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The loss of cerebral blood flow autoregula-
tion is experienced after severe neurological 
injuries. Its impairment leads to a cascade 
of secondary neurological injuries that often 
follow the primary neurological insult. How-
ever, although its maintenance is important, 
cerebral autoregulation monitoring remains 
and does not follow consistent clinical stan-
dards. The traditional neurocritical monitor-
ing method is invasive intracranial pressure 
monitoring. Several methods have also been 
tested for noninvasive neuromonitoring. 
Rheoencephalography is a form of non-in-
vasive monitoring based on bioimpedance 
measurement; however, it is not used in 
routine clinical practice today. This review 
presents selected results of in-vitro and 
in-vivo studies evaluating the rheoencepha-
logram pulse waveform quantification during 
cerebral blood flow alterations, correlations 
with the intracranial pressure and other ce-
rebral blood flow measuring modalities, and 
calculation of the rheoencephalogram-based 
autoregulation index. A total number of 
1027 human and 638 animal measurements 
were involved. An in-vitro study documented 
the correlation between Doppler ultrasound 
flow and bioimpedance. In-vivo animal and 
human studies established a correlation 
with other modalities such as laser Doppler 
flow, carotid flow, near-infrared spectros-
copy, and intracranial pressure as well as 
invasive and noninvasive cerebral blood flow 
autoregulation indexes. Studies documented 

Egy nem invazív neuromonitorozó 
módszer, a reoencefalográfia validálási 
vizsgálatai – áttekintés
Chang JJ, MD; Gensler R, BS; Armonda RA, 
MD; Bodo M, MD, PhD 

Az agyi véráramlás autoregulációjának 
elvesztése súlyos neurológiai sérülések után 
tapasztalható. Károsodása másodlagos 
neurológiai sérülések kaszkádjához vezet, 
amelyek gyakran követik az elsődleges 
neurológiai sérülést. Az agyi autoreguláció 
fenntartása fontos, és monitorozása továbbra 
is szükséges, de nem követi a klinikai stan- 
dardokat. A hagyományos neurokritikus 
monitorozási módszer az invazív koponyaűri 
nyomás monitorozása. Számos módszert 
teszteltek a nem invazív neuromonitorozásra 
is. A reoencefalográfia a bioimpedancia-
mérésén alapuló nem invazív monitorozás 
egyik formája, azonban ma még nem hasz- 
nálják a rutin klinikai gyakorlatban. Ez az 
áttekintés bemutatja az in vitro és in vivo 
vizsgálatok kiválasztott eredményeit, amelyek 
értékelik a reoencefalogram pulzáló hullám-
formájának mennyiségi meghatározását az 
agyi véráramlás változásai során, korreláció-
kat a koponyaűri nyomással és más agyivér-
áramlás-mérési módszerekkel, valamint a 
reoencefalogramalapú autoregulációs index 
kiszámítását. Összesen 1027 emberi és 638 
állatkísérletes mérést vontunk be a vizsgálat-
ba. Egy in vitro vizsgálat dokumentálta a 
Doppler-ultrahang-áramlás és a bioimpe-
dancia közötti összefüggést. In vivo állat- és 
humán vizsgálatok összefüggést mutattak ki 
más modalitásokkal, például a lézeres 
Doppler-áramlással, a carotisáramlással, a 
közeli infravörös spektroszkópiával, továbbá 
a koponyaűri nyomás-, valamint az invazív és 
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Introduction

Cerebral blood flow autoregulation

The brain requires a continuous, uninterrupted blood sup-
ply to meet its energy requirement, which is provided by 
cerebral autoregulation (AR). AR works by acting as a 
feedback mechanism that modulates blood vessel diameter 
to allow blood supply to match brain metabolism1. During 
homeostasis, AR functions within a physiological range 
where cerebral arteriolar vasodilation follows a decrease 
in mean arterial pressure (MAP). Below the lower limit of 
AR (about 55 ml/min/100gr), cerebral blood flow (CBF) 
passively follows MAP with a resulting cerebral ischemia. 
However, in cases of traumatic brain injury, AR can be 
injured resulting in failure of cerebral homeostasis2. This 
failure then leads to secondary brain injury as changes in 
MAP directly lead to CBF hypoperfusion or hyperemic 
injury2. With impaired AR, heterogeneity of CBF may also 
be observed with simultaneous areas of hemorrhage and 
ischemia coexisting3. For patients with severe neurologi-
cal injury, it is critical to quickly detect impaired AR and 
then allow clinicians to initiate interventions designed to 
minimize secondary neurological injury.

Pressure reactivity index as a measure of cere-
bral autoregulation 
The current gold standard for measuring AR is through the 
pressure reactivity index (PRx), which is based on a mov-

ing correlation coefficient between intracranial pressure 
(ICP) and MAP4, 5. The fundamental relationships between 
MAP, vessel tone, cerebral blood volume, and ICP form 
the basis for the PRx calculated by the ICM+ program6.  
PRx is analogous to other time-domain autoregulation in-
dices and is calculated as the continuous correlation be-
tween 30 consecutive time-averaged (10-second) MAP 
and ICP values. A positive index (positive correlation) 
implies impaired cerebral autoregulation, while a nega-
tive index (inverse correlation) implies intact autoregu-
lation. Regarding CBF AR index calculation (PRx), we 
used Pearson’s correlation coefficient calculation as it is 
in the ICM+ program6. 

PRx has been found to accurately predict clinical out-
comes in severe traumatic brain injury (sTBI), but it re-
mains unclear how PRx changes over time in sTBI and 
subarachnoid hemorrhage7–9, and PRx utilization is not 
well described in the prevention of secondary neurological 
injury. Furthermore, ICP monitoring has never been defin-
itively proven to improve outcomes in sTBI in randomized 
multi-center trials10. Another method, the optimized cere-
bral perfusion pressure (CPP) curve, utilizes an individu-
alized approach to CPP targets that may hold promise for 
“neuroprotection”11. Regardless, utilizing PRx requires 
invasive, continuous ICP monitoring via the insertion of 
a brain parenchymal “bolt”. However, this leaves patients 
vulnerable to the risk of potential iatrogenic cerebral hem-
orrhage. Therefore, non-invasive surrogates are necessary 
to evaluate for impaired AR in both primary and secondary 
neurological pathologies.

that rheoencephalogram reflects cerebral 
volume change, cerebrovascular reactivity, 
intracranial pressure, and cerebral blood 
flow autoregulation. Human measurements 
documented that rheoencephalogram pulse 
wave morphology changes (peak 2) and that 
cerebral blood flow autoregulation’s active/
passive status and peak 2 increases during 
the Trendelenburg position. These studies 
support the idea that rheoencephalography 
can be considered as a future non-invasive 
neuromonitoring modality. 

Keywords: rheoencephalography, cere-
bral blood flow, autoregulation, intracranial 
pressure, pulse wave morphology, severe 
brain injury, severe traumatic brain injury, 
pressure reactivity index

nem invazív agyi véráramlási autoregulációs 
indexekkel. A vizsgálatok dokumentálták, 
hogy a reoencefalogram tükrözi az agyi tér- 
fogatváltozást, a cerebrovascularis reaktivi-
tást, a koponyaűri nyomást és az agyi vér- 
áramlás autoregulációját. Humán mérések 
dokumentálták, hogy a reoencefalogram 
pulzushullám-morfológiája megváltozik (2. 
csúcs), és tükrözi az agyi véráramlás auto-
regulációjának aktív/passzív állapotát, vala- 
mint hogy a 2. csúcs növekszik a Trende-
lenburg-pozícióban. Ezek a vizsgálatok alá-  
támasztják, hogy a reoencefalográfia a 
jövőben nem invazív neuromonitoring 
módszer lehet.

