis were also excluded.

Cervical radiographs and images in two sessions of MRI
of the cervical spine were obtained from all subjects. Supine
MRI scans of the cervical spine were performed twice on
the neutral supine position and on the supine position with
5-cm-high pillows placed under the shoulder. Direct radio-
graphic images were acquired from a distance of 72 inches
by focusing on the C4 vertebrae. MRI was performed using
a 1.5 T unit (Magnetom Symphony, A Tim System; Sie-
mens, Erlangen, Germany) and quadrature transmit/receive
heat coil. Midline T2-weighted images (repetition time,
4.120 ms; echo time, 100 ms) were used for the measure-
ments. A standard head stabilizer was used for the neutral
MRI examination. Pillows measuring 5 cm in height were
placed separately under the patients’ shoulders.

N

"1

€2-7 SVA mm

i«

T1 Slope — =

Figure 1.B C2-7 sagittal vertical axis and T1 slope

CL, C0-2 Cobb angle, C2-7 sagittal vertical axis
(SVA), and T1S were measured thrice at different time
points from the imaging sets of each patient, including
X-ray images and two MRI scans, by H.K. and A.C.L,,
and the main values were obtained. These values were
obtained according to the following parameters: 1., CL:
The Cobb angle between the lines of the C2 and C7 low-
er endplates; 2., CO-2 Cobb angle: The Cobb angle be-
tween the lines of McGregor (the line between the pos-
terior edge of the hard palate and the most caudal point
of the occipital bone) and C2 lower endplate (Figure
1.A); 3., C2-7 SVA: The distance between the vertical
lines from the center of C2 and the posterior upper edge
of C7 (Figure 1.B); 4., T1S: The angle between the
line of the T1 upper endplate and the horizontal line; 5
T1S-CL (C2 slope): The T1S angle minus the CL angle.
This value was calculated by subtracting the CL Cobb
angle from T1S.

T1S-CL is an approximation of the C2 slope (in this
article, T1S-CL and C2S were used interchangeably).

Both authors measured all cervical spinal alignment
parameters thrice at different time points. The mean
measurement values from the radiographic images were
compared with those obtained from the MRI scans using
Student’s #-test. The agreement between the parameters
(i.e., CO-2 Cobb angle, CL Cobb angle, and C2S) ob-
tained from the radiographic images and MRI scans was
evaluated using Pearson correlation analysis. Statistical
Package for the Social Sciences, version 22.0, was used
to analyze the results, and p-values of less than 0.05 were
used to indicate statistical significance.
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Table 1. Mean values and standart deviation of cervical sagittal parameters their comparisons and correlattions

p r
C2-7 Angle
X-Ray 15.6+9.2
Neutral MR 4.6 +£10.1 0.021 0.752
Extension MR 163114 0.425 0.718
C0-2 Angle
X-Ray 233+ 7.1
Neutral MR 152+7.7 0.029 0.0502 NS
Extension MR 142+7 0.024 -0.0239 NS
SVA (mm)
X-Ray 142+ 6.1
Neutral MR 54+9 0.019 0.535
Extension MR -0.3+6.1 0.009 0.493
T1 Slope
X-Ray 209 +8.7
Neutral MR 153+ 115 0.035 0.910
Extension MR 19.2+10.5.1 0.240 0.788
T1S-C2-7 Angle (C2 Slope)
X-Ray 53+8.1
Neutral MR 10.7£12 0.041 0.390 S
Extension MR 29+938 0.120 0.0695 NS

p: Student t test, r: Pearson correlation analysis, S: significant, NS: non-significant

Results

Table 1 shows the average values of the cervical sag-
ittal parameters, statistical differences, and correlations
between the values from the standing X-ray images and
those from the MRI scans (neutral and extended). The av-
erage CL Cobb angle was 15.6° £ 9.2°,4.6° £ 10.1°, and
16.3° £ 11.4° in the standing X-ray, neutral MRI, and ex-
tension MRI scans, respectively. The average C0—2 Cobb
angle was 23.3°+7.1°,15.2° £ 7.7°, and 14.2° = 7° in the
standing X-ray, neutral MRI, and extension MRI scans,
respectively (Figure 2).

The average CL Cobb angle, T1S, and C2S values
from the standing X-ray and extension MRI scans were
similar to their equivalents. All other parameters from
MR studies were different from those of the standing
X-ray images.

Except for the C0-2 Cobb angles and C2S from the
extension MRI scans, all parameters from MR studies
were correlated with their standing X-ray equivalents.
Pearson correlation analysis showed significant correla-
tions between the CO-2 and C2-7 Cobb angles in the
standing X-ray and neutral MRI values (r = —0.425 and
0.397, respectively), although no significant correlation

was found between the C0-2 and CL Cobb angles in the
extension MRI scans (Table 2). T1S was correlated with
the CL Cobb angle in plain radiography and MRI studies
(r = 0.4824, 0.734, and 0.702, respectively) (Table 3).
C2S values were also significantly correlated with the
C0-2 Cobb angle in the standing X-ray and neutral MRI
scans (» = 0.5595 and 0.5719, respectively) (Table 4).
There were significant correlations between C2S and the
CL Cobb angle in all modalities (r = —0.5645, —0.7917,
and —0.8526). The correlations between C2S and the CL
Cobb angle were greater in MRI studies than those in
standing X-ray.

Discussion

Standing X-ray used for measuring cervical sagittal pa-
rameters has two major disadvantages. The first is the
radiation effect, and the second is the unclear visibility
of anatomical landmarks, such as the T1 vertebral body
and the upper edge of the sternum because of the su-
perposition of the shoulders'®. Therefore, some authors
have used MRI to measure cervical alignment parame-
ters. However, such studies are few and usually focused
on CL and the following parameters: thoracic inlet angle
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C0-2 Cobb

Angle: 23.1

Figure 2. X-ray (A), Neutral MRI (B) and extending MRI (C)

Table 2. Correlation analysis of CO-2 and C2-7 Cobb angles meas-

ured on different modalities

X-Ray Neutral-MR

Extension-MR

influenced by positions, such as flexion
and extension, because of the motionless
bony circle, including the first ribs, upper

C0-2/C2-7 -0425 S -0.3933 S -0.3250

NS sternum, and T1 body. The effect of the

S: significant, NS: non-significant

(TTA), TI1S, and neck tilt (NT), which could be better
measured using MRI'®. Despite some conflicts, it is gen-
erally accepted that there is a significant difference in
the parameters obtained from X-ray from those obtained
from MRI, except for T1A and NT'. The differenc-
es are due to the absence of the axial loading effect of
the head. T1A is a relatively constant parameter not

flexion and extension positions on cer-
vical parameters are well known and re-
verse'"°. All parameters, except for TIA
and NT, change significantly according to
positions. However, changes in the supine position are
more complex. In the supine position, the flexion effect
occurs on C0-2 and CL, whereas the extension effect
is present on C2—7 SVA and T1S. The mean CL, C0-2
Cobb angle, C2-7 SVA, and T1S values from MRI are
significantly lower than those from upright radiography.
The mean T1S-CL (C2S) value is greater on MRI be-

Table 3. Correlation between T1 slope and upper and lower cervical angles

X-Ray Neutral-MR Extension-MR
T1S/C0-2 r:-0.1015 NS r:-0.541 r-0.217 NS
T1S/C2-7 r: 0.4804 S r:+0.734 r:0.702 S
T1S/C2-7 SVA r:0.4827 S r: -0.0985 NS i -02267 NS

S: significant, NS: non-significant

Table 4. Correlation between C2-slope and upper and lower cervical angles

X-Ray Neutral-MR Extension-MR
C2 Slope /CO-2 0.5595 0.5719 0.1465 NS
C2 Slope /C2-7 -0.5645 -0.7917 S -0.8526 S
C2 Slope /C2-7 SVA 0.7473 0.2728 NS  0.1309 NS

S: significant, NS: non-significant
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cause a decrease in CL is more than that in T1S. Further-
more, statistically significant correlations were observed
between the same parameters from standing X-ray and
neutral MRI, except for the CO-2 Cobb angle. The C0-2
Cobb angle was measured in only one study comparing
X-ray and MRI measurements of cervical sagittal pa-
rameters. Oshina et al. found a significant correlation
between the CO-2 values obtained from standing X-ray
and those obtained from supine MRI, which is in con-
trast to our findings''. In extension MRI, we attempted
to neutralize the flexion effect of the supine position on
CL. The mean CL, T1S, and T1S-CL values obtained
from standing X-ray and extension MRI were similar.
However, the mean CL, C2—-7 SVA, and T1S values ob-
tained from X-ray and extension MRI were correlated
significantly. The importance of MRI examination in the
supine position with neck extension and flexion is also
well-known?*2!. The so-called dynamic supine MRI was
introduced in the 1980s. It is preferred particularly in
cases of spondylotic myelopathy because the cervical
canal is narrowed by 10%-23% on extension. In some
studies, specific neck angles were recommended or pur-
pose-built devices were used in dynamic MRI. Others
preferred the maximum cervical extension or flexion?!.
However, dynamic MRI has rarely been used to simulate
upright cervical alignment in the supine position'’.

The correlation between the C0-2 and CL Cobb angles
is a simple evidence for the interdependency between the
upper and lower cervical alignments. However, this cor-
relation was reported as weak and lower in men and pa-
tients with symptoms®®. According to Oshina et al., the
C0-2 Cobb angle is correlated with the CL Cobb angle
measured on X-ray, but not on MRI'.

In this study, correlations between the C0-2 and CL
Cobb angles were r = —0.425, —0.393, and —0.3250 in
the standing X-ray, supine neutral MRI, and extension
MRI scans, respectively. The correlations were stronger
in X-ray and neutral MRI scans than in extension MRI.

The development of subaxial kyphosis or decreased
lordosis and swan neck deformity following atlantoaxial
or occipitocervical fusion is well-known2>2, Toyama
et al. reported that 33% of patients had malalignment of
the subaxial cervical spine after atlantoaxial arthrode-
sis®. Matsunaga reported that the rate of subaxial cer-
vical malalignment following occipitoaxial fusion was
13%?%. These findings suggest a relationship between
the upper and lower cervical alignments associated with
a compensatory mechanism. Nojiri et al. found a weak
negative correlation between C0-2 and CL alignments
and concluded that if the CO-2 Cobb angle increases,
the alignment of the lower cervical spine becomes ky-
photic and vice versa®. Later, Guo et al. also reported
negative correlations between the CO-2 and CL Cobb
angles and between the C1-2 and CL Cobb angles®.

The former correlation was stronger. In both studies,
the subjects were asymptomatic. In 2015, Nuriez-Per-
reria et al. revealed significant correlations between the
CL and C0-2 Cobb angles and the CL and C1-2 Cobb
angles in asymptomatic, symptomatic, and surgically
treated patients®. Upper cervical angles were also cor-
related with the C7 slope.

According to Nufiez-Perreria et al., total lordosis (CO—
7 Cobb angle) is approximately 30°, and 40% of total
lordosis is provided by C0-2 lordosis®. In this study, total
lordosis were 39° and 20° in standing X-ray and neutral
supine MRI, respectively. Upper CL consists of 60% and
79% of total lordosis on standing X-ray and neutral su-
pine MRI, respectively. However, similar results from
standing X-ray and MR studies have been reported'": '°.

T1S is a marker for predicting the lower cervical align-
ment, thoracal kyphosis, and overall sagittal balance® .
T1S is strongly correlated with the CL Cobb angle and
C2-7 SVA. Some authors prefer using the C7 slope in-
stead of T1S because the shoulders can obscure the T1
upper endplate on standing cervical radiography®. In MRI
studies, the T1 slope can be measured easily. Nuilez-Per-
reria also found a significant correlation between the C7
slope and CO-2 Cobb angle®. It is generally accepted that
there was no correlation between the T1 slope and C0-2
Cobb angle, although it was present in the neutral MRI
group in this study.

C2 S (T1S-CL Cobb angle) is a relatively new pa-
rameter linking the occipitocervical and cervicotho-
racic spines®. It is a mathematical approximation
of T1S minus the CL angle, inspired from PI-LL3'. Tt
is significantly correlated with cervical alignment, the
neck disability index, and patient-reported health-re-
lated quality of life scores®. It is also a modifier of
cervical deformity?. In this study, the mean C2S value
from MRI scans was greater than that from standing
X-ray, as in a previous study. C2S was also significant-
ly correlated with the C0-2 and CL Cobb angles in the
X-ray and neutral MRI groups. To predict the upper
and lower cervical alignments, we believe that C2S is
more important than T1S.

In this study, we investigated the interdependen-
cy between the upper and lower cervical alignments
in subjects without symptoms. However, the cervical
curvature is influenced by thoracic and thoracolumbar
malalignments.

In patients with thoracic hypokyphosis, CL decreases,
whereas, in patients with hyperkyphosis, cervical hyper-
lordosis occurs to maintain horizontal gaze®. Similar ef-
fects of thoracolumbar malalignment on CL were repor-
ted in adult patients with spinal deformity and adolescent
patients with idiopathic scoliosis. If changes in CL are
sufficient to maintain horizontal gaze in these patients,
the C0-2 Cobb angle remains constant at approximately
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30°. CO-2 Cobb angle values of >30° indicate that the
upper cervical spine alignment was recruited® 4.

However, this study has some limitations. First, the
number of subjects was small. Another important limita-
tion is the lack of basic knowledge about the C0-2 and
C2S values from MRI studies. According to Staub et al.,
C2S should be 16.5° + 2°; however, no MRI study on the
normative values of C2S was conducted*.

Conclusion

A statistically significant negative correlation between
the upper and lower cervical alignments is also present in
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Background and purpose - We retrospec-
tively studied the development of neuro-
trauma case numbers during the COVID-19
pandemic in the largest trauma center in
Hungary and compared them to the data

of the previous year. We hypothesized that
the decrease in the number of neurotrauma
cases during the restrictions would sub-
sequently lead to a significant increase in a
so-called rebound phenomenon. Our goal
was to better understand the effect of the
pandemic and the restrictive measures on
neurotrauma admissions to help better
prepare for a new pandemic or for other
mobility restrictions.

Methods - We compiled daily case numbers
from January 1, 2019, to April 30, 2021,
which included the treatment of 861 patients
with spinal trauma and 1244 patients with
head injuries from 2019 to 2020, and 871
and 1255 patients with spinal trauma and
head injuries, respectively, from March 2020
to April 30, 2021. The parameters studied
were patients’ age, admission date and time
from injury to admission. We also conducted
a minimum 3-month follow-up study with
patients admitted during the pandemic to
determine the changes in the hazard ratio of
mortality.

Results - We found that in each wave of the
pandemic, during the restrictive measures,
neurotrauma case numbers decreased. After
the first restrictions, we observed a clinically
relevant rebound effect among spinal trau-
ma patients. The main findings of the follow-
up were that the hazard ratio of mortality

Akut neurotraumatolégiai betegellatas
szamszeri alakulasa a SARS-CoV-2-
pandémia tiikrében

Stivegh D; Juhész A; Veres DS, PhD; Viola A,
MD, PhD

Hattér és cél - Kutatasunkban retrospektiv
maodon megvizsgaltuk a Covid-19-pandémia
alatt a neurotraumatoldgiai esetek valtoza-
sat Magyarorszag legnagyobb traumatolo-
giai kozpontjaban, és Osszevetettik a
jarvanyt megel8z6 év adataival. Feltételezé-
sunk szerint a kijarasi korlatozasok alatti
esetszamcsokkenés a korlatozasok feloldasa
utan a sérultek szamanak emelkedéséhez
vezet, melyre tobben ,rebound-effect’-

ként hivatkoznak. Kutatasunk célja, hogy
jobban megértstk a Covid-19-vilagjarvany,
valamint a korlatozo intézkedések hatasat a
neurotraumatoldgiai esetek szambeli alaku-
lasara, hogy az elldtérendszer egy kovetkezé
jarvany vagy egyéb kijarasi korlatozasok
esetén felkészult legyen.

Médszerek - Osszegy(ijtottik a napi neuro-
traumatolodgiai esetszamokat 2019. januar

1. 65 2021. aprilis 30-a kdzott. 861 beteget
lattunk el gerincséruléssel, és 1244 beteget
koponyatraumaval 2019-t8l 2020-ig, vala-
mint 871 gerincsérultet és 1255 koponyasé-
rUltet 2020 marciusatol 2021. aprilis végéig.
A vizsgalt paraméterek a beteg kora, felvételi
datuma és a séruléstdl a felvételig eltelt id6
voltak. Emellett a jarvany alatt felvett betegek
esetében egy legaldbb harom hénapos utan-
kovetést végeztlnk a tulélésbeli kildonbség
meghatarozasa céljabal.

Eredmények - Adataink alapjan elmond-
hato, hogy a jarvany minden hulldamaban,

a kijarasi korlatozasok alatt a neurotrau-
matoldgiai esetek szama szamottev8en
csOkkent. Az elsd hullam utan megfigyeltiink
egy klinikailag figyelemremélté ,rebound-
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for COVID-19 infected patients was 2.5 (p <
0.007), compared with the mortality hazard
ratio of COVID-19-negative patients.
Conclusion - Restrictions during the
pandemic significantly reduced population
mobility helping slow down the spread of the
virus and give time to healthcare systems
to better prepare. At the same time, it also
reduced the number of new neurotrauma
cases. In case of spinal trauma patients,

a rebound effect was observed after the
restrictions, which may be due to increased
mobility, activity and travel. The restrictive
measures reduced trauma cases effectively,
while not increased the time from injury to

effectet” a gerincsérultek korében. A halalo-
zasi kockazati arany (mortality hazard ratio)
a koponyasérUltek kdrében 1,6-szerese volt
a gerincsérultekének (p < 0,001), valamint a
Covid-fert6ézott betegek kdrében 2,5-szeres
volt a nem fertézott betegekhez viszonyitva
(p <0,001).

Kovetkeztetés - A pandémia alatti korla-
toz¢ intézkedések szignifikansan csokken-
tették a lakossag mobilitasat, ezzel segitve
nemcsak a virus terjedésének lassitasat, de
id6t adva az ellatérendszernek a megfeleld
felkészulésre. Emellett a korlatozas csokken-
tette a neurotraumatolégiai esetek szamat
is. A gerincsérultek esetében megfigyelt

admission.

Keywords: COVID-19, neurotrauma,
rebound effect, lockdown, pandemic

he first European case of COVID-19 was detected

in France on January 24, 2020. The first death
from coronavirus in Europe also occurred in France on
February 15 of the same year'. In Hungary, authorities
detected the first case on March 4. Soon after, due to
the dynamic increase in the number of new infections,
several restrictive measures were introduced. In Bu-
dapest, the first lockdown was imposed on March 28,
which lasted until May 182 During this time, residents
were allowed to leave their homes only for work, shop-
ping, and individual outdoor sports. Hospitals were only
allowed to provide emergency care.

Several studies have shown that neurotrauma injuries
decreased during the pandemic and during the restrictive
measures in the United States, India and in Europe as
well*?. In this study, we aim to investigate the impact of
the pandemic on the incidence of neurotrauma injuries
and the survival of the injured in a Hungarian context,
since we could not find such article. We hypothesized
that the decrease in the number of these injuries during
the restrictions would subsequently lead to a significant
increase in a so-called rebound phenomenon, previously
found in some other fields, like cardiology!'.

Jrebound-effect” oka a korlatozasok utan
megemelkedd mobilitas, aktivitas, valamint
utazas lehet. A korlatozé intézkedések haté-
konyan csokkentik a traumatoldgiai esetek
szamat, mikdzben nem novelik az ellatashoz
jutas idejét.

Kulcsszavak: neurotrauma, rebound effect,
korlatoz¢ intézkedések, pandémia

Methods

To assess the impact of the restrictive pandemic measures,
we used the mobility database compiled by Google Inc.,
which highlights the geographic locations that make up
the facility’s service area. The data show how the time
people spent at categorized locations (home, work, transit,
retail) changed compared to a baseline. A baseline day
represents a normal value for that day of the week. The
baseline day is the median value for the 5-week period
from January 3 to February 6, 2020'". Weekends were
excluded from the data because the restrictive measures
had significantly less impact on people’s commuting
behavior on those days.

We retrospectively studied the development of
neurotrauma case numbers during the pandemic in the
largest trauma center in Hungary and compared them to
the data of the previous year. We compiled daily case
numbers from January 1, 2019, to April 30, 2021, which
included the treatment of 861 patients with spinal trau-
ma and 1244 patients with head injuries from 2019 to
2020, and 871 and 1255 patients with spinal trauma and
head injuries, respectively, from March 2020 to April
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Figure 1. Timeline: Study periods and the pandemic waves

30, 2021. The parameters studied were age, admission
date and the time from injury to hospital admission.
We distinguished between isolated spinal injuries and
isolated head injuries. We compared data from the
pandemic period between March 1, 2020 and April 30,
2021, with the same period in the previous year to avoid
discrepancies due to seasonal variations.

We distinguished 5 study periods from March 28, 2020
to May 18, 2020 during the first curfew (Period 1); from
May 19, 2020 to July 9, 2020 we examined a time period
of the same length as Period 1 to determine any rebound
effect (Period 2). The following period between July
10, 2020 and September 9, 2020 was free of restrictions
(Period 3). After that, from September 10, 2020 to March
7, 2021 (Period 4); and finally from March 8, 2021 to
April 30, 2021, were the second and third wave of the
virus with various restrictions (Period 5). We ended data
collection on April 30, 2021 (Figure 1).

During Period 1 and 2, we also examined the impact
of the restrictive measures on the length of time from
injury to hospitalization.

To answer our questions regarding the change in
neurotrauma cases during each period, we used chi-
square test. We compared the pandemic periods vis-a-vis
“normal” or “COVID” years separately for two types of
injury and for two age categories, without multiplicity
correction. No trend or pattern was observed in the
descriptive statistics, therefore we deemed a pairwise
description and comparison sufficient. Due to the nature
and possible bias of this aggregated count data in time
periods, we did not perform hypothesis tests, only
described the data.

We also assessed the survival of COVID-19 infected
and noninfected neurotrauma patients, so we did a
follow-up study from March 2020 to April 30, 2021,
with minimum 3 months follow-up for each patient. The
Cox proportional hazard model was fitted to the data.
We used the following predictors in our model: type
of injury (spinal or cranial) and COVID-19 infection.
We then controlled the effect of the predictors for age
and sex as potential confounders. The nonlinear effect
of age was also tested with cubic splines but proved
non-significant and had no relevant effect, so the final
model does not include it. No relevant and significant

interaction was found between COVID-19 infection,
injury, age, and sex. The model fits the data acceptably
based on model diagnostics. The significance level was
set at 0.05, and the confidence level was 0.95 in all
cases.

Results

As part of the epidemiological measures, a curfew was
imposed in Budapest on March 28, 2020. Catering
establishments were closed and residents were only
allowed to leave their homes for work, shopping, and
individual sports activities. Google’s mobility database
shows that Budapest residents spent on average 23.7%
more time at home during the first wave of the pandemic
than in the first month of 2020. Due to the massive shift
to home office, the time spent at work decreased by an
average of 58.1%, with a maximum decrease of 71.8%.
Time spent on travel and public transportation decreased
by an average of 63.6% (maximum 72.2%), and time
spent in retail stores also decreased by an average of
59.6% (maximum 71.0%). After the restrictions were lif-
ted, during Period 2, home attendance largely returned
to the pre-outbreak baseline, with time spent at home
increasing by an average of 10.15% (minimum 4.6%).
Time spent at retail was 26.6% lower on average than
before the outbreak (maximum 16.2%), time spent at
work was 40.9% lower on average (maximum 36.8%),
and time spent on public transportation was 38.5% lower
on average (maximum 29.2%).

As the second wave (Period 4) intensified, a nighttime
curfew was imposed on November 10, 2020, followed by
a store closure on March 9, 2021, due to the third wave
(Period 5), which meant that only essential stores could
remain open. During the one-month-period following
November 20, residents spent on average 16% more
time at their residence (maximum 16.6%) than before
the pandemic. During this period, time spent at work, on
public transportation, and in retail stores decreased by an
average of 37.9%, 45.6%, and 41.1%, respectively (ma-
ximum 38.8%, 47.2%, and 43.2%, respectively). During
the 30 days following the store closure, time spent at home
increased by an average of 19.5% (maximum 21.2%),
while time spent at work, on public transportation and
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spinal injuries decreased to varying degrees
during the second and third waves (Period
4 and 5) of the pandemic. During Periods 4

Table 1. Neurotrauma cases during and after the first wave (Periods
1 .and 2) and the corresponding periods of 2019 before the pandemic

and 5, we had 134 and 64 elderly patients in Spinal injury Cranial injury
our care, while during the same time of the 2019 2020 2019 2020
year before we treated 179 and 75 patlents. Period 1 103 78 170 115
The change in case numbers during and
. . > (28/03/20 - 18/05/20)

before the pandemic was significant in this .
Study group (p:00023) Period 2 108 162 164 150

The number of 18- to 65-year-old (19/05/20 - 09/07/20)
patients with skull injuries was lower in p<0.001 p=0.081

all periods compared to the same intervals
the year before the pandemic, but not
significantly (p=0.072) (Table 2).

These changes in the number of patients over 65 years
old with skull injuries differed from younger patients.
In Period 1, compared to the year before, the number of
patients over 65 years old decreased during the first wave
(from 86 to 61). The number of injuries in Period 2 to 4
did not differ significantly from the same periods the year
before. There was an increase in the third wave (Period
5) compared to the pre-pandemic period from 76 to 109
cases. The change in case numbers during and before the
pandemic was significant in this study group (p=0.033).

In Period 1 65.8% of our spinal trauma patients
presented to our hospital on the day of injury (immediate
care), meanwhile in the year before same-day spinal
injuries accounted for 54.9%. For cranial injuries, same-
day injuries accounted for 92.3% in Period 1, and 90.4%
of cases in the same period of the year before.

After the first wave of the COVID-19 pandemic
(Period 2), 59.2% of patients presented with same-day
spinal injuries, meanwhile the year before same-day
injuries accounted for 71.0%. For skull injuries, the same-

Table 2. Neurotrauma cases during the first 3 waves of the pandemic (Periods 1-5) and corresponding periods of 2019

before the pandemic

Spinal injury Spinal injury Cranial injury Cranial injury
age 18-65 age 65+ age 18-65 age 65+
Period 1in 2019 42 61 84 86
(28/03/19 - 18/05/19)
Period 1 40 38 54 61
(28/03/20 - 18/05/20)
Period 2 in 2019 51 57 83 81
(19/05/19 - 09/07/19)
Period 2 73 89 73 77
(19/05/20 - 09/07/20)
Period 3in 2019 114 169 189 237
(10/07/19 - 09/11/19)
Period 3 124 149 164 248
(10/07/20 - 09/11/20)
Period 4 in 2019 128 179 185 241
(10/11/19 -31/12/19 +
01/01/19 - 07/03/19)
Period 4 74 134 117 235
(10/11/20 - 07/03/21)
Period 5in 2019 45 75 83 76
(08/03/19 - 30/04/19)
Period 5 29 64 45 109
(08/03/21 - 30/04/21)
Change significance during p=0.003 p=0.002 p=0.072 p=0.033

the 5 periods
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Table 3. injury to admission time during and after the first wave (Periods T and 2) and the corresponding periods of 2019

before the pandemic

Injury Injury to admis- Period 1in 2019  Period 1 Period 2in 2019  Period 2

sion time (28/03/19 (28/03/20 (18/05/19 (18/05/20

-18/05/19) -18/05/20) -09/07/19) -09/07/20)

Spinal 0 day 54.9% 65.8% 71.0% 59.2%

1-2 days 17.1% 17.8% 13.9% 17.5%

2+ days 28.0% 16.4% 15.1% 23.3%
Cranial 0 days 90.4% 92.3% 92.9% 85.8%

0+ days 9.6% 7.7% 7.1% 14.2%

Spinal injury

1
0,6
0,4
0,2

Period 1
(28/03/20 -
18/05/20)

Period 2 in 2019
(18/05/19 -
09/07/19)

Period 1in 2019
(28/03/19 -
18/05/19)

HO0day m1-2days M2+days

Cranial injury

1
095 -

0,9
0,85
0,8

0,75
Period 1 in 2019
(28/03/19 -
18/05/19)

Period 1
(28/03/20 -
18/05/20)

Period 2 in 2019
(18/05/19 -
09/07/19)

HO0days ®O+days
&

J

2.17% to 4.69%, while for skull injuries it
ranged from 7.14% to 37.32%.

We identified 10 COVID-19-infected
patients with spinal injuries and 77 patients
with skull injuries throughout the study
period, with mean ages of 76.4 and 73.8
years, respectively. The mean ages of
the non-infected patients with spinal and
cranial injuries were 65.1 and 66.0 years,
respectively. The case fatality rate of the
COVID-19-positive spinal injury patients
was 50%, with a mean age of 72.7 years;
in cranial trauma patients, it was 48.6%,
with a mean age of 79.7 years. COVID-19-
negative spinal and cranial trauma patients
had a mortality rate of 16.6% and 28.0%,
with a mean age of 75.8 and 78.2 years,
respectively.

We compared the survival of COVID-19-
infected and non-infected spinal and cranial
J trauma patients. The mortality hazard ratio

Period 2
(18/05/20 -
09/07/20)

Period 2
(18/05/20 -
09/07/20)

Figure 3. /njury to admission time during and after the first wave and

the corresponding periods of 2019

day injuries were 85.8% in Period 2 and 92.9% in the
year before. We found no clinically relevant difference
in time to admission between the study periods (Table 3,
Figure 3). The restrictive measures did not significantly
influence the ratio of same-day injuries for spinal and
skull injuries (p=0.3 and p=0.057 respectively).

We examined the trends in the number of COVID-19
positive and negative neurotrauma cases during Period 1
to 5. In the first wave, when the number of new infections
was lower (due to strict curfews), none of the spinal
injury cases were COVID-19-positive. Meanwhile, the
proportion of COVID-19-positive patients with head
injuries stayed constant, below 10%, throughout the first
pandemic wave. During the more ferocious second and
third waves (Period 4 and 5), the proportion of COVID-
19-positive patients with spinal injuries ranged from

of skull injury compared with spine injury
was 1.6 (CI: 1.3-2.0, p < 0.001). As for
COVID-19 infection, the mortality hazard
ratio of COVID-19-infected patients was
2.5 (CI: 1.8-3.5, p < 0.001), compared to the mortality
hazard ratio of COVID-19-negative patients, controlled
for age, sex and type of trauma (Figure 4).

Discussion

Castillo et al. found that stay-at-home orders leading to
a significant reduction in population mobility effectively
slowed the COVID-19 pandemic'?. In their study, Matrajt
et al. emphasize that social distancing and store closures
allow health systems to prepare better for the pandemic’®.
There had not been restrictive measures as strict as these
in recent decades that limited population mobility as
drastically as during the first wave of COVID-19. Mobility
data collected by Google Inc. showed that restrictive
measures in Hungary drastically limited population
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INJURY: skull vs. spine (N=1220 vs. 760) (1'31_'62.0)
COVID: covid vs. non-covid  (N=78 vs. 1902) (1.82-'53.5)
AGE [Year] (N=1980) (1_01.' 11_1) [
SEX: male vs. female (N=950 vs. 1030) (1'41_'%_0)

f | ! p<0.001

f i | p<0.001

p<0.001

—a— p<0.001
1.5 2 215 3 3.5 4

Figure 4. All-cause mortality hazard ratios among neurotrauma patients

mobility during all three waves of the pandemic. Daytime
and nighttime restrictions had a more significant impact
than store closures or nighttime curfews alone. The
impact of these measures restricting population mobility
is associated with the number of neurotrauma skull- and
spine-injury cases, which is in line with the results of other
European studies focusing on neurosurgical care during
COVID-1978. Our study found that the number of spinal
injuries during the different pandemic periods differed
in a clinically relevant way from the periods before the
pandemic. For cranial injuries, this was true only for those
over 65 years of age, whereas the pandemic had no relevant
observable effect on the number of cranial injuries in the
18- to 65-year-old age group. Several studies showed case
numbers rebound in other fields, like cardiology'®. We also
observed a rebound phenomenon after the first wave, but
only in spinal injuries. We think the reason for this may

be an increased will to do sports, to travel and do other
activities leading to traumatic spinal injuries which were
restricted during the stay-at-home order. The number
of cranial injuries did not increase after the restrictions
were lifted. In conclusion, the cause of the rebound effect
needs to be better investigated and understood. As noted
by Castillo et al., curfews reduce the number of new
COVID-19 positive cases'?. Superimposing the number of
spinal injuries on time spent at home shows that with the
reduction in mobility, the number of spinal injury cases
decreased. Thus, based on our data, we think that these
restrictive measures can reduce the number of neurotrauma
cases by reducing transportation time, one of the most
common triggers of neurotrauma injuries (Figure 5).

We examined whether the first wave of COVID-19
had an impact on the care of patients with acute head
and spine injuries. We found that the first wave did not
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Figure 5. Spinal injury cases among 18- to 65-year-old patients and the time spent in residential areas. As case
numbers, an order 6 polynomial trendline is shown for better presentation



260 SUvegh: Impact of COVID-19 on neurotrauma cases

increase the time from injury to treatment in a clinically
relevant way.

When comparing the mortality hazard ratio and mean age
of our COVID-19- positive and COVID-19-negative pa-
tients, we found that the mean age of the infected group was
higher than that of the non-infected group. The hazard ratio
of death for COVID-19-infected patients was significantly
(2.5 times) higher than for uninfected neurotrauma patients.

Our study has limitations. It is a monocenter study so
it can not provide perfectly accurate data regarding the
whole country. We also did not account for comorbidities
calculating the mortality hazard ratios, which could
influence the outcome of either a COVID-19 infected or
a neurotrauma patient.
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Background and purpose - Post-acute
sequelae of COVID-19 (PASC) describes the
occurrence of persistent symptoms follow-
ing COVID-19 infection. Neurological and
psychiatric symptoms may include fatigue,
post-exertional malaise, cognitive com-
plaints, sensorimotor symptoms, headache,
insomnia, depression, and post-traumatic
stress disorder. The aim of this study was to
evaluate the long-term effects of COVID-19
infection on mental fatigue and cognitive
flexibility in young adults.

Methods - Simple random sampling method
was used to enroll university students into the
study between December 25 and 31, 2022.
The time since active infection, central neuro-
logical findings (such as headache, dizziness,
and loss of smell or taste), and the presence
of lung involvement were recorded. The
Mental Fatigue Scale (MFS) and the Cognitive
Flexibility Inventory (CFl) were administered to
all participants.

Results - The study included 102 cases and
111 controls. The case group had a signifi-
cantly higher total MFS score (12.95; 9.69
respectively) (p<0.001) and significantly lower
total CFl score (100.01; 109.84 respectively)
(p<0.001) than the control group. The case
group experienced more frequent mental
fatigue than the control group (p<0.001).
Among all participants, a history of COVID-19
infection was identified as a risk factor for
developing mental fatigue (odds ratio/OR:
2.74). In the case group, female sex (OR:
0.38) and lung involvement (OR: 10.74) were
risk factors for developing mental fatigue.