Kulcsszavak: reoencefalográfia, agyi 
keringés, autoreguláció, koponyaűri nyo-
más, pulzushullám-morfológia, súlyos 
agysérülés, súlyos traumatikus agysérülés, 
nyomásreaktivitási index 
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Non-invasive measures of cerebral autoregula-
tion

Several non-invasive surrogates for AR have been pro-
posed and are based on near-infrared spectroscopy 
(NIRS)12 or transcranial Doppler (TCD)13. Utilizing NIRS, 
a study evaluating 40 patients with sTBI found that the 
total hemoglobin index. (THx), which was based on the 
moving correlation coefficient of NIRS cerebral oximetry 
values and MAP, was found to be significantly associated 
with PRx (r = 0.56, p = 0.0002). This finding then allowed 
for optimized MAP curves that indicated the most effec-
tive MAP range to maintain AR14. 

The measurements derived from TCD – mean flow 
velocity and pulsatility index –also represent potential 
surrogates for approximating AR, particularly due to the 
association found between ICP and pulsatility index15. As 
a result, in a population of sTBI patients, a TCD-derived 
version of AR (Mxa) was calculated by using the moving 
correlation coefficient of the mean flow velocities of the 
middle cerebral artery and the MAP. An Mxa threshold 
value > 0.3 was found to be the value where outcomes 
were more likely to be unfavorable15.

Although NIRS and TCD are much less invasive than 
the placement of a parenchymal bolt, these “non-invasive” 
cerebral monitoring methods still require the placement 
of an invasive arterial catheter for continuous MAP mea-
surement. However, continuous TCDs are also not readily 
available, so serial TCDs conducted daily do not synchro-
nize to the actual periods when vasospasm occurs. Another 
shortcoming of TCD is that it requires skilled operators 
and is time-consuming, making it an ineffective method 
for resource-deprived hospitals as well as the prehospital 
and austere environment15. Therefore, a more cost-effec-
tive, widely available, continuous, and convenient moda
lity is needed such as rheoencephalography.

Rheoencephalography

Historical background and definition

Rheoencephalography (REG), also known as imped-
ance cephalography, has been proposed as a method for 
studying cerebral circulation and monitoring changes in 
blood flow. REG applies the principles of impedance 
plethysmography to monitor cerebral circulation by uti-
lizing an electric current which is passed through the 
skull to record impedance changes with the cardiac cy-
cle. These cyclic impedance variations are believed to 
reflect the entry of blood into the cranial region. The term 
“rheoencephalography” was first coined by Jenkner et al. 
and refers to the use of bioimpedance to estimate brain 
circulation and is measured by a rheoencephalograph, 
a device that monitors a patient’s cerebral circulation16. 
Bioimpedance refers to the technique used to measure 

the electrical properties of tissues. Early REG studies 
focused on utilizing it to measure cardiac output and 
CBF17–19. Initially, bioimpedance circuitry was designed 
to measure cardiac output and peripheral circulation, but 
it was later applied to the brain for measuring electrical 
impedance. Over time, REG has been refined from an 
emphasis on cardiac output to its current application in 
measuring ICP through its ability to evaluate CBF and 
relative bioimpedance20. Some studies have even inves-
tigated its utility in assessing arteriosclerosis17, 18. 

More recently, literature has strengthened the link be-
tween REG pulse waveform alteration (peak 2 elevation) 
and correlated them to the ICP pulse waveform alteration 
during ICP elevation21–24. The background of this fact 
(ICP and REG correlation) was demonstrated in an in vi-
tro measurement, in an animal experiment, and a human 
study25–28. 

Despite these advancements, REG has not yet become 
as widely utilized as other neurophysiological techniques 
like EEG or ECG, partly due to the lack of international 
standards and limited clinical studies focused on optimiz-
ing and validating this method of ICP monitoring. How-
ever, its potential for non-invasive, continuous monitoring 
of cerebral hemodynamics makes it an intriguing area of 
study, particularly for applications where real-time moni-
toring is critical, such as in neurocritical care. 

REG remains an elusive and incompletely understood 
target. For purposes of this review, keyword searches from 
the following databases resulted in the following hits: (1) 
PubMed (https://pubmed.ncbi.nlm.nih.gov/) with keyword 
“rheoencephalography” resulted in 320 hits, “rheoenceph-
alography and intracranial pressure” resulted in 19 hits. 
(2) NASA Technical Report Server (https://ntrs.nasa.gov/
search) with the keyword “rheoencephalography” resulted 
in 103 hits. (3) The Defense Technical Information Cen-
ter (DTIC - https://discover.dtic.mil/) with the keyword 
“rheoencephalography” resulted in 89 hits.

REG Physiology

REG was developed to estimate cerebral circulation based 
on electrical impedance in the scalp area and was based on 
the fundamental assumption that blood or cerebrospinal 
fluid are better conductors than tissue17. This is the phys-
ical basis of REG pulse wave formation.

Fundamentally, REG involves evaluating pulsatile 
impedance changes, related to the cardiac cycle, that are 
measured by injecting a small current between two elec-
trodes attached to the scalp surface and reading the electric 
impedance difference generated between them29. 

From a physics standpoint, several fundamental con-
cepts are essential for understanding biological impedan- 
ces30. Impedance (Z) is an intrinsic property of matter and 
represents the resistance to the flow of electric current. Z 
consists of resistance (R), which is the real component, 
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and reactance (X), which is the “imaginary” component. 
This formula can be expressed as:

z =√R2 + x2

Reactance consists of capacitance (C) and inductance 
(L) and follows this formula:

                
x = ω L−ωC

where ω is the angular frequency of the applied cur-
rent. However, biologic tissue typically has negligible 
reactance, which means impedance equates to resistance 
in these cases:

z =√R2 + 0 = √R2 = R

For an electrolyte solution, such as aqueous sodium 
chloride, with two immersed electrodes, the resistance 
(R) and capacitance (C) between the electrodes can be 
described by the following equations:

Resistance:

R− ρ a

Capacitance:

C = ϵ × ϵ0 × l

In these equations, ρ represents the resistivity of the 
solution, ϵ is the relative dielectric constant of the solu-
tion, ϵ0​ is the dielectric constant of free space, l is the 
distance between the electrodes, and a is the area of the 
electrodes. These equations apply when all other factors 
remain constant, and the measuring current is sufficient-
ly low. Changes in the distance (l) and area (a) of the 
electrodes affect both resistance and capacitance, thereby 
influencing the overall impedance30.

Since further elaboration is beyond the scope of this 
review, a more detailed discussion on the factors influ-
encing REG pulse wave can be found in the study by 
Moskalenko et al31.

Regarding CBF monitoring, bipolar REG electrodes 
are typically placed on the forehead where it is theorized 
to reflect blood flow of the supraorbital artery – a branch 
of the ophthalmic artery that originates from the internal 
carotid artery. REG can be measured either via bipolar or 
tetrapolar electrodes. In bipolar REG, pulsatile impedance 
changes of the head, related to the cardiac cycle, are mea-
sured by injecting a small current between two electrodes 
attached to the scalp surface and reading the electric po-
tential difference generated by them. In tetrapolar REG, 
pulsatile impedance changes of the head, related to the 
cardiac cycle, are measured by injecting a small current 
between two electrodes attached to the scalp surface, and 

reading the electrical impedance difference between an-
other pair of electrodes. This method is used for cardiac 
output measurement and venous occlusion plethysmog-
raphy32.

Animal models have provided significant insights in-
to REG physiology. In a rat study, it was found that the 
amplitude of REG pulses accurately corresponded with 
changes in CBF before, during, and after carotid clamping 
with REG showing smaller waveform amplitudes during 
the clamping (Figure 1) 33. Another study using a tetra
polar device demonstrated changes in impedance during 
intracerebral balloon inflation and saline injection34. Since 
the mechanism of CBF AR is similar in animals and hu-
mans, the value of animal studies in understanding phy
siological responses that are difficult to conduct in humans 
is critical to standardizing REG for clinical practice.