A Covid-19 posztakut kévetkezményei
fiatal feln6tteknél: mentalis faradtsag
és csokkent kognitiv rugalmassag
Yasin S, MD; Altunisik E, MD; Firat YE, MD

Hattér és cél - A Covid-19 posztakut kdvet-
kezmenyei (PASC) megnevezés a Covid-19-
fertzest kovetd tartos tlnetek eléfordulasat
irja le. A neuroldgiai és pszichiatriai PASC-tu-
netek kozé tartozhat a faradtsag, az erdkifej-
tés utani rossz kozérzet, a kognitiv panaszok,
a szenzomotoros tlnetek, a fejfajas, az
almatlansag, a depresszio és a poszttraumas
stresszbetegség. A jelen vizsgalat célja az
volt, hogy fiatal felnétteknél felmérje a Covid-
19-fert8zés hosszu tavu hatasait a mentalis
faradtsagra és a kognitiv rugalmassagra.
Médszerek - Egyszer(i véletlen mintavételi
madszerrel vontunk be egyetemi hallgatokat
a vizsgalatba 2022. december 25. és 31.
kozott. Rogzitettuk az aktiv fertzés ota eltelt
id6t, a kozponti idegrendszeri neurolégiai
tuneteket (példaul fejfajas, szédulés, szaglas-
vagy izlelésvesztés) és a tuddérintettség
jelenlétét. Minden résztvevlvel elvégeztik a
Kognitiv/Mentalis Faradtsag Skalat (MFS) és a
Kognitiv Rugalmassagi Leltart (CFI).
Eredmények - A vizsgalatba 102 esetet

és 111 kontrollt vontunk be. A kontrollcso-
porttal dsszehasonlitva, az esetcsoportban
szignifikdnsan magasabb volt az MFS-0ssz-
pontszam (12,95; 9,69) (p < 0,001) és szignifi-
kansan alacsonyabb volt a CFl-6sszpontszam
(100,01; 109,84) (p < 0,001). Az esetcsoport-
ban gyakoribb volt a mentalis faradtsag, mint
a kontrollcsoportban (p < 0,001). Az 8sszes
résztvevl kozott a kortorténetben szerepld
Covid-19-fert8zést a mentalis faradtsag ki-
alakulasanak kockazati tényezéjeként azono-
sitottuk (esélyhanyados/OR: 2,74). Az eset-
csoportban a néi nem (OR: 0,38) és a tidé
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Conclusion - This study demonstrates that
COVID-19 infection might have long-term
negative effects on cognitive health, likely

due to a combination of organic and psycho-

érintettsége (OR: 10,74) volt a mentalis fa-
radtsag kialakuldsanak kockazati tényezdje.
Kovetkeztetés - A tanulmany azt mutatja,
hogy a Covid-19-fertézésnek hosszu tavd

genic mechanisms.

Keywords: brain fog, COVID-19,

mental fatigue, cognitive flexibility,

neuropsychiatric disorders

Infection with severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), the causative virus responsi-
ble for coronavirus disease 2019 (COVID-19), can lead
to the development of both lung disorders and multi-
organ syndromes'. The devastating health consequences
of COVID-19 infection have been extensively described,
and concerns have been increasing regarding the potential
long-term effects of this disease. Many survivors develop
persistent chronic and debilitating symptoms long after
their initial recovery from COVID-19, even in cases of
mild disease severity’>. Symptoms that persist > 2 months
after COVID-19 recovery are referred to as long COVID
or post-acute sequelae of COVID-19 (PASC). The Na-
tional Institute for Health and Clinical Excellence, the
Scottish Intercollegiate Guidelines Network, and the
Royal College of General Practitioners have collectively
defined PASC as signs and symptoms that develop during
or after an infection consistent with COVID-19, persist
for more than 3 months (or from date of positive test for
asymptomatic), and cannot be explained by any alter-
native diagnosis®. The most commonly reported PASC
symptoms are extreme fatigue, muscle weakness, short-
ness of breath, sleep difficulties, anxiety, depression,
decreased lung capacity, memory/cognitive impairment,
hyposmia/anosmia, and exercise intolerance®. Neuro-
logical and psychiatric PASC symptoms include fatigue,
post-exertional weakness, cognitive complaints, sensori-
motor symptoms, headache, insomnia, depression, and
post-traumatic stress disorder (PTSD)>.

Scientific and medical communities consider PASC to
be a pressing matter that urgently needs to be addressed.
However, most studies examining PASC have focused
primarily on pulmonary complications®. It is known that
PASC does not only consist of pulmonary symptoms, it
can also be seen in both hospitalized patients and outpa-
tients with a mild course. Among hospitalized patients,
the reported prevalence of persistent symptoms follow-

negativ hatasai lehetnek a kognitiv egészség-
re, valészinlleg organikus és pszichogén me-
chanizmusok kombinacioja kdvetkeztében.

Kulcsszavak: kodos agy, Covid-19,
mentalis faradtsag, kognitiv rugalmassag,
neuropszichiatriai rendellenességek

ing COVID-19 infection ranges from 32.6% to 87%/.
In a cohort of outpatients, 37% of participants reported
persistent fatigue, and 30% reported persistent cognitive
impairment following COVID-19 infection®.

The colloquial term ‘brain fog’ has become one of the
top three symptoms reported by millions of individuals
with PASC. Although this term is widely used by patients
and the healthcare community, no consensus definition of
brain fog has been established. In general, brain fog de-
scribes symptoms that affect executive function, such as
attention deficits, short-term memory loss, reduced con-
centration, and decreased mental acuity’. Mental fatigue
is defined as cognitive decline characterized by increased
time required to regenerate mental energy, irritability, im-
paired memory, decreased concentration, and hypersen-
sitivity to stress. Mental fatigue is frequently observed
following traumatic brain injury, stroke, and inflamma-
tory diseases that affect the central nervous system, but
the pathogenesis and neurocognitive processes under-
lying mental fatigue are poorly understood!®. Cognitive
flexibility refers to mental processes in which individuals
reconstruct their mental resources in a different order. It
is defined as an individual’s ability to adapt to constantly
changing situations, reflecting executive functions such
as attention and inhibition, and has a critical role in stra-
tegic decision making''. Brain fog may be a reflection
of mental fatigue and decreased cognitive flexibility. The
current study used the Mental Fatigue Scale (MFS) and
the Cognitive Flexibility Inventory (CFI) to evaluate the
long-term effects of COVID-19 infection on mental fa-
tigue and cognitive flexibility in young adults.

Material and methods

Between December 25 and 31, 2022, Gaziantep Univer-
sity students aged 18-25 who agreed to participate in the
study were included using face-to-face interview tech-
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nique and simple random sampling method. In the power
analysis, the number of samples to be taken in each group
was determined as 88 according to 95% confidence, 95%
test power and 0.5 effect size. Sociodemographic data
questionnaires and scales were delivered to qualifying
participants. Students who did not consent to participate
in the study, those who consented to participate but failed
to respond to some of the items, and those who selected
multiple responses for the same item were excluded from
the final analysis. In addition, individuals with any his-
tory of neurological or psychiatric diseases or who re-
ceived medical treatment for neurological or psychiatric
diseases (such as antidepressants, antipsychotics, and
anticonvulsants) were excluded. Exclusion criteria also
included any history of traumatic brain injury; systemic
and endocrine diseases, such as chronic kidney failure,
chronic liver disease, diabetes mellitus, and thyroid dys-
function; and primary sleep disorders (such as insomnia
and parasomnia). Inclusion and exclusion criteria, based
on self-report, were later verified from medical records.

The sociodemographic questionnaire was used to col-
lect data on age, sex, history of COVID-19 infection
(based on confirmation by polymerase chain reaction
test), and exclusion criteria. Participants with a history
of COVID-19 infection were asked to respond to addi-
tional questions regarding the time elapsed since active
infection; neurologic symptoms, such as headache, diz-
ziness, loss of smell or taste, experienced during or after
acute infection; and the presence of lung involvement (as
confirmed by computed tomography or anterior-posterior
chest X-ray). The case group was divided into 3 sub-
groups, 3—6 months, 7-12 months, and >12 months, ac-
cording to the time elapsed after acute infection.

After completing the sociodemographic form, par-
ticipants were asked to complete the MFS and CFI. The
study was conducted in accordance with the principles of
the Declaration of Helsinki, and approval was obtained
from the local ethics committee (approval number and
date 2022/465, 21.12.2022). Informed consent was ob-
tained from all patients that they agreed to have their
medical records checked and their data stored.

Mental Fatigue Scale

The MFS consists of 15 items related to general fatigue,
mental fatigue, memory problems, lack of initiative,
slowness of thinking, mental recovery, concentration dif-
ficulties, sensitivity to stress, increased tendency to be-
come emotional, irritability, sensitivity to light, sensitiv-
ity to noise, decreased nighttime sleep, increased overall
sleep, and 24-hour variations. The response to each item
is scored from O to 3, where 0 indicates normal function
and 3 indicates maximum severity. The participants were
able to record scores in 0.5-point increments. The total

MES score was obtained as the sum of the scores for
the first 14 items. Item 15 was only for clinical use and
evaluated variations in stated problems over a 24-hour
period. A total MFS score of 10.5 or greater indicates the
presence of mental fatigue'®.

Cognitive Flexibility Inventory

The CFI was developed by Dennis et al. to assess cog-
nitive flexibility. The CFI is a 7-point, Likert-type scale
consisting of 20 questions. The responses are coded as
follows: strongly disagree (1), disagree (2), somewhat
disagree (3), neutral (4), somewhat agree (5), agree (6),
and strongly agree (7). Items 2, 4, 7, 9, 11, and 17 are
scored in a reverse-coding manner. The final score is ob-
tained by summing the scores from all items. A high CFI
total score indicates high cognitive flexibility. The scale
does not have a cut-off value'’.

Statistical analysis

Continuous variables are presented as the mean + stand-
ard deviation, and categorical variables are presented as
number (percentage). Data normality was verified using
kurtosis and skewness analyses. Because all quantitative
data in the study showed a normal distribution, parametric
tests were used to compare differences between groups.
Differences in continuous variables between groups were
assessed with the independent-sample T-test, whereas
differences in categorical variables were assessed with
the Chi-square test. One-way analysis of variance was
used to test variance. The effects of variables on mental
fatigue were tested with logistic regression analysis. Lo-
gistic regression results are presented as the odds ratios
(OR) and 95% confidence interval (CI). Statistical analy-
ses were performed using the Statistical Package for So-
cial Sciences (SPSS) version 22 for Windows. A p-value
less than 0.05 was considered significant.

Results

A total of 298 university students were recruited and
consented to study participation. After applying all inclu-
sion and exclusion criteria, 102 students with a history of
COVID-19 infection were enrolled in the case group, and
111 participants with no history of COVID-19 infection
were enrolled in the control group. A flowchart show-
ing the steps used to recruit the study cohort is shown
in Figure 1. None of the cases reported hospitalization
during the acute COVID-19 infection phase. The mean
age of the study cohort was 22.6 years, including 120
(56.3%) women and 93 (43.7%) men. The case and con-
trol groups had similar mean ages and sex distributions.
The mean total MFS and CFI scores for all participants
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Participants reached
(n=298)

LY

Participants in the
study (n=213)

N were 11.25 and 105.14, respectively. The
MFS was above 10.5, indicating the pres-
ence of mental fatigue, in 98 (46%) indi-
viduals, whereas the MFS score was below

@xcluded (n=85)

\ 10.5, indicating no mental fatigue, in 115
(54%) individuals. The descriptive and so-

STakingantidepressants(38) ciodemographic characteristics of the par-

-Hypothyroidism (5)

-Diabetes mellitus (2)

ticipants are summarized in Table 1. The
case group had a significantly higher mean

-Unwilling to participate (34) total MFS score (p < 0.001) and a signifi-
-Inappropriate or duplicate cantly lower mean CFI score (p < 0.001)
answer (8)

than the control group. The frequency of

LY

COVID-19 group
(n=102)

Control group

(n=111)

mental fatigue was significantly higher in
the case group than in the control group (p
< 0.001). The comparisons of the case and
control groups in terms of age, gender char-
acteristics and scale scores are presented in
Table 2.

During acute COVID-19 infection,
23 (22.5%) participants in the case group
experienced headache and dizziness, 68
(66.7%) experienced loss of smell or taste,
and 13 (12.7%) reported radiologically de-

(S

tected lung pathologies. No significant dif-
ference was identified in mean total MFS
scores between cases with and without a
history of headache and dizziness symp-
toms (p = 0.880). The mean total CFI score
for cases who experienced headache and
J  dizziness was significantly lower than the

Figure 1. Flowchart showing the steps used to recruit participants

Table 1. Descriptive characteristics of the participants

Descriptive Mean + SD
characteristics

Age, years 22.62+2.12
Total MFS score 11.25+5.88

Total CFl score

105.14 £16.92

n (%)

Gender

Female 120 (56.3)

Male 93 (43.7)
COVID-19 history

Present 102 (47.9)

Absent 111 (52.1)
Mental fatigue

Present 98 (46.0)

Absent 115 (54.0)

MFS: Mental Fatigue Scale, CFI: Cognitive Flexibility
Inventory, SD: standard deviation

score for cases without these symptoms
(p = 0.006). No significant differences in
mean total MFS or CFI scores were identi-
fied between cases with and without a history of loss of
smell or taste (p = 0.987 and p = 0.149, respectively). No
significant differences were identified between the mean
total MFS or CFI scores between cases with and without
radiologically detected lung involvement (p = 0.791 and
p = 0.344, respectively). The mean time elapsed since
acute infection was 13.87 months. The cases were divid-
ed into three subgroups based on the time elapsed since
acute infection. In the analysis of variance, no significant
differences were observed in the mean total MFS or CFI
scores among these subgroups (p = 0.063 and p = 0.755,
respectively). Detailed data regarding the clinical charac-
teristics and scale scores of the three case subgroups are
shown in Table 3.

In the univariate logistic regression analysis that in-
cluded all participants, a history of COVID-19 infec-
tion was significantly associated with the development
of mental fatigue (p<0.001, OR: 2.74). The univariate
logistic regression analysis that included only the case
group revealed that female sex and the presence of ra-
diologically detected lung involvement during acute in-
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Table 2. Descriptive characteristics of the patients with a history of COVID-19 and  PASC  development have

controls been identified, including
severe COVID-19 disease

COVID-19 group Control group p presentation,  experiencing

(n=111) (n=102) more than five symptoms in

Age (year) 22.80+1.79 2246 +2.38 0.251 the first week of the disease,
Total MFS score 12,95 + 6.20 9.69+5.12 <0.001 female sex, old age, and the
presence of comorbidities

Total CFl score 100.01 £17.24 109.84 £15.23 <0.001 such as hypertension, type
Gender 2 diabetes mellitus®. The
Female 62 (60.8%) 58 (52.3%) 0.210 majority of patients who are
Male 40 (39.2%) 53 (47.7%) hospitalized for treatment
Mental fatigue during the acute COVID-19
Present 60 (58.8%) 38 (34.2%) <0.001 disease phase exhibit poor
Absent 42 (41.2%) /3 (65.8%) performance in memory and

MFS: Mental Fatigue Scale, CFI: Cognitive Flexibility Inventory

fection were associated with the development of mental
fatigue. In a logistic regression model that included age;
sex; the time elapsed since acute infection; radiologically
detected lung involvement during acute infection; and
symptoms of headache, dizziness, and loss of smell or
taste during acute infection, factors identified as signifi-
cantly associated with the development of mental fatigue
were female sex (p <0.037, OR: 0.38) and radiologically
detected lung involvement during active infection (p <
0.014, OR: 10.74). The results of the multivariate logistic
regression analysis are shown in Table 4.

Discussion

PASC encompasses a wide variety of organ disorders,
and its exact cause is unknown, resulting in challenges
during diagnosis, treatment, and prognostic determina-
tion'?. However, PASC occurs frequently and may be
reversible; therefore, identifying cases presenting with
PASC is important in the clinical setting. Although PASC
has a remarkable clinical presentation, studies on this
subject remain limited. In this study, we obtained evi-
dence that acute COVID-19 infections might lead to the
long-term deterioration of cognitive function.

The most commonly proposed theory for PASC is that
COVID-19 infection triggers an autoimmune process,
resulting in an exaggerated innate immune response ac-
companied by cytokine activation'’. Other factors as-
sociated with an active COVID-19 infection that have
been proposed to contribute to post-infection neurologi-
cal symptoms include micro-embolisms in brain tissue,
small vessel disease, blood—brain barrier dysfunction,
hypoxic-ischemic changes, tissue damage secondary to
oxidative stress, neuro-inflammation, and factors related
to hospitalization (mechanical ventilation and sedative
medications)'®. In addition, several key risk factors for

cognitive tests during clini-
cal screening'’.

In our study, lung involve-
ment was identified as a significant factor associated with
mental fatigue. By contrast, Townsend et al. reported that
long-term COVID-19 symptoms of COVID-19 were
unrelated to disease severity during the acute phase'®.
In addition, long-term symptoms have been reported in
various patients, regardless of the initial disease severity,
including those with mild acute disease!’. Similar long-
term symptoms have also been reported for pediatric
and adolescent individuals, who most commonly experi-
ence asymptomatic or mild COVID-19 infection'®. None
of the participants in our study reported any history of
hospitalization due to COVID-19. The observation of
long-term cognitive symptoms in asymptomatic patients
and those with mild disease suggests that factors other
than disease severity during the acute phase contribute to
the development of long-term symptoms. Inflammatory
markers can remain at high levels for long periods, even
after asymptomatic and mild COVID-19 disease, which
may indicate the development of a chronic inflammatory
state'. Prolonged immune responses to the virus and
prolonged neuroinflammation may play roles in PASC
pathogenesis.