A summary of tests, species, subject numbers, and REG 
devices is provided in Table 1.

REG devices

The physiological information obtained from REG signals 
is primarily related to arteriolar vasoconstriction and va-
sodilation in the brain35. This is indicated by changes in 
REG pulse amplitude, which are measured in Ohms. Due 
to multiple influencing factors31 such as the lack of clinical 
studies and widespread use of REG, there are no standard 
normative values for REG amplitude. As of now, this is 
a major limiting factor for the use of REG, but as more 
human studies are conducted, this could change. 

While the lack of standard normative values for REG 
amplitudes currently limits its clinical application, advanc-
es in device technology and increasing human studies hold 
promises for establishing these benchmarks. We used REG 
devices with varying frequencies including Galileo (45 
kHz, OTE Galileo, Italy), Medicor (167 kHz, Medicor, 
Hungary), Cerberus (125 kHz, Quintlab, Hungary), UFI 
(50 kHz, UFI, Inc. Morro Bay, CA), MIC (100 kHz, Sur-
com Inc, Minneapolis, MN). Recently introduced a min-
iaturized device with a frequency of 1 MHz (Advanced 
Brain Monitoring, Inc., Carlsbad, CA), has potential appli-
cability of REG in various clinical and research settings36.

Data processing, REG waveform, and ICP 
correlation
Recording REG pulse waves on paper charts limited its 
analysis and quantification. However, the advent of com-
puterized bedside monitoring has significantly improved 
the analysis and interpretation of REG pulse waves. Ad-
ditionally, integration with computers allowed for the 
generation of systems like Cerberus, which was designed 
to integrate arteriosclerosis risk factors with EEG, REG, 
and bioimpedance measurements for early identification 
of stroke risk27, 37, 38. Subsequent miniaturization of the 

− − − − − −

 − −

 − 

 − 

1

1

a

− − − − − − − − −



	 Ideggyogy Sz 2025;78(5–6):151–161.	155

Cerberus amplifier has also enhanced REG monitoring 
capabilities36. Additionally, with the increasing adoption of 
machine learning in medical practice, a learning algorithm 
was applied to the Cerberus dataset to enhance diagnostic 
capabilities. The statistical performance of the test run 
showed that the algorithm correctly predicted the class 
in 47% of cases, produced an inconclusive result in 24%, 
and returned a result of “no rule applies” in 7%. In 22% 
of cases, the algorithm reached an incorrect conclusion. 
Therefore, when a conclusion was reached, it was correct 
68% of the time and incorrect 32% of the time. These re-
sults are promising, particularly given that no polygraphic 
data were used in the analysis39.

Current systems are based on a two-electrode (bipo-
lar) system, which limits recordings to only the pulsatile 
component. The REG pulse curve resembles an arterial 
pulse pressure curve (Figure 2). The amplitude of the 
REG pulse wave is associated with conductivity diffe
rences that occur between brain parenchyma, cerebrospi-
nal fluid, and blood29. The REG pulse amplitude is also 

sensitive to normal physiological changes 
such as carbon dioxide levels, head posi-
tioning, and the Valsalva maneuver22, 31, 34, 

40–43. Digitization has facilitated a more de-
tailed analysis of the ICP waveform, partic-
ularly in identifying the second peak (P2), 
which correlates with ICP elevation21, 22. 
Physiologically, REG monitoring can mim-
ic CBF AR because the slow oscillations 
of ICP and REG are identical (Figure 3)28. 

REG monitoring and REGx

There is currently no standard invasive, and 
non-invasive CBF AR44–46 measurement for 
the spontaneous physiological slow oscilla-
tion present in PRx47, 48. A similar CBF AR 
measurement called REGx may be derived 
from the moving correlation coefficient of 
REG and MAP21, 22, 28. REG can be substitut-
ed for ICP because physiologically, the slow 
oscillation of REG and ICP pulse waves are 
identical (Figure 3). 

Several studies have suggested that REGx 
may serve as a surrogate for PRx. In one 
animal study utilizing invasive REG (via 
insertion of steel electrodes into the parietal 
cortex), ICP monitoring, and MAP monitor-
ing (via femoral artery catheters), a strong 
correlation existed between REGx and PRx 
(Spearman r=0.63, p< 0.0001). In addition, 
this study demonstrated CBF AR limits for 
CPPs < 30mmHg and > 60mmHg28. A study 
evaluating pigs also determined a strong cor-
relation between invasive REGx and PRx 

values (Spearman r=0.44, p< 0.001). However, this study 
also determined that in monkeys utilizing a non-invasive 
REGx (with surface electrodes)49, close agreement be-
tween REGx and an expert consensus could be achieved 
when determining the lower limit of AR50.

The potential to utilize REGx in humans for AR moni-
toring has also been demonstrated. In a case series of three 
patients, the worsening of REGx was shown to be associ-
ated with neurological pathologies such as hydrocephalus 
and worsening cerebral edema after a malignant middle 
cerebral artery stroke. Interestingly, in this case, series, 
worsening intracranial compliance was also demonstrated 
by increased peak P2 amplitude of the REG waveforms21 
(Figure 4). 

In an animal study, REG correlated well with laser 
Doppler flowmetry when animals were subject to carbon 
dioxide exposure41. In healthy human volunteers subjected 
to cerebrovascular reactivity tests (breath holding, hyper-
ventilation, Valsalva maneuver, Trendelenburg test), REG 
as measured by bipolar electrodes placed in the frontotem-

Figure 1. Effect of clamping of common carotid arteries. Following 
the first clip placement on the left carotid artery, the rheoencephalo-
gram (REG) amplitude (filtered REG) decreased; the placement of the 
second clip on the right carotid artery had no further decrease. During 
the clamping period, there was no pulse amplitude observed in either 
carotid trace. For better visibility, the recording traces were blown up; 
the real flow calibration values appear on the right side. Amplification 
of left and right carotid flow differed. A few minutes after the removal 
of one clip from the right carotid artery, REG amplitude moderately 
increased, and after the removal of the second clip from the left carotid 
artery, the REG amplitude returned slightly above the baseline level. 
Similarly, both carotids showed a slight hyperemic reaction. The base-
line systemic arterial pressure (SAP) value was 135/80 mm Hg; during 
clamping, the minimal value was 80/40 mm Hg. The rat/trial ID was 
5-23-02/11. REG was an intrahemispherical (left side) derivation. The 
time window was 10 min; the REG filter was 3–100 Hz. ECG: electro-
cardiogram33
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poral region was found to be comparable to more tradition-
al monitoring tools such as NIRS, TCD, and laser Doppler 
flowmetry40. In another case series with 19 healthy volun-
teers, bipolar bifrontal and bitemporal REG devices were 
placed on healthy human volunteers subjected to Trende-
lenburg positioning. The position changes lead to peaked 
P2 waveforms in the REG pulse waveforms, mimicking 

changes noted in ICP waveforms that occur with worsen-
ing intracranial compliance22 (Figure 5). 

CBF AR was compared using a few neuromonitoring 
methods and REG indicated the earliest breakdown of 
CBF AR in a pig study51, 52. This was the basis suggesting 
REG CBF AR monitoring for combat casualty care during 
transport of wounded service members. The non-invasive 

Table 1. Summary of REG studies (1975-2023) and REG devices used. Metal fragment study involved in vitro and in 
vivo measurements. Several hundred Cerberus measurements were excluded from this list since there was no data 
processing and/or PubMed-accessible publication 

Paper Test In 
vitro

Species N/trial REG Device N Trial

Bodo et al (2008)38 Rural screening Human 564 Cerberus 564 564

Szalay et al (2006)54 Psychiatric patients Human 82 Cerberus 82 82

Bodo et al (2017)40 CBF AR tests* Human 14/84 Cerberus 14 84

Cannizzaro et al (2023)21 CBF AR Human 13/28 Cerberus 13 28

Szabo et al (2024)22 REGx & Peak 2 Human 19/133 Medicor 19 133

Bodo et al (2003)42 Brain electro-stimulation Rat 8 UFI 8 8

Bodo et al (2003)42 Aortic compression Pig 1/4 Galileo 1 4

Bodo et al (2003)42 CO2/O2 inhalation Rat 16/84 Medicor, Galileo, 
UFI

16 84

Thuroczy et al (1994)65 Microwave Rat 40 Medicor 40 40

Bodo et al (2004)33 Carotid clamping Rat 5/13 Galileo 5 13

Bodo et al (2005)50 Hemorrhage Rat 14 Galileo 14 14

Bodo et al (2005)55 Liposome infusion Pig 24/57 Galileo 24 57

Brady et al (2010)28 Hemorrhage, PEEP Pig 55/152 Galileo 55 152

Bodo et al (2010)49 SD Rat 1/4 Galileo 1 4

Brady et al (2010)28 Hypotension Pig 17 Galileo 17 17

Bodo et al (2015)26 Vinpocetine Rat 12/95 Galileo, Cerberus 12 95

Bodo et al (2010)34 ICP/NaCl Rat 2/7 MIC, Galileo 2 7

Bodo et al (2018)26 PRx & REGx Pig 13/39 Galileo 13 39

Ahmed et al (2010)61 Metal fragment + Rat 12/92 Galileo, Cerberus 12 92

Bodo et al (2010)25 Flow/volume + Galileo, Cerberus

Bodo et al (1986)43 CO2 inhalation Human 6 Galileo 6 6

Bodo et al (1998)27 Correlations Human 13/130 Cerberus 13 130

Bodo et al (1986)43 ICP increase Cat 6 Galileo 6 6

Bodo et al (1986)43 ICP increase Dog 6 Galileo 6 6

Human 711 1027

Animal 232 638

Total 943 1665

CO2: carbon dioxide, ICP: intracranial pressure, O2: oxygen, PEEP: positive end-expiratory pressure, CBF: cerebral blood flow, AR: 
autoregulation, NaCl: sodium chloride, PRx: pressure reactivity index, REGx: rheoencephalography index
*Cerebrovascular challenges were the following: 30-second breath-holding, hyperventilation, carbon dioxide inhalation, Valsalva 
maneuver, head-down tilt (HDT), and inverted HDT position.
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nature of REGx, facilitated by modern elec-
tronics and computation, has made it worth-
while to re-evaluate REG for continuous 
ICP and CBF AR monitoring. 

Application of REG

The digitization of REG data processing al-
lowed for the identification of pathological 
ICP changes, the determination of chronic 
atherosclerosis, and the measurement of 
CBF AR. Both chronic and acute changes 
have been appreciated through REG mon-
itoring and data processing 

In one study, chronic atherosclerotic 
changes, a change thought to occur in meno-
pausal women, were demonstrated through 
morphological flattening and prolongation of 
the REG curve53. In another setting, REG’s 
sensitivity to age-related decreases in vessel 
wall elasticity has made it a valuable tool for 
primary stroke and cardiovascular screening, 
potentially offering advantages over Doppler 
ultrasound27, 38. Cerebrovascular alterations 
have been successfully identified using REG 
across various contexts, highlighting its po-
tential as a valuable diagnostic tool. In a 
healthy population screening, REG detect-
ed cerebrovascular changes in 54.29% of 
cases, compared to 34.24% using internal 
carotid flow measurements38. This ability 
to capture subtle vascular changes extends 
to clinical populations as well; for instance, 
REG identified cerebrovascular alterations 
in psychiatric patients with alcoholism54. 
Furthermore, in a pig model, REG detect-
ed transient brain vasospasms that occurred 
before systemic cardiorespiratory reactions 
induced by complement activation and cy-
tokine storms during Doxil infusion55. No-
tably, this inflammatory response is similar 
to what is observed in COVID-19 patients 
in intensive care units, suggesting that REG 
monitoring could offer critical insights for 
managing these patients. The connection be-
tween neuroinflammation and brain function 
further underscores the relevance of REG in 
these clinical scenarios56.

The identification of changes in REG 
curve morphology can potentially allow for 
acute interventions as well. For instance, 
in long-duration space flight, microgravity 
and increased CO2 concentration increases in ICP have 
been associated with optic disc edema, globe flattening, 
choroidal and retinal folds, hyperopic refractive error 

shifts, and nerve fiber layer infarcts, which is known as 
spaceflight-associated neuro-ocular syndrome (SANS)57. 
Additionally, prolonged spaceflight impairs CBF AR, re-

Figure 2. REG pulse wave (red) and its relationship to the electrocar-
diogram (blue). The X-axis is in seconds

Figure 3. Slow waves of arterial blood pressure (ABP), and intracranial 
pressure (ICP) are compared with a trend of pulse-frequency amplitude 
changes in rheoencephalography (REG FundA) in animal study. Slow 
waves of ICP are phase-shifted concerning slow waves of ABP in this 
normotensive animal. The ICP slow waves are recapitulated in the REG 
fund28

Figure 4. REGx and REG waveform morphology of a patient. In the 
beginning, the REGx mean was 0.61 ± 0.001 and at the end, it was − 
0.49 ± 0.139; an average of 4 min (CBF AR is passive close to + 1 and 
active close to − 1). Accordingly, at the beginning, the REG pulse wave 
2nd peak was higher, reflecting elevated ICP, while at the end peak 1 
was higher, reflecting decreased ICP. REG electrodes were on the left 
frontotemporal area. REG anacrotic time 102.5 msec (mean of N = 10 
pulse waves), reflecting non-sclerotic brain arteries. The time window of 
REGx is 36 min. Patient #321

 IC compilance decreased

IC compilance normal

REGx
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sulting in orthostatic intolerance, headaches, 
and reduced neurocognitive performance58. 
The acute CBF AR changes elicited by space 
flight can also be applied in prolonged space 
environments. For instance, in the Interna-
tional Space Station, carbon dioxide concen-
trations are higher than on Earth, resulting 
in increased cerebral blood volume. REG 
has been used in the Salyut 4 space station 
to evaluate for cerebral blood vessel fill-
ing59. In even more austere environments 
such as the cockpit of a fighter jet, pilots 
are subject to extreme G-forces, which can 
disrupt brain circulation and lead to G-in-
duced loss of consciousness (G-LOC). The 
Canary™ system, integrated into the Helmet 
Mounted Display (HMD) system, measures 
blood perfusion and provides early warning 
of developing hypoxia, helping to prevent 
G-LOC and enabling autopilot recovery60. 
With increased digitization and more recent 
literature associating REG waveform mor-
phology with ICPs, further utilization of 
portable ICP monitors via REG may be possible in future 
manned space flights. 

In resource-deprived environments, such as theaters of 
war or rural settings, where early identification of CFB AR 
in severe brain injury is crucial for triaging and improving 
survival rates, REG could be utilized. In cases of victims 
of gunshot wounds, REG can evaluate ICP without inter-
ference from metal fragments, which often compromise 
imaging quality61. Utilization of REG in any of these sce-
narios is critical in early detection, which can guide initial 
resuscitation efforts and address secondary injuries such 
as traumatic vasospasm, ultimately improving clinical 
outcomes62.

By providing real-time, non-invasive insights into ce-
rebral circulation, REG could become a key tool in both 
clinical and research applications.

Limitations and future directions
For a medical diagnostic method to be widely adopted, it 
must be accepted by medical societies and experts, sup-
ported by guidelines and standards, have available devices, 
and be approved by government authorities and medical 
insurance companies. Currently, REG is not yet ready for 
first-line clinical use due to limited standardization and 
clinical validation.