The increased frequency of PASC development among
hospitalized patients and those with severe disease may
be due to the older age of these patients. Older individuals
are more susceptible to the development of cognitive de-
terioration and have a generally poor prognosis following
COVID-19 infection, and many studies evaluating long-
term cognitive changes after COVID-19 have included
older patients in their samples. By contrast, all partici-
pants in our study were university students aged under
25 years. The young age of our study cohort eliminated
the potentially confounding effect of the age-dependent
decreases in cognitive functions from our results.

Regardless of the symptoms experienced or dis-
ease severity, patients with COVID-19 infection pre-
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Table 3. Data on the clinical characteristics and scale scores of the COVID-19 group

COVID-19 group (n=111)

elevation during the post—
COVID-19 period®. In an-
other study, long-term symp-
toms were found to occur

Gender Total MFS score i

Female 62 (60.8%) 13.44 +6.26 0.326 more frequently in the fe-
Male 40 (39.2%) 12.20+6.11 male sex*. Together, these
Total CFl score findings support the hypoth-
Female 62 (60.8%) 9993 + 17.06 0.957 esis that autoimmunity may
Male 40 (39.2%) 100.15+17.73 be a mechanism underlying
Headache and dizziness during Total MFS score long-term COVID-19 symp-
active infection toms. Autoimmune disorders
Present 23(22.5%) 1278 +5.12 0.880 develop more frequently in
Absent 79 (77.4%) 13.00 £ 6.51 women, and in our study, the
Total CFl score female sex was identified as
Present 23 (22.5%) 9147 + 20.55 0.006 a significant risk factor for
Absent 79 (77.4%) 102.50 + 15.41 the development of mental

Loss of smell and taste during Total MFS score fatigue. )
active infection Impaired immune reactions
Present 68 (66.6%) 12.96 + 6.39 0.987 secondary to COVID-19 in-
Absent 34 (33.3%) 12.94 + 591 fection may also contribute
Total CFl score to cognitive decline by af-
Present 68 (66.6%) 101.76 £ 1571 0.149 fecting the central nervous
Absent 34 (33.3%) 96.52 +19.75 system. Neurological symp-
Pulmonary involvement during Total MFS score toms, such as headache and
active infection loss of smell or taste, that pre-
Present 13 (12.7%) 13.38 +4.00 0.710 sent during acute COVID-19
Absent 89 (87.2%) 12.89 £ 6.48 infection have been strongly
Total CFl score associated with impaired per-
Present 13 (12.7%) 95.76 + 19.21 0344 formance in several subtests
Absent 89 (87.2%) 100.64 + 16.96 related to attention, memory,
Time since acute infection (months) Total MFS score and executive function®.
3-6 o5 1130 + 5.33 In our study, we found that
7-12 31 11.96 + 6.06 0.063 the participants with neuro-
>12 46 14.52 +6.49 logical symptoms, including
Total CFl score headache and dizziness, du-
3-6 25 101.88 + 19.47 ring acute infection had lo-
7-12 31 100.45+17.11 0.755 wer total CFI scores, sug-
>12 46 98.71 £ 16.31 gesting that the virus, which

MFS: Mental Fatigue Scale, CFI: Cognitive Flexibility Inventory

has neurotropic properties,
may migrate to the central
nervous system during acute
infection, causing chronic

sent with CD4" and CD8" T cell dysfunction lasting up
to 400 days after acute infection, similar to the T cell
dysfunction observed in autoimmune diseases, and T
cell dysfunction appears even more pronounced in pa-
tients with PASC?. Several COVID-19 characteristics
resemble autoimmune disease, including clinical symp-
toms, the immune response, and pathogenic mecha-
nisms. Autoimmune diseases, such as Guillain-Barré
syndrome and systemic lupus erythematosus, have
been reported to develop following COVID-19 infec-
tion?! 22, Seessle et al. observed several neurocognitive
symptoms associated with antinuclear antibody titer

effects during the late period. However, we detected no
correlation between neurological symptoms and mental
fatigue scores. The decline of cognitive performance of
patients who experience neurological symptoms during
acute infection may resolve over time.

SARS-CoV-2 can enter the central nervous system
through hematogenous routes or by retrograde traffick-
ing between neurons. SARS-CoV-2 RNA may remain in
the brain tissue for a long time, resulting in increasingly
worsening neuronal loss over time*. Studies have sug-
gested that the frontal circuits are preferentially targeted
by SARS-CoV-2, contributing to executive dysfunction.



deggyogy Sz 2023;76(7-8):261-269. 267

Table 4. Results of the multivariate logistic regression analysis of mental fatigue

Mental fatigue

anxiety''. Increased stress
and poor sleep quality during
the pandemic period have

also been proposed as con-

Variables B SE OR p 95% Cl b dnced )
t t t -
Age 0037 0124 0964 0766 0755-1230 . M t;fl o
Gender emotional disorders, such
Male/Female -0.969 0465 0379 0.037  0.152-0.945 as depression, anxiety, and
Headache and dizziness PTSD, which are commonly
during active infection observed after COVID-19
Present -1.045 0.721 0352 0.147  0.086-1.446 infection, can increase cog-
Loss of smell and taste nitive complaints. Quaran-
during active infection tine and isolation measures
Present 0689 0599 0502 0250 0.155-1.623  jmplemented during the
Pulmonary involvement pandemic period have also
during active infection affected eating and physical
Present 2374 0.970 10.742 0.0714  1.605-71.905 activity habits, and an in-
Time since acute infection creased intake of foods high
(month) in simple carbohydrates,
3-6 trans fat, and additives and
7-12 0.925 0.627 2.523 0.140  0.738-8.627 low in nutrient density has
>12 0.704 0.562 2.022 0210  0.673-6.077

been associated with in-

[: standardized regression coefficient, SE: standard error, OR: odds ratio, Cl: confi-

dence interval

Although no direct link between frontal lobe abnormali-
ties and post-COVID-19 cognitive impairment has yet
been established, positron emission tomography (PET)
studies suggest frontal hypometabolism in severe cases'™ %
Hypometabolism was detected in the cingulate cortex
during fluorodeoxyglucose-PET examinations in two
patients with long-term cognitive complaints (brain fog)
following COVID-19 infection, despite a lack of patho-
logical findings on conventional magnetic resonance im-
aging for either patient?®. The cingulate cortex is involved
in many cognitive functions. Previous experimental and
clinical studies have shown that the anterior and posterior
cingulate cortices play roles in emotion, memory, depres-
sion, and action-related decisions®. These brain regions
may experience alterations secondary to both direct viral
invasion and the enhanced inflammatory response during
acute infection, leading to cognitive and mental changes
in these patients.

Other mechanisms underlying cognitive impairment
may include sleep disturbances, physical inactivity, al-
tered eating habits, and emotional changes experienced
by patients after COVID-19 infection. Social isolation,
confinement, hysteria, and anxiety about losing loved
ones during acute infection may contribute to the deve-
lopment of post-infection neuropsychiatric symptoms
and sleep disorders*. Low cognitive flexibility levels
have been associated with rumination, depression, and

creased systemic and neuro-
inflammation®?, which may
also contribute to the deve-
lopment of PASC symptoms.
Rebello et al. suggested that
physical exercise could counteract PASC by enhancing
the anti-inflammatory response, supporting brain ho-
meostasis, and increasing insulin sensitivity*’. Decreased
physical exercise levels may predispose patients to long-
term cognitive impairment following COVID-19 infec-
tion. The development of strategies that include increased
physical exercise, dietary interventions, and stress res-
ponse management may be beneficial by counteracting
the effects of chronic inflammation, contributing to the
retention of cognitive function®.

Our study has some limitations. First, since all par-
ticipants of this study were university students, the re-
sults of the study cannot be generalized to the whole
population in terms of variables such as age, sociode-
mographic characteristics, and years of education. Se-
cond, due to the cross-sectional study design, no cause-
and-effect relationships can be established between de-
pendent and independent variables. Third, we did not
have access to any pre—COVID-19 mental or cognitive
assessments; therefore, we were unable to make any
objective comparisons between pre- and post-infection
cognitive functions. Fourth, data obtained through self-
administered online surveys may be affected by biases,
such as the inability to recall information or the unwill-
ingness to disclose private data. And finally, the lack of
vaccination status, the number of COVID-19 infections,
infections with variants, lack of physical examination
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findings of the patients, and the lack of knowledge of
cognitive performance after acute illness are other limi-
tations of our study.

Conclusions

This study demonstrated that SARS-CoV-2 infection
might have long-term negative effects on cognitive
health. These long-term effects are likely due to a com-
bination of organic and psychogenic mechanisms. The
data obtained from our study can help raise awareness
regarding the emergence of long-term cognitive symp-
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Background and purpose - Neuro-
fibromatosis type 1 (NF1) is a rare, auto-
somal dominant multisystemic disease.

The NFT gene is localized on chromosome
17911.2. Patients with NF1 have different
clinical presentations and comorbidities.
The aim of the present study is to determine
the novel mutations and neurological
comorbidities of NF1.

Methods - Patients who were diagnosed
with NF1 by clinical criteria of the National
Institutes of Health were included in the
study. After a detailed examination, the NF7
gene was analysed with the help of next
generation sequencing technology from pe-
ripheral blood samples via MiSeq (lllumina,
USA). Bioinformatic analyzes were perfor-
med to evaluate the clinical significance of
the detected variants via the international
databanks in accordance with the ACMG
(American College of Medical Genetics)
guideline. In addition, cerebral-spinal MRI,
cerebral angiography, and ENMG examina-
tions were performed if deemed necessary.
Results - Twenty patients (12 female,

8 male) were included in the study. The
mean age was 25.8+10 (10-56) years.
Previously defined 13 different pathogenic
mutations according to the ACMG criteria
were identified in 18 patients. Also, two
novel mutations were detected in 2 cases.
Moreover, neurological comorbidities
(moyamoya disease, multiple sclerosis,
Charcot Marie Tooth Type 1A) were found in
3 patients with NF1.

Conclusion - In the present study two novel
mutations and three different neurological
comorbidities were identified in NF1.

Keywords: neurofibromatosis,
novel mutations, CMT1A, moya-moya,
multiple sclerosis

Neurolégiai komorbiditasok és Gj
mutaciok torokorszagi 1-es tipusu
neurofibromatosisos esetekben
Evlice A, MD; Bisgin A, MD; Kog F, MD

Hattér és cél - Az 1-es tipusu neurofibro-
matosis (NF1) ritka, autoszomalis dominéns
multiszisztémas betegség. Az NFT gén a
17g11.2 kromoszoman lokalizalédik. NF1
esetén a betegek kulonboz6 klinikai megjele-
nési formakkal és kulonbozd tarsbetegségek-
kel jelentkeznek. A jelen tanulmany célja az
NF1 Uj mutacioinak és neurologiai tarsbeteg-
ségeinek meghatarozasa.

Médszerek - A vizsgalatba olyan betegeket
vontunk be, akiknél az amerikai Nemzeti
Egészséglgyi Intézet (National Institutes of
Health) klinikai kritériumai alapjan NF1-et
diagnosztizaltak. A részletes vizsgalatot
kovetSen az NFT gént periférias vérmintak-
bl Ujgeneracios szekvenalasi technoldgia
segitségével elemeztik MiSeq (lllumina, USA)
hasznalataval. A kimutatott variansok klinikai
jelent&ségének értékelésére bioinformatikai
elemzéseket végeztlink a nemzetkozi adat-
bazisokon keresztul, az ACMG (American
College of Medical Genetics) iranyelvének
megfelel6en. Ezenkivll, szUkség esetén
cerebralis-spinalis MR-, agyi angiografias és
ENMG-vizsgalatokat végeztlnk.
Eredmények - HUsz beteg (12 n&, 8 férfi)
kerult bevonasra. Az atlagéletkor 25,8 +

10 (10-56) év volt. Tizennyolc betegnél az
ACMG-kritériumok szerint korabban mar
meghatarozott 13 kilonbdz6 patogén mu-
taciot azonositottunk. Két Uj mutaciot is
kimutattunk két esetben. Ezenkivil, harom
NF1-es betegnél neurolégiai tarsbetegse-
geket (Moyamoya-kor, sclerosis multiplex,
Charcot-Marie-Tooth 1A tipus) talaltunk.
Kovetkeztetés - Jelen tanulmany két (j
mutaciot és harom kilonbozd neurologiai
tarsbetegséget azonositott NF1-ben.

Kulcsszavak: neurofibromatosis,
Uj mutaciok, CMT1TA, Moyamoya,
sclerosis multiplex
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eurofibromatosis (NF) is a genetic disease that af-

fects the development of neural cells. There are
three types of NF: type-1 neurofibromatosis (NF1),
type-2 neurofibromatosis (NF2), and schwannomatosis'.
The most common type is NF1 which is a neurocuta-
neous disease. The incidence of NF1 is approximately 1
in every 2,500 to 3,000 births®. Diagnostic features are
café-au-lait spots, Lisch nodules, axillary freckling, neu-
rofibromas, optic glioma, pseudoarthritis, central and pe-
ripheral nerve tumors'. NF'I gene is located on chromo-
some 17q 11.2. NF1 is an autosomal dominant inherited
disease with full penetrance and variable expressivity.
Individuals with the disease have a 50% risk of trans-
mission to their children. The mutations of NF/ gene are
determined by molecular analysis of more than 95% pa-
tients who meet the criteria of NIH. NF/ gene produces a
protein which is called neurofibromin and acts as a tumor
suppressor gene. Neurofibromin levels are reduced by
mutations of NF/ gene. Decreased levels of neurofibro-
min lead to the development of tumor'. NF1 is diagnosed
by clinical criteria of the National Institutes of Health
(NIH)*. Until now different signs had been detected as
well as genetic variations in NF1. The aim of the present
study is to determine novel mutations and neurological
comorbidities of NF1.

Method

The NF-patients were admitted to outpatient clinics
(Medical Genetic/Neurology) from different departments
for and with genetic evaluation. Patients diagnosed with
NF1 by clinical criteria of National Institutes of Health?
were included in the study. After detailed physical and
brain examinations, if considered necessary, cerebral-spi-
nal MRI, cerebral angiography, and electrophysiological
studies were performed.

In addition, NF1 whole gene sequence analysis was
performed in all patients. Peripheral blood samples from
patients were collected. Genomic DNA was extracted
with QIAamp DNA Blood Midi Kit (Qiagen, Hilden,
Germany). Genomic DNAs were fragmented and then
barcoded with molecular indexes for sample identifica-
tion. All encoded exons and their neighboring regions
were amplified via PCR primers (Scientific & Education-
al Software PRIMER © — Primer Designer v.2.0) for tar-
get enrichment. Library preparation steps were made us-
ing [llumina Nextera XT kit. Then, prepared library was
next generation sequenced via [llumina MiSeq next gen-
eration sequencing platform (Illumina, San Diego, CA,
USA). The sequences were aligned to the hgl9 genome
MiSeq Reporter software (Illumina Inc.) after quality
control assessments of the raw data. SN'Vs (single nucle-
otide variations) and MNVs (multi nucleotide variations)
excluding CNVs (copy number variations) were investi-
gated via further analysis. The analyses were performed

for the genetic variations using IGV 2.3 (Broad Institute)
software using hg19 (GRCh37) reference sequence. Vari-
ant classifications were made accordingly with the Amer-
ican College of Medical Genetics and Genomics and the
Association for Molecular Pathology (ACMG) Guide-
line*. In silico analyzes were made in cases with novel
variations by using prediction tools such as SIF7T, Poly-
Phen 2, and MutationTaster. In addition, 5 of 25 STR
markers (AC005838, D17S2218, D17S2220, D17S2227,
D17S2229) were investigated for the presence of dupli-
cation in 17pl1.2-12 PMP 22 in the case with Charcot
Marie Tooth type 1A. STR marker sites on the dupli-
cated region were amplified via polymerase chain reac-
tion, electrophoresed through 8% polyacrilamide gel, and
evaluated for duplication.

The local ethical committee approved the study (Ethi-
cal committee of Cukurova University, meeting no: 102),
and all subjects (or legal guardians) signed to informed
consent.

Results

Twenty patients (12 female, 8 male) were included in the
study. None of the patients were related to each other. The
mean age was 25.8 £ 10 (10-56) years. All of the patients
had six or more café-au-lait macules, freckling in the ax-
illary, and two or more Lisch nodules. All cases (n: 20)
had disease-causing mutation, 18 of 20 cases had the pre-
viously identified mutations according to Human Gene
Mutation (HGMD) (n: 10) and Clinical Variant (ClinVar)
(n: 3), also two novel mutations were determined (case
no: 1, 2) (Table 1). Besides three different neurological
comorbidities [Charcot-Marie-Tooth disease type 1A
(CMT1A), Moya-Moya disease, and multiple sclerosis
(MS)] were defined. Mutations of comorbidities were
previously identified (Tables 1., 2).

A female patient (case no: 1) who was 43 years old,
was consulted by the dermatology clinic for neurological
evaluation, she hadn’t any neurological complaints. The
result of the neurological examination was normal. Only
dermatological signs of NF1 were seen on physical ex-
amination. p.1784 A1785del (c.5351 5356delATGCTT)
(Heterozygous) mutation was detected in case no 1. This
mutation was accepted as an uncertain change of clinical
importance as a result of analyzes with in silico evalua-
tions. The mutation was accepted as an etiology of NF1
due to frame shifting and early stop codon formation. The
mutation was not previously identified and it was accept-
ed as a novel mutation (NM_001042492) (Tables 1., 2).

A male patient (case no: 2) who was 42 years old
was accepted to the clinic with positional vertigo. The
dix-hilpike test was positive on the examination. His
complaint improved by the Epley maneuver. p.T1630*
(c.4887 _4890delGACT) (Heterozygous) mutation was
detected in case no 2. The mutation was determined as
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Table 1. Mutation types of diagnosed with NF1

CN G-A Mutation Mutation ID

1 F-43 p.Y1784_A1785del (c.5351_5356delATGCTT) NM_001042492

2 M-42 p.T1630%(c.4887_4890delGACT) NM_001042493

3 F-36 p.R11765fs*18 (C.3525_3526delAA) CD000971 (HGMD)

4 M-22 p.M991Dfs*29 (c.2970_2971delAA) CD921025 (HGMD)

5 M-21 p.M991Dfs*29 (c.2970_2971delAA) CD921025 (HGMD)

6 F-20 p.R1362% (c.4084C>T) CD971046 (HGMD)

7 M-46 p.R1362%* (c.4084C>T) CD971046 (HGMD)

8 M-17 p.R1362* (c.4084C>T) CD971046 (HGMD)

9 F-21 p.T586Vfs*18(c.1754_1757delTAAC) RCV000467300.18 (CVDA)
10 F-32 p.L1511P (c.4532T>C) VCV001209570.6 (CVDA)
11 M-35 p.E1020%(c.3058G>T) VCV000839592.6 (CVDA)
12 F-35 p.K144E (c.4330A>Q) CM920506 (HGMD)

13 F-31 p.K144E (c.4330A>Q) CM920506 (HGMD)

14 F-28 p.K144E (c.4330A>Q) CM920506 (HGMD)

15 F-54 p.R1276%(C.3826C>T) Cl951961 (HGMD)

16 F-27 p.K22655fs*3 (€.6794_6794delA) CD000994 (HGMD)

17 M-30 p.R440* (C.1318C>T) CD950845 (HGMD)

18 M-33 VS27-2A>G (c.3709-2A>G) (CS971825 (HGMD)

19 F-28 p.1679Dfs*21 (c.2033_2034insC) CM950847 (HGMD)

20 F-29 p.H553R (C.1658A>G) HMO0703 (HGMD)

CN: case no, G-A: gender-age, F: female, M: fale, HGMD: human gene mutation database identity, CVDA: clinical variant database

accesion, NM: novel mutation

the cause of NF1 according to Mutation-
Taster data and early stop codon formation.

Table 2. Neurological findings of diagnosed with NF1

The mutation was not previously identified =~ CN Gender Age Mutation Neurological Findings
and it was accepted as a novel mutation female 43  novel none
(NM—00104249?) (Tables 1., 2). 2 male 42 novel positional vertigo
A female patient (case no: 3) who was
36 years old was accepted to the clinic _3___female 36  known multipl sclerosis
with paresthesia on the left arm for one 4  male 22 known Charcot-Marie-Tooth disease type 1A
week. Bilateral Hoffman/Tromner reflexes ¢ female 20  known Moya-moya disease
were shown on examination. Multiple MS M- cose 1o

plaques were seen on cerebral and spinal
MRI, and some of them were enhanced
by gadolinium (Image: 1). Oligoclonal
band was found as positive in cerebrospinal fluid.
p.R1176Sfs*18 (C.3525 3526delAA) (Heterozygous)
(HGMD ID: CD000971) mutation was determined by
analysis of NFI gene. The mutation was previously
identified (Tables 1., 2).

A male patient (case no: 4) who was 22 years old was
admitted to the clinic with leg weakness for 3 years.
He was diagnosed with NF1 at the age of 9 years old.
There were bilaterally glove and stocking hypoesthe-
sia, absence of vibration, mild weakness (4/5) in knee

flexion and extension, and bilaterally on lower extrem-
ities in dorsiflexion and plantar flexion (0/5 and 1/5).
Deep tendon reflexes were absent in all extremities.
Also atrophy (intrinsic and peroneal muscle groups),
pes cavus, and hammer toes were shown. Demyelin-
ating sensorimotor polyneuropathy was determined
in an electrophysiological study (Table 3). Duplica-
tion of the PMP22 gene was determined by molecular
analysis which was performed with STR17 method
(D17S222017 marker) (Image: 2). This result support-
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Table 3. Electrophysiological study of case No 3

determined in 2 of 20 cases (case no: 1, 2)
(Tablel). In addition, three different comor-

Side Motor/ Nerve Terminal bidities (CMT1A, Moya-Moya, and Mul-
Sen- Latency(ms) Interval Velocity ~Amplitude tiple Sclerosis) were observed in patients
i M F  (am) (m/sed) (mV) with NF1.
. . In case no 3, a mutation known as
right  motor (rzggl)an 5.1 30.1 82 16.3 2.2 “pR1362  (c.4084C>T) (Heterozygous)
. . (HGMD ID: CD971046)” was determined.
right  motor (ljlga,\;l')s 48 312 70 218 26 Case no 3 who had paresthesia in the left
-~ - arm was diagnosed with MS+NF1. In the
right  motor E/‘MfL;S - literature, fifteen cases have been reported
- . ‘ with MS+NF1%7. Some authors have sug-
e motor (pEeE;;)na - gested that this comorbidity may be as-
- - sociated with mutations of neurofibromin
right sensory median - . . ;
2. finger) protein or oligodendrocyte-myelin glyco-
; ; protein (OMG) genes®.
right  sensory ulnaris - .
(5. fingen) In cases no 4, 5, a mutation known as
ot semsorv suralie - “p.M991Dfs *29 (c.2970 2971delAA (He-
& Y terozygous) (HGMD ID: CD921025)” was
left sensory suralis -

detected (Tables 1., 2). Case no 4 was

Image 1: MS Plagques of Case No 3

Image 2: PCR amplification with STR marker

Band 1: ACO05838 (4A), Band 2; D1752218, Band 3: D1752220
Band 4: D1752227, Band 5, D1752229

Image3: Case No 6; hamartomas (a, b) and puff of smoke sign (c, d)

M: motor, F: F response, APB: abductor pollicis brevis, ADM: abductor digiti

mini, AHL: abductor hallucis longus, EDB: extensor digiti brevis

ed that the diagnosis of case no 4 was CMT1A. His
parents were not relatives, and had no family history
of CMT1A. Also p.M991Dfs*29 (c.2970 2971delAA)
(Heterozygous) (HGMD ID: CD921025) was deter-
mined by analysis of NFI gene. That mutation was
previously identified (Tables 1., 2).

A female patient (case no: 6) who was 20 years old
was accepted to the clinic with a headache. The results
of the examination of sensation, motor, cerebellar, pyra-
midal, and extrapyramidal systems were in normal range.
Cerebral hamartomas were shown on MRI. The puff of
smoke sign of Moya-moya was shown on cerebral an-
giography (Image: 3). thep.R1362* (c.4084C>T) (Het-
erozygous) (HGMD ID: CD971046) was determined by
analysis of NF'/ gene. The mutation was previously iden-
tified (Tables 1., 2).

Discussion

The NF1 is a large gene, encompassing 55 constitutive
exons as well as five alternatively spliced exons. Until
now more than 3600 different pathogenic NF/ variants
have been reported®. In the present study, 13 different
known mutations were observed in 18 of 20 patients
which were previously identified and associated with
the disease pathogenesis. Also two novel mutations were

diagnosed with CMTIA+NF1. CMTIA
is an autosomal dominant inherited dis-
ease which is a hereditary demyelinating
polyneuropathy. CMT1A has duplication
of PMP22 gene localized on chromosome
17p11.2-12. In the literature, there are 4
cases with CMT1A+NF1%!°. Both Onu et
al. and Roos et al. had described a patient,
and Lupski et al. detected two patients with
CMTI1A+NFI1. Lupski et al. suggested that by the mo-
lecular analysis of CMT1A and NFA they are autosomal
dominant diseases that can occur in the same individual
secondary to a chance phenomenon. The present study
supported the opinion of Lupski et al., because case no 4
hadn’t a family history of CMT1A, and had the same mu-
tation as case no 5 who hadn’t a family history (Tables
1.,2).

In cases no 6, 7, 8, a mutation known as thep.R1362*
(c.4084C>T) (Heterozygous) (HGMD ID: CD971046)
was determined. Case no 6 was diagnosed with Moya-
Moya+NF1. Both NF1 and Moya-moya patients can
have cerebral artery stenosis, cerebral aneurysm, arte-
riovenous malformation, and fistula''*. Both of them
may be accompanied by cerebrovascular events due to
artery stenosis. Despite comorbidity of NF1 and Moya-
moya having been reported in childhood in literature'> !4,
our case was 20 years old. While Moya-moya disease
is localized in chromosome/7¢25, NF1 is localized in
chromosome /7¢11.2. Despite the nearness between NF/
(17q11.2) and Moya-Moya (17¢25) genes, until now a
definite relationship between these diseases couldn’t be
demonstrated.

Before the present study, few molecular studies were
published about NF1 in Turkey'*"". Ulusal et al. present-
ed 3 novel and 12 known pathogenic variants'>, Ece SA et
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al. presented 17 novel and 41 identified variants'®. Sharifi
S et al. showed 11 novel and 11 identified variants'’. In
the present study, we detected two novel and 13 identi-
fied variants. Additionally, unlike the other 3 studies, we
reported three comorbidities (Moyamoya Disease, Mul-
tiple Sclerosis, Charcot Marie Tooth Type 1 A) in patients
with NF1.

NF1 patients have shorter survival time than the gen-
eral population. NF1 increases the risk of malignancy
and vasculopathy. The fibroma of optic nerve and brain
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A demografiai és klinikai faktorok hatasa
a poststroke afazia sulyossagara
ZAKARIAS Lilla"2 3@, VASARI Vivien2®, LUKACS Agnes*5

'E6tvos Lorand Tudomanyegyetem, Barczi Gusztav Gyégypedagogiai Kar,
Gydgypedagogiai Mddszertani és Rehabilitacios Intézet, Budapest
2Orszagos Mozgasszervi Intézet - OORI, Budapest

3EOtvos Lorand Tudomanyegyetem, Bolcsészettudomanyi

Kar, Alkalmazott Nyelvészeti és Fonetikai Tanszék

*MTA-BME Lendulet Nyelvelsajatitas Kutatocsoport

*Budapesti MUszaki és Gazdasagtudomanyi Egyetem, Kognitiv Tudomanyi

Tanszék, Budapest

Hattér és cél - A poststroke afazia sulyos-
saga szamos demografiai, laesiospecifikus
és klinikai faktorral 6sszefuggést mutathat,
az eredmények azonban az egyes faktorok
jelent8ségét tekintve ellentmonddak. A jelen
kutatas célja a demografiai és klinikai fakto-
rok afaziasulyossagra, valamint a receptiv és
az expressziv nyelvi képességekre gyakorolt
hatasanak vizsgalata volt magyar anyanyelv(
mintan.

Médszerek - A kutatasban 94, tdbbségében
egyoldali, bal féltekei stroke (87,88%) utani
afazidt mutatd személy vett részt. TObbszo-
ros stepwise linearis regresszié segitségével
vizsgaltuk a lehetséges prediktorok - nem,
életkor, iskolazottsag, az agyi torténés ota el-
telt id6, etioldgia, lokalizacio, kisérbetegségek
kovetkeztében kialakuld patoldgias agyi elval-
tozasok és egyéb neurogén kommunikacios
zavarok/nyelészavarok tarsulasa - és a nyelvi
kimenet kozotti kapcsolatot. Kimeneti valto-
z6ként a Magyar Afazia Szlrdétesztben elért
dsszpontszamot, a sz(réteszt receptiv nyelvi
mutatojat és a szlrbteszt expressziv nyelvi
mutatoéjat emeltik a regressziés modellbe.
Eredmények - Mintankban az alacsony
iskolai végzettség, a patoldgias elvalto-

zasok (fehérallomanyi hipodenzitdsok/
hiperintenzitdsok és subcorticalis lacunaris
laesiok) megjelenése és a beszédapraxia
tarsulasa sulyosabb afaziaval, a patoldgias
elvaltozasok és a beszédapraxia tarsulasa
alacsonyabb expressziv nyelvi teljesitmény-
nyel jart egyltt. Az iskolai végzettség, a
patoldgias elvaltozasok megjelenése és a
nem a receptiv nyelvi teljesitményt jésolta be
(mindharom modell esetén p < 0,05).

| https://doi.org/10.18071/isz.76.0275 | www.elitmed.hu

The effects of demographic and clinical
factors on the severity of poststroke
aphasia

Zakarias L, PhD; Vasari V; Lukacs A, PhD

Background and purpose - Poststroke
aphasia severity is related to several demo-
graphic, lesion-specific, and clinical factors.
However, results about the importance of
these factors are controversial. The aim of
the current study was to investigate the
effects of demographic and clinical factors
on aphasia severity as well as on expressive
and receptive language skills in a sample of
Hungarian-speaking people with aphasia.
Methods - Ninety-four people with aphasia
with mainly unilateral left-hemisphere stroke
(87.88%) participated. We used multiple
stepwise linear regression to investigate the
relationships between potential predictors -
i.e., sex, education, time postonset, etiology,
lesion localisation, pathological changes in
the brain caused by small vessel disease,
and other neurogenic communication dis-
orders/swallowing disorders - and language
outcome. As outcome variables, we used
the total score, the receptive score, and the
expressive score of the Hungarian Aphasia
Screening Test.

Results - Less years of education, patho-
logical changes in the brain (white matter
hypodensities/hyperintensities and subcorti-
cal lacunar lesions) and apraxia of speech
were associated with more severe aphasia.
Pathological changes and apraxia of speech
were also associated with lower expressive
language skills in aphasia. Finally, education,
pathological changes, and sex predicted re-
ceptive language skills in poststroke aphasia
(p < 0.05in all three models).

Conclusion - Pathological changes, apraxia
of speech, education, and sex may affect
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Kovetkeztetés - A patoldgias elvaltozasok
és a beszédapraxia tarsulasa, az iskolazott-
sag és a nem hatassal lehet a nyelvi kimenet-

language outcome in poststroke aphasia. We
discuss our findings in light of the results of
previous studies.

re poststroke afazia esetén. Eredményein-
ket a nemzetkozi szakirodalom tUkrében

részletesen targyaljuk.

Kulcsszavak: stroke, afaziasulyossag,
Magyar Afazia SzUr6teszt, kisérbetegség,

felépulés

stroke egyik legsulyosabb kovetkezménye az afazia,
mi jelentdsen befolyasolhatja a személyek kommu-
nikacios képességeit ¢és életmindségét. Az afazia stlyos-
saga nemcsak a laesio méretével és elhelyezkedésével,
valamint a kezdeti tiinetek stulyossagaval all 6sszefiiggés-
ben, hanem szamos mas tényezdével is. Az alabbiakban
bemutatott kutatas célja, hogy nagyobb magyar anya-
nyelvii mintan vizsgalja a demografiai és klinikai fakto-
rok hatasat az afazia stulyossagara, valamint a receptiv és
az expressziv nyelvi képességekre.

Az eddig sziiletett eredmények Osszegzését ¢s a tisz-
tanlatast neheziti, hogy bar a tanulmanyok legtobbszor a
felépiilés kontextusaban vizsgaljak az afaziasulyossagra
hato tényezoket, sokszor eltéréen hatarozzak meg €s mé-
rik a felépiilést. Mig egyesek az egy megadott idépont-
ban, jellemzdéen a szubakut vagy kronikus szakaszban
mért afaziasulyossagot hasznaljak a felépiilés mutatoja-
ként'3, masok két idépont kozott bekovetkezett valto-
zasként — jellemzéen egy kezdeti, akut és egy késébbi,
kronikus szakaszban mért sulyossagi mutato kiilonbsége-
ként — hatarozzak meg a felépiilést*. Jelen tanulmanyban
toreksziink a két fogalom szétvalasztasara, és a ,,nyelvi ki-
menet” vagy az ,,afaziasulyossag” kifejezést hasznaljuk,
amikor a szerzok az elsé értelmezésben utalnak a felépii-
Iésre, és a ,,felépiilés mértéke” vagy a ,,fejlédés mértéke”
kifejezést hasznaljuk, amikor a masodik értelmezésben
jelenik meg a fogalom a szakirodalomban. Az eredmé-
nyek értelmezése és a megfelelé konkluziok levonasa
szempontjabol fontos ezeket szétvalasztani. Ennek jelen-
tésége konnyen megérthetd az alabbi példan keresztiil:
egy kezdetben kozepesen stulyos Broca-afaziaval diag-
nosztizalt személy esetében a fejlodés mértéke nagyobb
lehet, mint egy enyhe anomikus afaziat mutatd személy
esetében, mikdzben a hosszu tava nyelvi kimenet kedve-
z6bb lehet az andmikus afazias személy esetében, mint
a Broca-afazias személy esetében. Sokszor az attekintd
tanulmanyokbdl sem deriil ki, hogy a szerzék hogyan de-
finialjak a felépiilést, illetve, hogy figyelembe veszik-e
a tanulmanyok bevalogatasanal és az eredmények értel-

Keywords: stroke, aphasia severity,
Hungarian Aphasia Screening Test,
small vessel disease, recovery

mezésénél a fent emlitett kiillonbséget. A jelen tanulmany
fokuszaban az egy idOpontban mért afaziasulyossagra
(nyelvi kimenetre) hatd tényezok vizsgalata all.