Several limitations of REG currently exist and need to 
be addressed in future studies. Although digital advance-
ments have reduced artifacts, bipolar REG pulse waves 
still face challenges due to artifacts created by heart-
beat-related pulsation and basic impedance. REG pulse 

waves are also highly sensitive to movement artifacts, like 
electroencephalography (EEG). Future studies evaluating 
REG will need to systematically address these artifacts, 
how EEG recording manages them. Additionally, correla-
tion with physiological parameters can be difficult because 
impedance (measured in ohms) has no direct physiolog-
ical equivalent, unlike metrics such as mmHg, which is 
used to measure MAP or ICP. Furthermore, there is no 
international standard for electrode placement in REG, 
unlike in electrocardiography or EEG. This lack of stan-
dardization could result in inconsistent results across stud-
ies. However, the use of arteriosclerotic threshold (REG 
anacrotic time >180 msec) was a practical help in popu-
lation screening and comparison to Doppler carotid flow 
measurement27, 37, 38. 

It was documented that REG reflects intracerebral cir-
culation63. However, REG also does not allow for differ-
entiation between different cranial compartments, such as 
intracranial blood versus cerebrospinal fluid spaces. This 
limitation complicates its ability to provide specific infor-
mation regarding the precise source of observed changes. 
The absence of a comprehensive understanding of REG 
pulse wave morphology and its clinical implications fur-
ther limits its use in routine clinical practice. Future re-
search should focus on establishing normative data for 
REG waveforms and developing algorithms to interpret 
these data accurately across various clinical conditions.

In a study involving healthy human subjects, we 
used TCD and REG together to measure cerebrovas-
cular reactivity during a 30-second breath-holding test, 
where REG and NIRS values were higher compared 

Figure 5. Bifrontal and bitemporal REG pulse waveform at rest (con-
trol) and after subjected to cerebrovascular challenge (placement in 
Trendelenburg position for head-tilt down challenge). At the resting 
state, the REG pulse waveform mimics a normal ICP waveform with 
a peaked P1 waveform. However, when transitioning to the Trende-
lenburg position, a peaked P2 waveform is increased, demonstrating 
worsening intracranial compliance22
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to TCD22, 40. There is a limitation that invasive neuromon-
itoring is the lack of PRx standard in healthy subjects. 
One limitation of invasive neuromonitoring is the lack 
of a PRx standard for healthy subjects. However, with 
non-invasive bioimpedance methods, an REGx standard 
can be developed. A future goal is to validate the “solid 
red line” for REGx, which could serve as an alarm trigger 
for staff in neurocritical care units64.

Conclusion
We presented measurement-based evidence demonstrat-
ing the correlation of REG with other CBF methods as 
well as ICP. The correlation of CBF AR with REG was 
extensively detailed in Table 1. Additional correlations 
and comparisons with other modalities can be found in 
Table 1 and related publications. Although CBF AR can 
be reliably measured through invasive tools such as the 
pressure reactivity index (PRx), non-invasive options re-
main elusive. Monitoring non-invasive REG and REGx 
may provide a quick and feasible way to measure CBF 
AR, with REGx functioning similarly to PRx by utilizing 

moving correlation coefficients of REG and MAP. Studies 
have suggested an adequate correlation between REGx 
and PRx, indicating that REGx could serve as a valuable 
tool for assessing CBF AR in austere environments where 
portability and ease of use are critical.

The integration of REG into clinical practice has the 
potential to transform neuromonitoring, particularly into 
settings where invasive methods are not feasible. As com-
puterization advances, a new, miniaturized REG device 
will likely emerge, like how CT and MRI have evolved in 
medicine. The current era, characterized by rapid techno-
logical advancements, holds promise for the development 
of a compact and portable REG device that can be utilized 
for real-time, non-invasive monitoring in both clinical and 
remote settings. This could extend to military, aerospace, 
and space research applications, where traditional invasive 
monitoring tools are impractical.

This historical trajectory of REG development, from its 
initial conception to its current form, mirrors the evolution 
of other medical diagnostic devices. As such, its future 
potential should not be underestimated, particularly in the 
realm of life-saving monitoring and beyond.
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Background and purpose – The role of 
synaptic dysfunction in focal epilepsy of 
unknown cause is not well understood. 
Neurogranin is a post-synaptic protein used 
as a biomarker of synaptic disintegration in 
patients with dementia.
Methods – To evaluate the association 
between synaptic loss, cognitive impairment 
and seizure activity in epilepsy, we collected 
sera of 51 patients with focal epilepsy of 
unknown cause, 26 with frontal lobe epilepsy 
(FLE) and 25 with mesial temporal lobe 
epilepsy with hippocampal sclerosis (MTLE-
HS), and 25 healthy controls. Serum neuro-
granin levels were measured by ELISA and 
we sought for potential correlations between 
neurogranin levels versus clinical features, 
cognitive test and quality of life scores of the 
patients.
Results – Neurogranin levels were significant-
ly reduced in MTLE-HS patients as compared 
to FLE patients and healthy controls but were 
not correlated with any of the clinical and 
cognitive variables. Both FLE and MTLE-HS 
patients with treatment resistance showed 
significantly reduced neurogranin levels.
Conclusion – Our results suggest that 
MTLE-HS patients suffer from reduced 

Az ismeretlen okú fokális epilepsziában 
szenvedő, kezelésre rezisztens betegek 
csökkent neurograninszintet mutatnak: 
előzetes tanulmány
Şişman AB, MD; Savaş, M, MD; Koral G, MD; 
Bayar MD, MD; Yildiz O, MD; Mutlu A, MD; 
Yilmaz V, MD; Tüzün E, MD; Çokar Ö, MD

Bevezetés – Nem ismert eléggé a szinap
tikus diszfunkció szerepe az ismeretlen okú  
fokális epilepsziában. A neurogranin egy  
posztszinaptikus fehérje, amelyet demen
ciában szenvedő betegeknél a szinaptikus 
dezintegráció biomarkereként használnak.
Módszerek – A szinaptikus veszteség, a kog-
nitív károsodás és a rohamaktivitás közötti 
kapcsolat értékelésére epilepsziában 51, is-
meretlen okú fokális epilepsziában szenvedő 
beteg, ezen belül 26 frontális lebeny epilep-
sziás (FLE) és 25 mesialis temporalis lebeny 
epilepsziás plusz hippocampalis sclerosisos 
(MTLE-HS) beteg, valamint 25 egészséges 
kontrollszemély szérumát gyűjtöttük össze. 
A szérum neurograninszintjét ELISA-val 
mértük, és kerestük a neurograninszint és a 
betegek klinikai jellemzői, kognitív tesztered-
ményei és életminőségi pontszámai közötti 
lehetséges összefüggéseket.
Eredmények – Az MTLE-HS-betegek 
neurograninszintjei szignifikánsan kisebbek 
voltak, mint az FLE-betegeké és az egészsé-
ges kontrolloké, de nem korreláltak a klinikai 
és kognitív változók egyikével sem. Mind az 
FLE-betegek, mind a kezelésre rezisztens 
MTLE-HS-betegek esetében szignifikánsan 
kisebbek voltak a neurograninszintek.
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Epilepsy is one of the most frequent neurological disor-
ders and is characterized by not only seizures occur-

ring due to abnormal electrical activity of the brain, but 
also accompanying cognitive and behavioral impairment1. 
This impairment may also occur in epilepsy patients with 
no identifiable etiology and is at least partially associated 
with structural disintegration and loss of neurons, as ob-
served in mesial temporal lobe epilepsy with hippocampal 
sclerosis (MTLE-HS)2. Cognitive impairment is found not 
only in MTLE-HS but also in other focal epilepsy patients 
with no determined cause3, 4.

There is increasing evidence regarding the impact of 
synaptic breakdown on cognition in Alzheimer disease, 
mild cognitive impairment and other disorders presenting 
with dementia5–7. On the other hand, the contribution of 
synaptic damage to seizures and cognitive dysfunction has 
been vastly understudied in epilepsy patients. 