Demografiai faktorok
és afaziasulyossag

Friss attekintések szerint a demografiai faktorok ¢és
az afaziabol torténd felépiilés kozott gyenge a kapcso-
lat> ¢, azonban néhany demografiai faktor (példaul a
paciensek életkora a stroke idején) hatassal lehet az
afaziasulyossagra és egyes nyelvi képességekre'=. Osa
Garcia és munkatarsai' eredményei szerint a laesio mé-
rete, az arcuatus fasciculus érintettsége és integritasa, va-
lamint a kezdeti (atlagosan két nappal a stroke utan mért)
afaziasulyossag mellett az életkor is Osszefliggést mutat
az afaziastlyossaggal 7—15 nappal a stroke utan. Hason-
16képpen, Lee és munkatarsai’ diffuzios tenzor képalkoto
(diffusion tensor imaging, tovabbiakban DTI) vizsgala-
tukban egyes laesiospecifikus faktorok mellett a stroke
idején mutatott életkor és a beszédértés megtartottsaga
kozott azonositottak kapcsolatot: minél fiatalabb volt va-
laki a stroke idején, annal jobb teljesitmény volt tapasz-
talhatd a beszédértés teriiletén két héttel a stroke utan.
Johnson és munkatarsai® vizsgalata kronikus afaziaban
(stroke 6ta eltelt id6 minimum 6 hdnap) erdsitette meg az
¢letkor és az afaziasulyossag kozotti 6sszefiiggést. Kuta-
tasukban a demografiai faktorok koziil a nem nyelvi kog-
nitiv képességek, az agyi torténés ota eltelt ido €s a stroke
idején mutatott életkor bizonyult az afaziasulyossag szig-
nifikans prediktoranak?.

Bar egyes eredmények szerint a poststroke afazia eld-
fordulasa gyakoribb ndknél” (ellentétes eredményekért
lasd a 8. hivatkozast), és enyhébb formaban jelentkezik a
ndk korében’® (ellentétes eredményekért lasd a 10. hivat-
kozast), mas kutatasok nem talaltak egyértelmi kapcso-
latot a nem és az afaziasulyossag kozott'!. Hier és mun-
katarsai'? az afazia tipusaban talaltak nemi kiilonbséget,
amit etiologiai faktorokkal — a sziv eredetii embolias
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ischaemias stroke nék korében torténd gyakoribb eld-
fordulasaval — magyaraztak. Mintajukban (n = 1805) a
Wernicke- €s az andmikus afazia gyakoribb volt a ndk,
a Broca-afazia gyakoribb volt a férfiak korében. Az in-
konzisztens eredmények a nem ¢és egyes laesiospecifikus
faktorok, példaul a stroke tipusa és a laesio lokalizacidja
kozotti bonyolult kapcesolatnak is koszonhetok.

Az iskolazottsag és szociodkonomiai statusz ha-
tasat tekintve mostanaig szintén nem sziiletett kon-
szenzus. Retrospektiv kutatasukban Connor és mun-
katarsai'® 39 afazias személynél vizsgaltak az iskola-
zottsag €s a szociodkonomiai statusz kapcsolatadt az
afaziasulyossaggal és az afaziabol torténd felépiiléssel. A
szerzOk azt talaltak, hogy minél alacsonyabb az iskola-
zottsag ¢s a premorbid foglalkoztatottsag szintje, annal
sulyosabb az afazia, rovidebb és hosszabb tavon is (atla-
gosan négy hdonappal és 8,6 évvel a stroke utan). Ugyan-
akkor nem talaltak kapcsolatot a szociookonomiai statusz
¢és az afaziabdl torténd felépiilés (azaz a két idopont ko-
z6tti nyelvi fejloddés) mértéke kozott. Eredményeik mod-
szertani korlatok miatt dvatosan kezelenddk, a szerzok
ugyanis sem a szociodkondmiai statusz mérési modsze-
rét, sem a vizsgalt minta jellemzdit nem dokumentaltak
kell6 részletességgel. Ahogy Reis és Petersson' ravila-
git, az afaziastilyossag meghatarozasara hasznalt Boston
Aphasia Diagnostic Examination az egészséges, nem
afazias populacioban is érzékenységet mutat az iskola-
zottsagra és egyes szociookonomiai faktorokra, amit fel-
tétleniil figyelembe kell venni az eredmények értelmezé-
sénél. Az értelmezést az is neheziti, hogy az iskolazottsag
és a szociookonomiai statusz szamos mas faktorral, pél-
daul a nem nyelvi kognitiv képességekkel és a premorbid
intelligenciaval, valamint a miiveltségi szinttel is szoros
kapcsolatban all.

Klinikai faktorok
és afaziasulyossag

A jelen tanulmanyban a laesiospecifikus és a paciens al-
talanos egészségével kapcsolatos (példaul premorbid cu-
korbetegség, a sportolas gyakorisaga, body mass index)
faktorokat egyiittesen a klinikai faktorok elnevezés alatt
targyaljuk. Az egészséggel kapcsolatos faktorok kozott
tartjak szamon a kisérbetegségek kovetkeztében kialaku-
16 kronikus fehérallomanyi elvaltozasokat, azaz a fehér-
allomanyi hiperintenzitasokat is, melyek jelentéségére
az utdbbi évek kutatasai hivtak fel a figyelmet afazidban
(részletesen lasd késébb).

A laesio volumenének (masképpen méretének) hatasat
tekintve egybehangzoak az eredmények: minél nagyobb
a laesio, annal sulyosabb afézia jelentkezik’. A laesio
mérete a felépiilés mértékére és a prognozisra is hatas-
sal lehet: a nagyobb laesio jellemzden kisebb mértékii
fejlédéssel jar egyiitt®. Plowman és munkatarsai® szerint
a laesio mérete mellett a laesio lokalizacidja a felépiilés

legerésebb prediktora. Corticalis laesio esetén sulyosabb
afazia jelentkezhet, mint subcorticalis laesio esetén® b
A szoértési és szemantikus feldolgozasi zavar mértéke
egyiitt jart a bal posterior temporalis ¢s inferior parietalis
tertiletek sériilésének mértékével's.

Az afaziasulyossag egyes fehérallomanyi palyak sérii-
1ésével is Osszefliggést mutathat! . Korabbi eredmények
szerint a dorsalis nyelvi palya részét képezd arcuatus
fasciculus (AF) az expressziv-receptiv nyelvi képessé-
gekben, a superior longitudinalis fasciculus (SLF) az
ismétlésben és az expressziv-receptiv szintaktikai folya-
matokban, a ventralis nyelvi palya részét képez6 inferior
frontooccipitalis fasciculus (IFOF) pedig a szemantikai
folyamatokban tolt be fontos szerepet. Lee és munkatar-
sai'” DTI-vizsgalataban az SLF, AF és IFOF frakcionalis
anizotropiaja (ezen rostkotegek integritasanak egyik mu-
tatoja) a Western Aphasia Battery (WAB) valamennyi
részteriiletén (fluencia, auditiv verbalis megértés, ismét-
1és, megnevezés) mért teljesitménnyel korrelalt 25 nap-
pal a stroke utan. Hasonloképpen, Osa Garcia és mun-
katarsai' az afaziasulyossag és a bal AF megtartottsaga,
valamint a jobb AF frakcionalis anizotropiaja kozott azo-
nositott kapcsolatot 7—15 nappal a stroke utan.

A laesiospecifikus faktorok jelentségére tobb tanul-
many is felhivja a figyelmet. Lee és munkatarsai® ret-
rospektiv kutatasukban két héttel és harom honappal a
stroke utan vizsgaltak az afaziastlyossagra hato ténye-
zOket tobb mint 60 paciens adatain. A kimeneti valto-
z0k kozott a koreai WAB-bal szamithato afaziakvociens
(WAB-AQ) ¢és a WAB egyes részpontszamai szerepel-
tek. Az eredmények szerint a stroke utan két héttel mért
afaziasulyossagot a National Institutes of Health Stroke
Scale-en elért pontszam (NIHSS-pontszam), valamint
a laesio volumene és lokalizacidja josolta be: a maga-
sabb WAB-AQ (enyhébb afazia) alacsonyabb NIHSS-
pontszammal (enyhébb stroke-kal), valamint kisebb ki-
terjedésli és a subcorticalis teriileteket érint6 laesioval
allt kapcsolatban. A nyelvi teriileteken nyujtott jobb telje-
sitmény (magasabb fluencia, jobb ismétlés és jobb meg-
nevezés) alacsonyabb NIHSS-pontszammal és kisebb
volumeni laesioval allt kapcsolatban. A jobb megértés
ugyancsak alacsonyabb NIHSS-pontszammal, valamint
a stroke idején alacsonyabb életkorral, a jobb ismétlés
— a fent emlitettek mellett — a subcorticalis laesioval allt
kapcsolatban két héttel a stroke utan. Harom hénappal a
stroke utan csak a kezdeti afaziastlyossag és a depresz-
szi6 diagnozisa bizonyult szignifikans prediktornak: a
sulyosabb afazia stlyosabb kezdeti afaziaval és tarsulo
depresszidval allt kapcsolatban. A szerzok nem talaltak
Osszefiiggést az afaziastlyossag és egyéb demografiai
faktorok kozott.

Lahiri és munkatarsai'® az afaziastlyossdg demogra-
fiai és laesiospecifikus prediktorait az afazia korai sza-
kaszaban, a stroke utani elsé hétben vizsgalta (n = 208).
Az aféaziastlyossag mutatdjaként a WAB bengali valto-
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zataval szamithato WAB-AQ-t hasznaltak. A vizsgalt de-
mografiai faktorok az életkor, a nem, az iskolai évek sza-
ma ¢és a kétnyelviiség voltak, a klinikai faktorok a stroke
tipusa (infarktusos vagy vérzéses), a laesio volumene,
a laesio clhelyezkedése (corticalis, subcorticalis vagy
kevert corticalis-subcorticalis) €s az afazia tipusa. A ki-
meneti valtozot a WAB-ban nyujtott teljesitmény binaris
mutatoja (sulyos vagy nem stlyos) képezte a tobbszords
logisztikus regresszids elemzésben. Eredményeik szerint
a stroke tipusa, a laesio volumene ¢s az afazia tipusa jo-
solta be az afaziasulyossagot: a korai szakaszban a vér-
z¢éses stroke, a nagyobb volumeni laesio és a non-fluens
afazia stlyosabb afaziaval allt kapcsolatban. A demogra-
fiai faktorok és az afaziasulyossag kozott a szerzok nem
talaltak szignifikans kapcsolatot.

Wilmskoetter és munkatarsai’® a kisérbetegségek
okozta fehérallomanyi hiperintenzitasok (white matter
hyperintensities, WMH) sulyossaga és a fehéralloma-
nyi rostkotegek szama és hossza, valamint az afazia si-
lyossaga kozotti kapcsolatot vizsgaltak kronikus afazia-
ban. A kutatasban 48 afazias személy vett részt, akiknél
unilateralis bal féltekei stroke tortént, atlagosan 54 ho-
nappal a kutatas elott. A WMH jelenlétét és sulyossagat a
négyfokozati Fazekas-skalaval értékelték, valamint DTI
traktografiaval a fehérallomanyi rostkdtegek szamat és
hosszat is megbecsiilték Osszesen 384 sziirkeallomanyi
régid kozott. Az eredmények szerint a periventricularis
WMH sulyossaga szignifikans hatassal volt az afazia-
sulyossagra, és ezt a hossza és rovid rostkotegek szama
egyarant medialta. A stlyosabb periventricularis WMH
kevesebb hosszu rostkoteggel allt kapcsolatban, a ke-
vesebb hosszl rostkoteg pedig sulyosabb afaziaval. Az
eredmények arra utalnak, hogy a WMH mellett a fehér-
allomanyi hossza rostkdtegek szama is az agy egészsé-
gének mutatoja lehet. Végezetiil, a WMH sulyossaga az
afaziabdl torténd felépiilés mintazataira* és a nyelvi te-
rapia eredményeként bekovetkezd fejlédés mértékére® is
hatéssal lehet.

A jelen kutatas motivacidja és
célja

Az eddigi eredmények azt mutatjak, hogy a stroke-kal
kapcsolatos egyes faktorok (példaul a laesio mérete és
elhelyezkedése, valamint a kezdeti afdzia sulyossaga)
Osszefliggést mutatnak a késébbi nyelvi kimenettel.
A demografiai faktorok koziil az életkor és a postonset
(az agyi torténés oOta eltelt id6) szintén hatassal lehet az
afaziasulyossagra. Ezzel szemben a nem és az iskolazott-
sag hatasat tekintve inkonzisztensek az eredmények. A
kisérbetegségek kovetkeztében kialakuld elvaltozasok
megjelenésének ¢s sulyossaganak poststroke afaziakkal
mutatott Osszefliggéseit mostanaig kevesen vizsgaltak,
az eredmények azonban arra utalnak, hogy a WMH az
afazia stlyossagara, a felépiilés mintazataira és a nyelvi

terapiara torténd fogékonysagra egyarant hatassal lehet.
Ajelen vizsgalat célja az volt, hogy nagyobb magyar anya-
nyelvil poststroke mintan megvizsgaljuk egyes demogra-
fiai és klinikai faktorok hatasat az afaziastlyossagra, va-
lamint a receptiv és az expressziv nyelvi képességekre.
A vizsgalat egy longitudinalis kutatas keretében zajlott
(FK 131828).

Médszerek
Vizsgalati személyek

A vizsgalatban Gsszesen 94, tobbségében egyoldali, bal
féltekei stroke (87,88%) utani afaziat mutatd személy (47
no; atlagéletkor = 59,78 év; postonset atlaga = 15,51 ho-
nap) vett részt. A vizsgalati személyek demografiai és kli-
nikai jellemzdit az 1. tablazatban foglaltuk 6ssze. Vala-
mennyi személy magyar anyanyelvl volt. A vizsgalatba
bevont személyek valamennyien a stroke orvosi diagno-
zisaval és a Western Aphasia Battery (WAB?') alapjan az
afazia logopédiai diagnozisaval rendelkeztek (WAB-AQ
atlaga = 62,21; terjedelem = 3,20-93,70). A paciensek
39,36%-a (n = 37) andmikus, 26,60%-a (n = 25) Broca-,
14,89%-a (n = 14) transcorticalis motoros, 6,38%-a glo-
balis (n = 6), 6,38%-a (n = 6) vezetéses és 6,38%-a (n =
6) Wernicke-afaziat mutatott. Kizard kritériumot jelentett
a premorbid kozepes/sulyos hallas- vagy latascsokkenés,
a pszichiatriai betegség (példaul depresszid, alkoholfiig-
g6ség) ¢és az egyéb neuroldgiai betegség (dementia, Alz-
heimer-kor, Parkinson-kor, sclerosis multiplex stb.) diag-
nézisa. A paciensek 62,77%-anak infarktusos, 21,28%-
anak vérzéses ¢és 15,96%-anak kevert (infarktusos és
vérzéses) stroke szerepelt a kortorténetében. Az agyi
képalkotd vizsgalatokrol (CT vagy MRI) késziilt szove-
ges szakvéleményekben 14 esetben (14,89%) irtak le tar-
sulo fehérallomanyi periventricularis hipodenzitasokat/
hiperintenzitasokat, 6t esetben (5,32%) bal féltekei vér-
z¢s vagy infarktus mellett megjelend kronikus lacunaris
infarktusokat a térzsducok, a capsula interna, a hid vagy
a kisagy teriiletén, két esetben (2,13%) részletes leiras
nélkil kisérbetegség diagndzisat bal ACM vagy ACP te-
riileti infarktus mellett, és egy esetben (1,06%) mérsékelt
atrofiat. Vizsgalatunkban ezek az esetek (n = 22;23,40%)
alkotjak a ,tarsulo patologias elvaltozasok™ elnevezésii
alcsoportot. A vizsgalati minta 69,15%-aban (n = 65) a
szakvélemény nem irt le patologias elvaltozasokat, és a
szakvélemény alapjan nem mertilt fel kisérbetegség gya-
ngja, hét esetben (7,45%) nem allt rendelkezésre elegen-
dé informacio ennek eldontéséhez (1. tablazat).

Az adatgylijtésben harom févarosi intézmény vett
részt, az Orszagos Mozgasszervi Intézet — OORI, a Szent
Imre Egyetemi Oktatokorhaz és egy olyan korhaz, mely-
nek nevét titoktartasi megallapodas miatt nem tiintetjiik
fel. Az adatgyiijtés kilenc logopédus kozremiikodésével
valdsult meg, dsszesen egy neurologiai és Ot rehabilita-



deggyogy Sz 2023;76(7-8).275-285. 279

1. tablazat. A vizsgdlati személyek demogrdfiai és klini-

kai adatai
Nem (%) Ferfi 50
NG 50
Eletkor (év) Atlag 59,78
Terjedelem 33-81
Iskolazottsag (%) 1-8 osztaly 6,38
Szakiskola 27,66
Frettségi 31,91
F&iskola/ 27,66
egyetem
Nem ismert 6,38
Postonset (nap) Atlag 473,20
Terjedelem 6-8270
Etioldgia (%) Infarktus 62,77
Vérzés 21,28
Kevert 15,96
Lokalizacié (%) Bal 87,78
Jobb 2,13
Bilateralis 8,51
Kisagy/ 1,06
agytorzs
Kevert 3,19
Nem ismert 1,06
Patoldgias elvalto-  Nincs 69,15
7450k (%)
Van 23,40
Nem ismert 7,45
Egyéb kommuni- Nincs 79,79
kéc‘(?s zavarok és Beszédapraxia 14,89
nyelészavarok (%)
Dysarthria 3,19
Dysphagia 2,13
WAB-AQ (max. 94)  Atlag 61,21
Terjedelem 3,20-93,70
MASZT- Atlag 10,47
(‘o;zz)(eggt)szém Terjedelem 0-20

WAB-AQ: Western Aphasia Battery afaziakvociens,
MASZT: Magyar Afazia Sz(r&teszt. Jelen vizsgalatban a
MASZT eredményeit a diagndzisalkotashoz nem, csak

a regresszios elemzésekhez hasznaltuk fel. Emiatt lehet-

séges, hogy a mintankban tobb olyan személy (n = 5)
is el6fordult, aki az afaziadiagndzis megallapitasahoz
hasznalt vagépont (17) folott teljesitett a MASZT-ban.
Fontos kiemelni, hogy a MASZT szenzitivitasa ezen a

mintan is igen magasnak (94,68%) bizonyult.

cids osztalyon. A kutatds Intézményi vagy Regionalis
Kutatasetikai Bizottsag (IKEB/RKEB) jovahagyasaval
zajlott.