Neurogranin is a post-synaptic protein enriched in den-
dritic spines, is mostly found in hippocampus and pyrami-
dal neurons of the cortex, is a well-established marker of 
synaptic integrity and viability and its levels are increased 
in patients with neurodegenerative disorders5. Neurogr-
anin is involved in synaptic plasticity, regeneration and 
long-term memory mediated by calcium-calmodulin 
pathway8. While neurogranin levels are well known to 
be increased in patients with dementia5–7, there are only a 
few studies focused on neurogranin level measurements in 
epilepsy patients. Serum neurogranin levels are increased 
in patients experiencing epileptic seizures and in patients 
with traumatic brain injury presenting with seizures and 
structural cerebral lesions9, 10. Hippocampal neurogranin 
expression is altered in parallel to an increase in epileptic 
activity, in both animal models of epilepsy11, 12 and mouse 
hippocampal CA1 neurons perfused with calcium free ar-
tificial cerebrospinal fluid13.

Given the established role of neurogranin in synap-
tic integrity and cognitive function, this synaptic protein 
might putatively partake in seizure activity and cognitive 
decline in patients with epilepsy. In this study, our aim was 
to investigate whether serum levels of neurogranin may 
serve as a potential biomarker in monitorization of seizure 
activity and cognitive impairment in focal epilepsies. 

Materials and methods

Patient cohorts and clinical evaluation 

We consecutively recruited 51 focal epilepsy patients 
of unknown cause, 26 with frontal lobe epilepsy (FLE) 
and 25 with MTLE-HS and 25 age/sex-matched healthy 
controls (HC) (Table 1). Informed consent was obtained 
from all participants included in the study. All procedures 
performed in the study involving human participants were 
in accordance with the ethical standards of the institutional 
review board.

In all patients, a detailed clinical and laboratory in-
vestigation failed to yield a clue for the etiology of sei-
zures. Epileptic syndromes were diagnosed according to 
the 2017 International League Against Epilepsy (ILAE) 
classification14. All patients underwent a detailed neuro-
logical evaluation with clinical examination, seizure his-
tory and routine EEG with scalp electrodes (32 channels, 
noninvasive EEG monitoring with 10-20 system elec-
trodes and ECG electrodes). In addition, wake and sleep 
video EEG monitoring were performed for all epilepsy 
patients included. Moreover, all patients underwent mag-
netic resonance imaging (MRI) with 1.5 T scanners. The 
imaging was done in accordance with the recommended 
harmonized neuroimaging of epilepsy structural sequences 
(HARNESS) protocol. In MRI examinations of all MTLE-

synaptic protein production rather than 
increased synaptic breakdown. Reduction 
of neurogranin is associated with resistance 
to anti-epileptic treatment implying the role 
of this protein in the control of seizures. 
Neurogranin might serve as a biomarker 
for monitorization of seizure activity in focal 
epilepsies.

Keywords: neurogranin, focal epilepsy, 
treatment-resistant epilepsy, synaptic dys-
function, cognitive impairment

Következtetés – Eredményeink arra 
utalnak, hogy az MTLE-HS-betegek inkább 
csökkent szinaptikusfehérje-termelés, 
mintsem fokozott szinaptikus lebomlás miatt 
szenvednek. A neurogranin szint csökkené-
se összefügg az antiepileptikus kezeléssel 
szembeni rezisztenciával, ami arra utal, hogy 
ez a fehérje szerepet játszik a rohamkontroll-
ban. A neurogranin biomarkerként szolgálhat 
a rohamtevékenység monitorozására fokális 
epilepsziákban.

Kulcsszavak: neurogranin, fokális epi-
lepszia, kezelésre rezisztens epilepszia, 
szinaptikus diszfunkció, kognitív károsodás
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HS patients, combined T2-FLAIR hippocampal hyperin-
tensity and atrophy findings were detected and thus these 
patients were classified as hippocampal sclerosis. Patients 
with abnormal MRI features other than hippocampal atro-
phy (e.g., tumor, infection, stroke etc.), comorbid medical 
conditions and pregnancy were excluded. Genetic screen-
ing was not performed for these patients, because they 
did not have a family history of epilepsy or additional 
findings suggestive of developmental delay or epileptic 
encephalopathy.

None of the patients were under any medication other 
than anti-epileptic drugs, had experienced seizures in the 
last 15 days during blood sampling and undergone epi-
lepsy surgery. Resistance to anti-epileptic treatment was 
determined according to the ILAE criteria14. 

All participants received verbal fluency, Turkish non-
word repetition, number span-forward-backward, symbol 
cancellation, Stroop and Rey-Osterrieth complex figure 
tests for cognitive evaluation. Additionally, quality of life 
in epilepsy inventory-31 (QOLIE-31) was introduced to 
all epilepsy patients15 to measure the effect of epilepsy on 
life quality.

ELISA

All sera were collected between 8-10 AM and stored at 
-80°C until use. Serum neurogranin levels were mea-
sured with an ELISA kit (Bioassay Technology Labora-
tory, Shanghai, China) according to the manufacturer’s 
instructions. Optical densities were measured at 450 nm, 
concentrations were calculated by reference to the stan-
dard curves and results were expressed as pg/ml.

Statistical analysis

Two-group comparisons were done by Mann Whitney U 
test, whereas three-group comparisons were done by Krus-
kal-Wallis and Dunn’s post-hoc test. Categorical variables 
were compared with chi-square test. Correlation studies 
were conducted with Pearson’s correlation test. p < 0.05 
was considered as statistically significant.

Results

Clinical assessment of epilepsy patients

In the FLE group, the seizure type was compatible with 
focal onset motor seizures. In the wake and sleep video 
EEG examinations of the FLE patient group, a frontal fo-
cus was detected in the interictal period. In the MTLE-HS 
group, patients predominantly had focal seizures with or 
without auras and with impairment of consciousness and 
less frequently focal seizures evolving to bilateral con-
vulsive seizures. In video EEG examinations, a temporal 

focus was detected in all patients in the interictal period. 
Extratemporal foci and interictal nonspecific slow waves 
were found in 4 and 18 patients, respectively. MRI did 
not show cortical malformations in any of the epilepsy 
patients.

FLE and MTLE-HS patients showed comparable dis-
ease durations and seizure frequencies. Similarly, verbal 
fluency, backward/forward number span, symbol cancel-
lation and Beck depression scale scores were identical be-
tween FLE and MTLE-HS patients. By contrast, non-word 
repetition scores were significantly lower in MTLE-HS 
(but not FLE) patients than healthy controls (p<0.05 by 
Tukey’s test). Both FLE and MTLE-HS patients showed 
worse performance in Stroop and Rey-Osterrieth complex 
figure tests than healthy controls (p<0.05 for both FLE vs 
control and MTLE-HS vs control by Tukey’s test). Also, 
MTLE-HS patients had lower QOLIE-31 inventory scores 
in energy/fatigue and cognitive function tests than FLE 
patients (Table 1).

Serum neurogranin level measurements

MTLE-HS patients showed significantly lower serum 
neurogranin levels than FLE patients and healthy con-
trols. Although FLE patients also showed trends towards 
displaying lower neurogranin levels, this difference did 
not attain statistical significance (Figure 1). Pearson test 
failed to show a significant correlation between neurogr-
anin levels versus age, disease duration, seizure frequency, 
cognitive test scores and QOLIE-31 inventory scores in 
healthy controls (p=0.121-0.870; R=0.034-0.367), FLE 
(p=0.248-0.978; R=0.183-0.342) and MTLE-HS patients 
(p=0.187-0.979; R=0.182-0.265). However, in both FLE 
and MTLE-HS patient groups and in the combined group 
of FLE+MTLE-HS patients, neurogranin levels of treat-
ment resistant patients were significantly lower than those 
of treatment responsive ones (Figure 1).