Vizsgalati elrendezés és procedura

A vizsgalati személyekkel két logopédiai vizsgaloeljarast,
a WAB-ot?! és a Magyar Afazia Szlir6tesztet (MASZT?)
vettiik fel. A WAB-ot az afazia diagndzisanak megalla-
pitasahoz hasznaltuk. A MASZT-pontszamok alkottak a
jelen vizsgalat fliggd valtozoit. A vizsgalat a paciensek
allapotatol fiiggden 1-2 alkalmat vett igénybe.

Az afazia felismerésére és az afazia sulyossaganak
megallapitasara hasznalhato MASZT 6t szubtesztbdl all,
melyek a kovetkezok: Szoértés, Mondatértés, Ismétlés,
Megnevezés és Szofluencia. A Szofluencia kivételével
valamennyi szubtesztben négy tétel szerepel, melyekre
1 (6nallo vagy ismételt bemutatast/onkorrekciot kovetd
helyes valasz), vagy 0 (helytelen valasz) pont adhato.
A Szoéfluencia szubtesztben produkalt helyes valaszok
szama egy 0-4 kozotti értékké alakitando, igy a teszt-
ben maximum 5 x 4, azaz 20 pont szerezheté (MASZT-
Osszpontszam)?2. A MASZT felvétele 5-10 percet vett
igénybe. Kutatasunkban a MASZT-6sszpontszam (terje-
delem: 0-20) szolgalt az afaziasulyossag mutatdjaként, a
Szdértésben és Mondatértésben elért pontszamok 0ssze-
ge (terjedelem: 0-8) a MASZT receptiv nyelvi mutatoja-
ként, az Ismétlésben, Megnevezésben és Szofluenciaban
elért pontszamok 0Osszege (terjedelem: 0-12) pedig a
MASZT expressziv nyelvi mutatdjaként szerepelt.

A logopédiai tesztek mellett demografiai és klinikai
adatokat is gyUjtottiink, ezeket az alabbiak szerint rog-
zitettiik: nem (férfi, nd), életkor, legmagasabb iskolai
végzettség (1-8 osztaly, szakiskola, érettségi, féisko-
la/egyetem), az agyi torténés oOta eltelt id6 napokban
(postonset), etioldgia (infarktus, vérzés, kevert [infarktus
+ vérzés]), lokalizacio (bal, jobb, bilateralis, kisagyi/agy-
torzsi, kevert [bal/jobb/bilateralis + kisagyi/agytorzsi]),
vascularis dementia kialakulasaval dsszefiiggésbe hoz-
hatd, jellemzdéen kisérbetegségek kovetkeztében kiala-
kulo patoldgias elvaltozasok (példaul periventricularis
fehérallomanyi hipodenzitasok/hiperintenzitasok, kro-
nikus subcorticalis lacunaris laesiok), egyéb neurogén
kommunikaciés zavarok (dysarthria, beszédapraxia)
vagy nyelészavar (dysphagia). A patoldgias elvaltoza-
sok tarsulasanak megallapitasa az agyi képalkotd vizs-
galatokrol (CT/MRI) késziilt szoveges szakvélemények
alapjan tortént (részletesen lasd a vizsgalati személyek
leirasat).

Az adatok elemzése
Annak vizsgalatara, hogy az egyes demografiai és kli-

nikai faktorok Osszefiiggnek-¢ az afaziasulyossaggal és
a receptiv-expressziv nyelvi képességekkel, tobbszoros
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linearis stepwise (kétiranyu 1épésenkénti) regresszidt vé-
geztiink?. Az elemzések soran harom modellt teszteltiink,
az els6 modellben a MASZT-6sszpontszam, a masodik-
ban a MASZT receptiv nyelvi mutato, a harmadikban a
MASZT expressziv nyelvi mutatd szerepelt fliggd (kime-

kivéve az Eletkor és a Postonset véltozokat, melyek szin-
tén folytonosak voltak. Az elemzéseket R-ben** végeztiik
el a ,,car”, az ,lmtest” és az ,,0lsrr” csomagok® %’ segit-
ségével.

neti) valtozoként. A fliggetlen (magyarazo) valtozok —le-  Ered mények
hetséges prediktorok — mindkét modellben a kovetkezok

voltak: 1. Nem, 2. Eletkor, 3. Iskoldzottsdg, 4. Postonset, L, ,
5. Etiologia, 6. Lokalizdcio, 7. Patologias elvaltozasok és Afaziasulyossag

8. Egyéb neurogén kommunikacios zavarok vagy nyelés-
zavarok (a tovabbiakban roviden: Egyéb kommunikaci-
os zavarok). A legegyszerlibb szabalyt kovetve (10 eset/
prediktor) a 94 f6s mintank megfeleld méretii volt ahhoz,
hogy tobbszords regresszidt végezziink?. Field és mun-
katarsai® becslései szerint 8 prediktor esetén 90-100 f6s
mintan a nagy és kozepes hatasok detektalhatok. A tobb-
szOros regresszio feltételeinek ellenérzése soran Field és
munkatarsai® ajanlasait kovettikk. A kimeneti valtozok
— MASZT-6sszpontszam, MASZT receptiv nyelvi mu-
tato, MASZT expressziv nyelvi mutaté — folytonosak
voltak; a magyarazé valtozok tobbsége kategorikus volt,

A MASZT-6sszpontszam atlagai és szorasai a 2. tabla-
zatban olvashatok. A tobbszords regresszio alkalmaza-
sanak feltételei teljesiiltek. A Kolmogorov—Szmirnov-
teszt szerint a reziduumok normaleloszlast mutattak (D
=0,08; p = 0,68). A Breusch—Pagan-teszttel vizsgalva a
homoszkedaszticitasi feltétel (a reziduumok varianciaja-
nak allandoésaga) teljesiilt (BP[16] = 11,03; p = 0,81). A
Durbin—Watson-teszt szerint a reziduumok nem korrelal-
tak egymassal, a DW-érték az ajanlott 2 kozeli volt (DW
=1,93; p=0,75).

Az els6 regresszios elemzés (1. modell) eredményeit

2. tablazat. A MASZT pontszdmainak dtlagai és szdrdsai a kategorikus vdltozok egyes csoportjaiban

MASZT-0ssz- MASZT receptiv MASZT expressziv
pontszam pontszam pontszam
Magyarazé valtozdk n Atlag Szérés  Atlag Szérés  Atlag Szérés
Nem 1 Feérfi 47 11,36 4,99 551 1,95 5,85 3,54
2 N& 47 9,57 4,57 4,64 1,51 494 3,53
Iskolazottsag 1 1-8osztaly 6 7,67 3,72 3,50 1,22 4,17 2,56
2 Szakiskola 26 11,54 5,22 5,62 1,94 5,92 3,78
3 Erettségi 30 10,67 4,66 510 1,73 557 3,44
4 Fdiskola/egyetem 26 11,27 4,24 5,27 1,56 6,00 3,35
Etioldgia 1 Infarktus 59 10,02 4,44 4,88 1,66 514 3,34
2 Vérzés 20 10,80 5,75 5,40 2,21 5,40 3,86
3 Kevert 15 11,80 513 5,40 1,68 6,40 3,98
Lokalizacié 1 Bal 79 10,52 4,70 5,10 1,79 542 3,46
2 Jobb 15,50 4,95 6,00 2,83 9,50 2,12
3 Bilaterélis 6,63 4,81 4,00 1,51 2,63 3,58
4 Kisagy/agytorzs 17,00 - 7,00 - 10,00
5 Kevert 3 14,00 3,61 6,33 115 7,67 2,52
Patologias 1 Nem tarsul 65 10,98 4,89 5,29 1,83 5,69 3,60
elvaltozasak 2 Tarsul 22 936 48 459 182 477 342
Egyéb 1 Nem tarsul 75 10,89 4,79 511 1,81 5,79 3,51
‘;g&ggigzédés 2 Beszédapraxia 14 743 431 464 186 279 2,83
nyelészavarok 3 Dysarthria 3 1500 265 633 115 867 153
4 Dysphagia 2 9,00 4,24 5,00 1,41 4,00 2,83

MASZT: Magyar Afazia Sz(réteszt. A MASZT-6sszpontszam maximum 20, a MASZT receptiv pontszam maximum 8,
a MASZT expressziv pontszam maximum 12 volt.
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3. tablazat. A MASZT-0sszpontszdm Osszefliggései a prediktorokkal a stepwise regresszios elemzés eredményei alapjan

Konfidencia-
Standard Standar- intervallum
B hiba dizdltp t p Also Fels6
(Intercept) 8,945 2,227 4,016 0,000 4,499 13,390
Iskolazottsag Szakiskola 4,721 2,371 0,452 1,991 0,051 -0,011 9452
Erettség| 2,630 2,324 0,267 1,132 0,262 -2,008 7,268
Egyetem 2,936 2,348 0,285 1,251 0,215 -1,750 7,623
Patoldgias Tdrsul -2,581 1,203 -0,240 -2,146 0,036 -4,982  -0,180
elvaltozasok
Egyéb Beszédapraxia ~ -4,954 1,467 -0,361 -3378 0,007 -7,882  -2,027
‘;gv“;g‘;”é”;édés Dysarthria 1604 3186 0064 0504 0616 4754 7,963
nyelészavarok Dysphagia -0,011 3,246 0,000 -0,004 0,997 -6490 6,467
Postonset 0,000 0,000 0,065 0,626 0,534 -0,001 0,001
Lokalizacié Jobb 2,694 3,103 0,089 0,868 0,388 -3,500 8,888
Bilateralis -3,319 2,020 -0,170 -1,643 0,105 -7351 0,713
Kisagy/agytorzs 3,817 5,371 0,090 0,711 0,480 -6,903 14,537
Kevert 4,984 2,588 0,200 1,926 0,058 -0,182 10,150

Korrigalt R? = 0,206. Az iskoldzottsag és a lokalizacié pozitiv, a tarsuld kisérbetegség és a beszédapraxia negativ

prediktorként jelent meg a modellben (p < 0,1).

a 3. tablazatban foglaltuk Gssze. A stepwise regresszio
magyarazd valtozoként az Iskolazottsag, Patologids el-
valtozasok, Egyéb kommunikdacios zavarok, Postonset s
Lokalizacio faktorokat emelte be a regresszios modellbe
(F[86] = 2,707; p = 0,005). A modellben a szakiskolai
végzettség és a kevert lokalizacioju laesio pozitiv, a pato-
logias elvaltozasok és a beszédapraxia tarsulasa negativ
standardizalt  regresszios koefficienssel vett részt. Ez azt
jelenti, hogy a szakiskola elvégzése magasabb MASZT-
Osszpontszammal allt kapcsolatban, mint a nyolc osztaly
elvégzése (t = 1,991; p = 0,051). A kevert lokalizacio-
ju laesio szintén magasabb MASZT-6sszpontszammal
allt kapcsolatban, mint a tisztan bal féltekei laesio (t =
—1,926; p = 0,058). Ezzel szemben a patologias elvalto-
zasok és a beszédapraxia tarsulasa alacsonyabb MASZT-
Osszpontszammal jart egyiitt, mint ha nem tarsult patolo-
gias elvaltozas (t =-2,146; p = 0,036) vagy egyéb kom-
munikacids zavar (t =-3,378; p = 0,001). A magyarazd
valtozok korrigalt R2-értéke 0,206 volt, azaz a valtozok
20,6%-ban magyaraztak a MASZT-6sszpontszam vari-
anciajat.

Receptiv nyelv

A MASZT receptiv pontszam atlagai és szorasai a 2.
tablazatban olvashatok. A tobbszords linearis stepwise
regressziot a MASZT receptiv nyelvi mutatdt tartalma-
z6 modellen is elvégeztiik. A tobbszords regresszio al-

kalmazasanak feltételei ebben az esetben is teljesiiltek.
A Kolmogorov—Szmirnov-teszt szerint a reziduumok
normaleloszlast mutattak (D = 0,09; p = 0,57), és a re-
ziduumok varianciaallandosaga teljesiilt (BP[16] = 8,48;
p = 0,93). A Durbin—Watson-teszt szerint autokorrelaciod
nem allt fenn (DW = 1,94; p = 0,78).

A 2. modell eredményeit a 4. tablazatban foglaltuk
Ossze. A stepwise regresszido magyarazo valtozoként az
Iskolazottsag, Patologias elvaltozdasok, Nem és Postonset
valtozokat emelte be a modellbe (F[79] = 3,034; p =
0,011). A modellben az Iskoldzottsag pozitiv, a Patolo-
gias elvaltozasok és a Nem negativ standardizalt B reg-
resszios koefficienssel vett részt. Ez azt jelenti, hogy bar-
mely iskolai végzettség magasabb receptiv nyelvi pont-
szammal allt kapcsolatban, mint a 8 osztalyos végzettség
(p < 0,05). A patologias elvaltozasok tarsulasa alacso-
nyabb receptiv nyelvi pontszammal allt kapcsolatban,
mint ha nem tarsult patologias elvaltozas (t =-1,952; p =
0,055). A n6k korében szintén alacsonyabb volt a recep-
tiv nyelvi pontszam, mint a férfiak korében (t =-2,120;
p =0,037). A magyaraz6 valtozok 13,4%-ban magyaraz-
tak a MASZT receptiv nyelvi pontszam variancidjat.

Expressziv nyelv

A MASZT expressziv pontszam atlagai ¢és szdrasai a 2.
tablazatban olvashatok. A tobbszoros regresszio alkal-
mazasanak feltételei a MASZT expressziv nyelvi mutatot
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4. tablazat. A MASZT receptiv pontszdm Osszefliggései a prediktorokkal a stepwise regresszios elemzés eredményei

alapjdn
Konfidencia-
Standard  Standar- intervallum
B hiba dizalt B t p Alsé Felsd
(Intercept) 3,636 0,882 4,124 0,000 1,879 5393
Iskoldzottsdg  Szakiskola 2,632 0,932 0,654 2,823 0,006 0,774 4,490
Erettségi 2,264 0,915 0,598 2,475 0,076 0,441 4,087
Egyetem 2,209 0,923 0,556 2,393 0,019 0,370 4,048
Patoldgias Tarsul -0,875 0,448 -0,212 -1,952 0,055 -1,769 0,018
elvaltozasok
Nem NG -0,843 0,397 -0,232 -2,120 0,037 -1,635 -0,051
Postonset 0,000 0,000 0,035 0,332 0,741 0,000 0,000

Korrigalt R? = 0,134. Az iskolazottsag pozitiv, a tarsuld patoldgias elvaltozasok és a nem negativ prediktorként

jelent meg a modellben (p <0,1).

tartalmazo modellen is teljesiiltek (D = 0,06; p = 0,95;
BP[16] = 12,06; p= 0,74, DW = 1,89; p = 0,59).

A 3. modell eredményeit az 5. tablazatban foglal-
tuk Ossze. A stepwise regresszié magyarazo valtozoként
a Patologias elvaltozasok, Iskoldzottsag, Egyéb kom-
munikdcios zavarok, Postonset és Lokalizacio fakto-
rokat emelte be a regresszidos modellbe (F[79] = 2,668;
p = 0,006). A patolodgias elvaltozasok és a beszédapraxia
tarsulasa alacsonyabb expressziv nyelvi pontszammal
jart egyiitt, mint ha nem tarsult patologias elvaltozas
(t=-1,693; p = 0,095) vagy beszédapraxia (t = —3,912;
p < 0,001). Ezzel szemben a kevert lokalizacioja laesio
magasabb expressziv pontszammal allt kapcsolatban,
mint a tisztan bal féltekei laesio (t = 1,782; p = 0,079).
A magyarazo valtozok 20,2%-ban magyaraztak az ex-
pressziv pontszam varianciajat.

Megbeszélés

Kutatasunk a poststroke afdzia stlyossagat befolyasolo
demografiai és klinikai faktorok feltarasara iranyult ma-
gyar anyanyelvii mintan (n = 94). Az elemzések soran
tobbszords stepwise linearis regressziot hasznaltunk, ami
lehetdvé tette, hogy egyszerre tobb lehetséges faktor ha-
tasat vizsgaljuk a nyelvi kimenetre. Mintankban az egyes
patologias elvaltozasok és a beszédapraxia tarsulasa, az
iskolazottsag, a nem és a lokalizacio josolta be a nyelvi
kimenetet. Mintankban az alacsony iskolai végzettség (8
osztaly végzése), ajellemzden kisérbetegségekhez tarsuld
patologias elvaltozasok (fehérallomanyi hipodenzitasok/
hiperintenzitasok €s subcorticalis lacunaris laesiok) meg-
jelenése és beszédapraxia tarsulasa esetén sulyosabb afa-
zia jelentkezett. Tovabb4, az alacsony iskolai végzettség
és a patologias elvaltozasok megjelenése alacsonyabb
receptiv nyelvi teljesitménnyel jart. A receptiv nyel-

vi képességekben nemi kiilonbséget is tapasztaltunk:
a nok rosszabbul teljesitettek a receptiv nyelvi modali-
tasban, mint a férfiak. Végiil, patologias elvaltozasok ¢és
beszédapraxia tarsulasa esetén az expressziv nyelvi telje-
sitmény is rosszabbnak bizonyult.

Eredményeink 6sszhangban vannak azokkal az ered-
ményekkel'?, melyek szerint az iskolazottsag hatassal
lehet az afaziastlyossagra. Ugyanakkor fontos kiemelni,
hogy az iskolazottsag szamos egyéb olyan faktorral is
kapcsolatban lehet, amelyeket ebben a kutatasban nem
vizsgaltunk (példaul premorbid intelligencia, nem nyelvi
kognitiv képességek). Emiatt az iskolazottsag hatasaval
kapcsolatos eredményeink ovatosan kezelendok.

A nem nyelvi kognitiv képességek — figyelem, rovid
tava emlékezet, munkamemoria, kognitiv kontroll, vég-
rehajtd funkciok — vizsgalatanak hidnya a jelen kutatas
egyik korlatja, ugyanis ezek a képességek szamos nyelvi
folyamatban, példaul a mondatértésben, a szoel6hivas-
ban és a funkcionalis kommunikacidban is szerepet jat-
szanak afaziaban® . A mondatértés, kiilondsen az olyan
nyelvtanilag komplex mondatok értése, mint amilyenek
a MASZT-ban szerepelnek, a rovid tava verbalis emléke-
zettel, a munkamemoriaval és az interferenciakontrollal
is szoros kapcsolatot mutat. Annak, hogy kutatasunkban
az iskolazottsag a receptiv nyelvi képességeket bejosolta,
az expressziv nyelvi képességeket viszont nem, egy le-
hetséges magyarazata, hogy az iskolazottsag és a nyelvi
képességek kozotti kapcsolatot egy harmadik valtozo,
példaul egyes nem nyelvi kognitiv képességek allapota
medialta. Mindezek alapjan a jovében érdemes lenne a
nem nyelvi kognitiv képességek afaziastlyossagra és fel-
épiilésre gyakorolt hatasat is vizsgalni.

Fontos eredményiink, hogy a jellemz6en kisérbeteg-
ségek kovetkezményeként megjelend és a vascularis
dementia kialakulasaval is 0sszefiiggésbe hozott fehér-
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5. tablazat. A MASZT expressziv pontszam Osszefliggései a prediktorokkal a stepwise regresszios elemzés eredmeé-

nyei alapjan

Konfidencia-
Standard Standar- intervallum
B hiba dizalt t p Also Felsé

(Intercept) 522 1,625 3213 0,002 1,977 8,463
Patoldgias Tdrsul -1,486 0877 -0,190 -1,693 0,095 -3237 0,266
elvaltozasok
Iskolazottsag Szakiskola 2,217 1,729 0,292 1,282 0,204 -1,235 5,669

Erettségi 0976 1,695 0,136 0,576 0,567 -2,407 4,359

Egyetem 1,176 1,713 0,157 0,687 0,495 -2,242 4,595
Egyéb Beszédapraxia  -4,185 1,070 -0419 -3912 0,000 -6,321 -2,050
‘;ggfr‘;‘i”étédés Dysarthria 1289 2324 0,071 0555 0581  -3349 5927
nyelészavarok Dysphagia -0,724 2,368 -0,033 -0,306 0,761 -5450 4,001
Postonset 0,000 0,000 0,068 0,662 0,510 0,000 0,007
Lokalizacié Jobb 2,557 2,264 0,116 1,130 0,263 -1,961 7,076

Bilateralis -2,269 1,473 -0,160 -1,540 0,128 -5210 0,672

Kisagy/ 2,511 3918 0,081 0,641 0,524 -5,308 10,331

agytorzs

Kevert 3,364 1,888 0,186 1,782 0,079 -0,404 7,133

Korrigalt R? = 0,202. A tarsuld patoldgias elvaltozasok és a beszédapraxia negativ, a kevert lokalizacié pozitiv predik-

torként jelent meg a modellben (p <0,1).

allomanyi hipodenzitasok/hiperintenzitasok €s subcor-
ticalis lacunaris laesiok tarsuldsa Osszefiiggést mutatott
a kutatasban hasznalt valamennyi nyelvi mutatoval. Ezen
elvaltozasok megjelenése esetén sulyosabb afazia, vala-
mint rosszabb receptiv és expressziv nyelvi teljesitmény
jelentkezett. Korabbi eredmények szerint a fehéralloma-
nyi hiperintenzitasok stlyossaga bejosolja az afazia su-
lyossagat a kronikus szakaszban'®, valamint bejosolja az
afaziabol torténd felépiilés mintazatait* és a nyelvi tera-
pia hatasara jelentkez0 fejlodés mértékét?. Az agy altala-
nos egészségének és a neuralis haldzatok integritasanak
mutatdjaként ezek az elvaltozasok a neuralis plaszticitas-
ra is hatassal lehetnek?®. Mivel mintank heterogén volt a
postonset szempontjabol, a fent emlitett mechanizmusok
a mi eredményeinket is magyarazhatjak. Elképzelhe-
t6, hogy egyes személyek esetében a poststroke afazia
tiinetei a vascularis neurokognitiv zavar tiineteivel 6sz-
szefonddva, egymast stlyosbitva jelentkeztek. Ugyan a
premorbid dementia kizard kritériumot jelentett a kuta-
tasban, nem zarhato ki, hogy diagnoézis hianyaban a min-
dennapokban jol funkcionalo, a vascularis neurokognitiv
zavar enyhe tlineteit mutatd paciensek is bekeriiltek a
mintaba. Fontos limitacidja a kutatasnak, hogy az alta-
lunk hasznalt mutaté nem tiikrozte az elvaltozasok su-
lyossagat, és mivel a patologias elvaltozasok megjele-
nését a képalkoto vizsgalatok szoveges szakvéleményei
alapjan allapitottuk meg, lehetséges, hogy ezek eléfordu-

lasat alulbecsiiltiik a mintaban. A pontosabb osszefliggé-
sek feltarasa érdekében érdemes lenne a jovében a fehér-
allomanyi hiperintenzitasok stlyossagat finomabb muta-
tok segitségével megbecsiilni. Tovabba, a képalkoto vizs-
galatok eredményeinek részletes ismerete lehetévé tenné
a stroke kovetkeztében kialakuld laesio elhelyezkedése
¢és az afazias nyelvi tiinetek kozotti kapesolat pontosabb
azonositasat is. Jelen kutatasban a vizsgalati személyek
tobbsége bal féltekei stroke-on esett at, azonban nem allt
rendelkezésiinkre elegendé informacié ahhoz, hogy a
lokalizacio alapjan a pacienseket tovabbi alcsoportokba
(példaul corticalis vagy subcorticalis laesio) soroljuk, és
részletesebb elemzéseket végezziink.

Klinikai szempontbdl az egyik legérdekesebb, ha nem
is meglepd eredményiink, hogy a beszédapraxia tarsula-
sa sulyosbitja az afazia megjelenését. A leggyakrabban
ugyancsak stroke kovetkeztében kialakuld beszédapraxia
a beszédmozgasok tervezésének és programozasa-
nak a zavara, melynek tiinetei elsésorban az artikula-
ciot, a prozoddiat és a beszédfolyékonysagot érintik®. A
beszédapraxia tiszta formaban ritkan, jellemzden afa-
ziaval egyiitt fordul eld. Kutatdsunkban a beszédapraxia
tarsulasa az afaziastlyossaggal és az expressziv nyelvi
képességekkel mutatott kapcsolatot, a receptiv nyelvi
képességekkel viszont nem. Eredményeink megerdsi-
tik, hogy a beszédapraxia és egyes afaziak elkiilonité-
se a tlinetek perceptualis hasonlosaga miatt nehéz, és a
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beszédapraxia az afaziavizsgalat részét képez6 beszéd-
produkcios probakban stlyos nehézségekhez vezethet.

Erdekes modon eredményeink azokat a korabbi ered-
ményeket!® timogatjak, amelyek nék korében talaltak
rosszabb nyelvi teljesitményt. Bar az afaziasulyossagban
jelentkezé nemi kiilonbségek tekintetében nincs kon-
szenzus a szakirodalomban, a kutatasok tobbsége el-
enyészonek tartja a nem hatasat a nyelvi kimenetre. Jelen
kutatasban a receptiv nyelvi képességekben jelentkezett
nemi kiilonbség a férfiak javara.

Nem talaltunk kapcsolatot az életkorral, a postonsettel
¢s a stroke tipusaval. Bar a postonset mindharom modell-
ben megjelent, egyik esetben sem volt szignifikans. Az
¢letkor és a nyelvi teljesitmény kozotti kapesolat hianyat
magyarazhatja, hogy ebben a kutatasban a paciensek ku-
tatas idején mutatott — és nem a stroke idején mutatott —
életkorat emeltiik be az elemzésbe, szemben azokkal a
kutatasokkal, melyek az életkor és az afaziasulyossag
kozott kapcesolatot talaltak'=. Bar a kutatas idején a pa-
ciensek tobbsége (64,89%) az akut vagy a szubakut
szakaszban volt, ahol nem kell szamolni a két életkori
mutato kozotti jelentds kiilonbséggel, a kronikus afazias
személyek egy részénél a két mutato jelentdsen eltérhe-
tett (postonset atlaga a kronikus csoportban: 1240 nap,
terjedelem: 190—8270 nap).

Osszefoglalva, egyes demografiai és klinikai faktorok,
példaul az iskolazottsag, a kisérbetegségek kovetkezté-
ben kialakulo patoldgias elvaltozasok és egyes szerzett
beszédmotoros zavarok (beszédapraxia) tarsulasa hatas-
sal lehet a poststroke afazia sulyossagara. A kiilonb6zo
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Neuralgic amyotrophy (NA), also known as
Parsonage-Turner syndrome or idiopathic
brachial plexopathy, is a multifocal
inflammatory neuropathy that usually affects
the upper limbs. The classic picture is a pa-
tient with acute onset of asymmetric upper
extremity symptoms, excruciating pain, rapid
onset of multifocal paresis often involving
winged scapula, and a monophasic course of
the disease.

We present an unusual case of recurrent NA
characterized first by right brachial plexitis
and then isolated left posterior interosseous
nerve palsy.

Keywords: recurrent neuralgic amyotrophy,
brachial plexitis, posterior interosseous
nerve (PIN)

Visszatéré neuralgikus amyotrophias
beteg; jobb oldali brachialis plexitis
és bal oldali hatsé interossealis
neuropathia

Ozenc B, Isik K, Tan E, Odabasi Z

A neuralgikus amyotrophia (NA), mas néven
Parsonage-Turner-szindroma vagy idiopa-
thias brachialis plexopathia egy multifokalis
gyulladasos neuropathia, ami altaldban a
fels® végtagokat érinti. A klasszikus képet

a betegnél akutan kezd6dd aszimmetrikus
fels® végtagi tunetek, kinzé fajdalom, gyorsan
kialakuld, gyakran eldlld, ,szarnyas” lapockat
eredményezd, multifokalis paresis és mo-
nofazisos lefolyas jellemzi.

Bemutatunk egy szokatlan esetet, amikor a
visszatérd NA-t elészor jobb oldali brachialis
plexitis, majd izolalt bal oldali nervus interos-
seus posterior bénulas jellemezte.

Kulcsszavak: rekurrens neuralgikus
amyotrophia, brachialis plexitis, nervus
interosseus posterior (PIN)

Neuralgic amyotrophy (NA) is characterized by
neuropathic pain attacks and subsequent patchy
paresis in the upper extremities. Although the exact
mechanism of NA is not yet known, it is thought that
the brachial plexus or its branches may develop idio-
pathic inflammation in response to intrinsic or extrin-
sic conditions, resulting in extreme pain at symptom
onset and rapid paresis of upper extremity muscles'.
NA is associated with immune-mediated disorders of
the peripheral nervous systems; the extent and distri-
bution of affected nerves are quite variable. The dis-

tribution of abnormalities in NA can vary from an iso-
lated nerve (suprascapular, long thoracic, and anterior
interosseous nerves) to the widespread involvement of
the brachial plexus?.

PIN paralysis can usually result from direct injury, re-
peated overuse of wrist and forearm muscles, compres-
sion, mass effect tumors, and sometimes NA.

The purpose of this case report is to present a rare case
of recurrent NA that is characterized by right brachial
plexitis and left PIN palsy despite being negative for the
SEPT 9 gene.
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Case report

A 43-year-old male patient was presented with severe
right neck and shoulder pain that began 7 days ago and
woke him from sleep. His medical history and family
history were unremarkable. Previously, there was no trig-
gering cause such as fever, infection, or physical activity.
After 5 days, the severe pain subsided, but the patient was
unable to raise his right arm. On neurologic examination
according to the Medical Research Council (MRC) mus-
cle strength on the examination scale, right arm abduc-
tion was 0/5, right arm external rotation was 0/5, right
arm flexion was 4/5, and right arm extension was 4/5.
The patient was primarily suspected of having a cervical
disc herniation, and magnetic resonance imaging (MRI)
of the cervical spine was performed. No compressive le-
sion was noted on the cervical MRI.

The nerve conduction study did not reveal sensory
nerve action potential (SNAP) in the right lateral ante-
brachial cutaneous nerve. The right medial antebrachial
cutaneous nerve SNAP, median and ulnar nerve SNAP
and compound muscle action potential (CMAP) were
normal. Electromyography performed on day 15 showed
signs of abnormal spontaneous activity in the right deltoid
and infraspinatus, and there was no motor unit potential
(MUP). MUP loss was observed in the biceps, brachiora-
dialis, pronator teres, and triceps muscles. Electrophys-
iological findings were consistent with the involvement
of the superior and middle trunks of the right brachial
plexus. Increased focal thickness and enhancement in
the right brachial plexus were found to be significant for
plexitis (Figure 1).

He was diagnosed with NA mainly at the upper and
middle trunks of the brachial plexus and was treated
with high-dose steroid (7 days of pulse therapy) and ac-
tive physical therapy. After a few months,

Figure 1. Focal thickness increase and contrast en-
hancement in the right brachial plexus on T2-weighted
MRl image

detected in the left radial nerve. Total denervation was
noted in the left extensor indicis proprius and extensor
digitorum communis muscles. The extensor carpi radia-
lis muscle was normal. Electrophysiologic findings were
consistent with total axonal degeneration of the left pos-
terior interosseous nerve in the acute phase. Because the
conduction block detected on electrophysiological test-
ing on day 3 disappeared on day 15, it was considered
a pseudoblock. For the left PIN lesion, an MRI of the
forearm was performed in the early phase and no com-
pression was detected.

partial movement of the shoulder was ob-
served.

The patient presented severe left arm
pain and an inability to lift the fingers of
his left hand 4 months after his first appli-
cation. The patient was examined on the
3th day of his complaint. The neurological
examination according to the MRC scale of
muscle strength on the examination of the

Elbow 2

extension of the left fingers were 1/5. Elec- -MNV
trophysiological findings showed a com- |-
plete conduction block between the fore-
arm and elbow on the left radial nerve, with

&

30ms 2mv
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recording from the extensor indicis propri-
us muscle (Figure 2). Sensory findings of
the left superficial radial nerve and sensory
and motor findings of the median and ulnar
nerves were normal. On the control EMG
performed 2 weeks later, CMAP was not

Figure 2. Motor conduction of the left radial nerve (pseudo-block)
with the recording from the EIP muscle; A normal CMAP response is
obtained with stimulation from the distal to the radial tunnel (upper
trace), whereas no response is obtained with stimulation from the
proximal elbow (lower trace)
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Serologic testing, including autoantibodies and vas-
culitis markers, revealed no significant findings. HEV
serology was negative. The patient with a history of re-
current NA (with brachial plexitis and isolated PIN le-
sion) underwent SEPTO testing for hereditary neuralgic
amyotrophy, which was negative.

The patient received IVIG for 5 days and treatment
with 64 mg prednol was started. The patient partially
benefited from the treatment and follow-up is continued.

Discussion

The classic presentation of neuralgic amyotrophy is a
patient with acute onset of asymmetric upper extremity
symptoms with excruciating pain during most attacks,
rapid multifocal paresis often involving a winged scap-
ula, and a monophasic disease course®. After the pain
is disappeared, NA usually presents as the involvement
of the superior brachial plexus, with weakness of the
peri-scapular and glenohumeral muscles, including the
infraspinatus, supraspinatus, serratus anterior, and del-
toid.

The etiology of NA is unclear and the pathophysiolo-
gy of the upper part of the brachial plexus, which is fre-
quently affected, is still unclear. Alfen et al. report that NA
affects the brachial plexus due to erosion and weaken-
ing of the blood-nerve barrier, which normally prevents
immune factors from reaching the peripheral nervous
system. Disruption of the blood-nerve barrier is more
common, especially in the upper extremities, as shoul-
der movement is greater*. PIN paralysis can result from
acute or structural compression of the nerve in Frohse’s
arch, resulting in poor finger extension. True neurogen-
ic PIN palsy is not usually accompanied by widespread
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