Discussion
In this study, we showed that neurogranin levels show 
trends towards decreasing in sera of patients with focal 
epilepsy of unknown cause and particularly MTLE-HS 
patients display remarkably reduced neurogranin levels 
compared to other patients with focal epilepsy and healthy 
controls. These results argue against the presence of a 
chronic and active synaptic breakdown process in focal 
epilepsies. By contrast, focal epilepsy patients appear to 
have reduced synaptic protein production and patients with 
reduced neurogranin levels exhibit anti-epileptic treatment 
resistance. These findings may indicate aberrant synaptic 
reorganization and plasticity particularly in MTLE-HS pa-
tients, as demonstrated previously16–18. As a matter of fact, 
neurogranin has been linked to enhancement in synaptic 
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plasticity and cognitive functions through modulation of 
Ca2+/calmodulin signaling in glutamatergic neurons19, 20. 
Thus, reduced neurogranin production may contribute to 
epileptogenesis and associated neuropsychological side 
effects in focal epilepsies. Similarly, treatment resistance 
in focal epilepsy may reflect aberrant or ineffective syn-
aptic buildup. 

A similar reduction in cerebrospinal fluid (CSF) lev-
els of synaptic proteins visinin-like protein 1 (VILIP-1), 
SNAP-25, neurogranin was found in autoimmune enceph-
alitis patients with NMDA receptor and LGI/CASPR2 an-
tibodies in parallel to an increase in neuroinflammation 
markers. CSF levels of synaptic proteins were correlated 
with disease severity, as well21. Given the significance of 
neuroinflammation in focal epilepsy of unknown cause 
and autoimmune encephalitis22, 23 and findings of the pres-
ent study, one may argue that reduced synaptic protein 

production is a bystander effect of neuroinflammation. It 
may also be worth investigating the levels of synaptic pro-
teins in chronic suspected autoimmune epilepsies. 

Our findings contradict with a recent study having 
shown increased serum neurogranin levels in patients with 
active seizures9. This discrepancy can be explained by two 
differences between the present and previous studies. First, 
all our patients were in the interictal period and were de-
void of active seizures during blood sampling. Secondly, 
our study was focused on patients with focal epilepsy, 
whereas the previous one included epilepsy patients with 
a wide range of etiologies.

In great likeness to several previous studies24–26, we 
found impaired cognitive function scores in focal epilepsy 
patients as compared to healthy controls with identical age, 
sex and depression scale scores. Focal epilepsy patients 
showed particularly worse scores in non-word repetition 

Table 1. Demographic and clinical features of patients with frontal lobe epilepsy (FLE) of unknown cause, mesial 
temporal lobe epilepsy (MTLE-HS) with hippocampal sclerosis and healthy controls (HC)

FLE (n=26) MTLE-HS (n=25) HC (n=25) p value

Age 39.5 ± 11.7 40.7 ± 10.5 40.9 ± 10.8 0.825

Sex (men/women) 12/14 15/10 16/9 0.401

Disease duration 13.5 ± 7.5 12.7 ± 8.0 NA 0.649

Monthly seizure frequency 1.8 ± 6.5 1.4 ± 1.6 NA 0.757

Treatment responsive/resistant 22/4 17/8 NA 0.162

Verbal Fluency 13.5 ± 3.2 12.6 ± 3.5 13.9 ± 4.2 0.561

Non-word repetition 14.3 ± 1.5 13.2 ± 1.6 14.8 ± 1.4 0.002

Number span-forward 6.2 ± 0.9 5.7 ± 0.8 6.1 ± 0.9 0.109

Number span-backward 3.8 ± 0.9 3.9 ± 0.6 4.1 ± 1.1 0.408

Symbol cancellation 58.3 ± 1.8 57.4 ± 2.2 58.1 ± 2.0 0.323

Beck depression scale 10.8 ± 3.5 11.7 ± 2.6 10.2 ± 2.5 0.199

Stroop (seconds) 51.2 ± 3.6 52.2 ± 3.0 45.8 ± 6.9 0.001

Stroop (number of errors) 2.1 ± 0.8 2.6 ± 0.9 1.6 ± 1.2 0.002

Rey-Osterrieth complex figure 29.3 ± 8.5 25.8 ± 8.6 32.5 ± 4.6 0.007

Quality of life in epilepsy inventory-31

Seizure worry 40.1 ± 15.3 39.6 ± 12.6 NA 0.776

Overall quality of life 56.3 ± 9.5 53.1 ± 10.7 NA 0.694

Emotional well-being 49.4 ± 9.5 47.4 ± 11.5 NA 0.759

Energy/fatigue 39.8 ± 10.5 30.9 ± 12.0 NA 0.009

Cognitive function 52.5 ± 11.6 46.4 ± 11.3 NA 0.045

Medication effects 44.7 ± 17.1 50.9 ± 16.9 NA 0.371

Social function 54.4 ± 16.9 48.4 ± 12.0 NA 0.080

All parametric variables are written as mean ± standard deviation. Significant p values are denoted with bold charac-
ters. NA: not applicable.
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test, measuring phonological working mem-
ory capacity27, Stroop test evaluating inhibi-
tion of inappropriate response, recruitment 
of cognitive flexibility and maintenance of 
attention during simultaneous discrimina-
tion of similar features of a stimulus28 and 
Rey-Osterrieth complex figure test, assess-
ing the visuo-constructional ability and vi-
sual memory. The latter test evaluates mul-
tiple cognitive domains including attention, 
concentration, fine-motor coordination, vi-
suospatial perception, non-verbal memory 
and spatial orientation29. No correlation was 
found between cognitive and life quality test 
scores versus neurogranin levels, indicating 
that the range of influence of altered neuro-
granin expression does not encompass neu-
ropsychological functions and is restricted 
with seizure occurrence and anti-epileptic 
treatment responsiveness. 

Intriguingly, although both FLE and 
MTLE-HS patients have been shown to 
exhibit deficits in these domains in previ-
ous studies, in general FLE patients are ex-
pected to display worse performance than 
MTLE-HS patients in terms of cognitive 
test scores24–26. As for the subdomains, while 
memory impairment rates are similar among 
FLE and MTLE-HS patients, FLE patients show higher 
rates of impairment in aspects of language, visuospatial 
abilities and executive function26. The putative reason for 
lack of difference in cognitive tests might be the low num-
ber of treatment resistant patients especially in the FLE 
group and the low frequency of seizures in both FLE and 
MTLE-HS groups. Different combinations of anti-seizure 
drugs used by patients from both groups might have con-
founded cognitive test results, as well.

A novel finding in our study was the lower scores ob-
tained by MTLE-HS patients in energy/fatigue and cog-
nitive function subdomains of the QOLIE-31 inventory, 
since, to the best of our knowledge, FLE and MTLE-HS 
patients have never been compared previously in terms 
of QOLIE-31 inventory scores. Both FLE and MTLE-
HS patients displayed improved overall QOLIE-31 scores 
upon reduction of seizures by medical or surgical treat-
ment methods30, 31. A putative reason for worse QOLIE-31 
scores in the MTLE-HS patients might be the increased 
frequency of generalized seizures in this group, as opposed 
to FLE patients predominantly presenting with focal motor 
seizures, as indicated previously32.

Major limitations of our preliminary study were lack 
of neurogranin measurements in the CSF and absence of 
measurement of additional synaptic proteins including 
SNAP-25, α-synuclein and VILIP-1. Proteomics analyses 

utilizing brain samples of MTLE-HS patients and animals 
with artificially induced temporal lobe epilepsy indicate 
a high level of differentially expressed proteins enriched 
in synaptic vesicle formation and synaptic plasticity33, 34. 
Thus, future studies are required to address the biomarker 
value of other synaptic proteins in epileptogenesis and 
neuropsychological manifestations of focal epilepsy, as 
well. Finally, genetic screening was not performed for 
our patients, since none of the patients had a family his-
tory of epilepsy and clinical/EEG features did not meet 
criteria for any genetic epilepsy syndromes implicated in 
the ILAE classification. Nevertheless, it is conceivable 
that some of the patients may nevertheless have previ-
ously defined or as yet uncharacterized epilepsy-related 
mutations due to de novo mutations or mosaic mutation 
patterns. Thus, measurement of levels of synaptic pro-
teins in different genetic subgroups of focal epilepsy is 
recommended.

In brief, our preliminary study focused on patients with 
focal epilepsy shows, for the first time to our knowledge, 
decreased neurogranin levels, which are associated with 
treatment resistance. Our results corroborate the notion 
that aberrant synaptic functioning is crucially involved 
in focal epilepsy of unknown cause and bring forward 
neurogranin as a potential biomarker that can be used for 
monitorization of treatment response in epilepsy.

Figure 1. Serum neurogranin levels of patients with frontal lobe epi-
lepsy (FLE), mesial temporal lobe epilepsy with hippocampal sclerosis 
(MTLE-HS) and healthy controls (HC) (upper panel) and of drug-resist-
ant and responsive patients in the FLE (lower left panel), MTLE-HS (low-
er middle panel) and combined FLE+MTLE-HS cohorts. p values on the 
upper left corner of the panels are obtained by Kruskal-Wallis (upper 
panel) and Mann-Whitney U (lower panels)
*p<0.05; **p<0.01 were obtained by Dunn’s post-hoc test.
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Background and purpose – Stroke is one 
of the leading causes of death and disability 
worldwide. Mental health problems occur in 
approximately one-third of stroke patients 
and have a negative impact on morbidity and 
mortality. With this study, we aimed to exam-
ine the effects of increasing knowledge about 
stroke risk factors, symptoms, and treatment 
on post-stroke anxiety and prognosis.
Methods – The research was conducted as 
a single-center, prospective study. Among 
871 patients, 181 patients who were met the 
criteria were included in the study. Demogra
phic data and etiological factors were exam-
ined. Patients were scored according to the 
Beck Anxiety Index at one-month follow-up, 
and statistical analyses were performed 
by determining modified Rankin scores at 
three-month follow-up.
Results – The mean age of the individuals 
participating in the study was determined 
to be 66.60± 13.26 years. A weak level of 
statistically significant negative correlation 
was observed between age and Beck Anxiety 
Index Score. No significant relationship 
was observed between anxiety and scale 
infarct localization. Significant differences 
were found in the responses to questions 
evaluating stroke awareness according to 
age. A significant difference was found in the 
comparison of educational status based on 
known stroke risk factors. As the number 
of known stroke risk factors increased, the 
mean age decreased. It was shown that 
those who were aware of stroke treatment 

A stroke utáni szorongás és a stroke- 
tudatosság közötti kapcsolat, valamint 
a stroke-tudatosság prognózisra  
gyakorolt hatásainak értékelése
Akpinar A, MD; Ak PD, MD; Aslan IK, MD; 
Sever N, MD; Gözke E, MD

Bevezetés – A stroke világszerte a halálozás 
és a rokkantság egyik vezető oka. A stroke-
betegek körülbelül egyharmadánál fordul elő 
mentális egészségügyi probléma, ami negatív 
hatással van a morbiditásra és a mortalitás-
ra. Tanulmányunkkal azt kívántuk megvizsgál-
ni, hogy a stroke kockázati tényezőivel, tüne-
teivel és kezelésével kapcsolatos ismeretek 
bővülése milyen hatással van a stroke utáni 
szorongásra és a prognózisra.
Módszerek – A kutatást egy központú, pros
pektív tanulmányként végeztük. 871 stroke-
beteg közül 181 beteg felelt meg a bevonási 
kritériumoknak. Rögzítettük a demográfiai 
adatokat és az etiológiai tényezőket. A be
tegeket az egy hónapos utánkövetéskor 
pontoztuk a Beck-szorongásindex szerint, és 
statisztikai elemzéseket végeztünk a három 
hónapos utánkövetéskor a módosított Ran
kin-pontszámok meghatározásával.
Eredmények – A vizsgálatban résztvevők 
átlagéletkora 66,60 ± 13,26 év volt. Az életkor 
és a Beck-szorongásindex pontszáma között 
gyenge, statisztikailag szignifikáns negatív 
korrelációt figyeltünk meg. A szorongás és az 
infarktus lokalizációja között nem észleltünk 
szignifikáns kapcsolatot. A stroke-tudatossá-
got értékelő kérdésekre adott válaszokban 
az életkor szerint szignifikáns különbségeket 
találtunk. Szignifikáns különbséget találtunk 
az iskolai végzettség összehasonlításában az 
ismert stroke kockázati tényezők alapján. Az 
ismert stroke kockázati tényezők számának 
növekedésével csökkent az átlagéletkor. 
Kimutattuk, hogy akik tisztában voltak a 
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Stroke has social, economic, and psychological impacts 
on affected individuals; individuals may require con-

stant care, significantly affecting their lives and those of 
their close relatives1. Increasing the community’s knowl-
edge about stroke, both in terms of eliminating stroke-re-
lated risk factors and promptly seeking medical attention 
after stroke onset, is important2. The time of hospital ad-
mission is the most crucial factor in acute stroke treatment. 
Recognizing patients’ symptoms and promptly seeking 
emergency care can improve clinical outcomes by ensur-
ing appropriate treatment3.

Mental health problems occur in approximately one-
third of stroke patients, negatively impacting morbidity 
and mortality. Depression and anxiety are most commonly 
observed in stroke patients. Anxiety is observed in approx-
imately 21% of stroke patients and it reduces the quality 
of life4. Despite its widespread occurrence, there are few 
studies in the literature on post-stroke anxiety, and more 
information is needed for its prevention, screening, ear-
ly diagnosis, and treatment in stroke patients. This could 
positively contribute to the quality of life of patients and 
caregivers and improve patients’ prognosis4, 5.

This study aimed to examine the effects of increasing 
knowledge about stroke risk factors, symptoms, and treat-
ment on post-stroke anxiety and prognosis.

Materials and methods
The research received ethical approval from the Clinical 
Research Ethics Committee of the T.C. Ministry of Health, 
Health Sciences University Fatih Sultan Mehmet Training 
and Research Hospital, with approval number FSMEAH-
KAEK 2022/9 dated 27.01.2022, and our study was con-
ducted in accordance with the Helsinki Declaration. The 
research was conducted as a single-center, prospective 
study. A questionnaire was developed to measure the 
general level of knowledge about stroke through a litera-
ture review. Face-to-face interviews were conducted with 
non-aphasic, fully oriented patients who were admitted to 
our Neurology Clinic with a diagnosis of ischemic cere-
brovascular disease between 01.02.2022 and 01.02.2023 
and treated for first-time stroke. Questions from the ques-
tionnaire were directed to the patients during the first-
day admission by the physician, and general information 

sought medical help earlier. Individuals who 
were aware of stroke symptoms had higher 
3rd-month modified Rankin Scale scores. 
Significant difference was found in the 
responses to the question “What symptoms 
occur in stroke survivors?” based on Beck 
Anxiety Index scores.
Conclusion – This study investigated the re-
lationship between post-stroke anxiety and 
demographic variables, infarct localization, 
stroke awareness, factors influencing stroke 
awareness, patients’ sources of information, 
factors affecting early hospital admission, 
and the impact of stroke awareness and 
post-stroke anxiety on prognosis. Studies 
aimed at increasing the knowledge level of 
patients with lower education levels and 
the elderly regarding stroke may contrib-
ute to their early hospital admission and 
improvement in prognosis if they experience 
a stroke. However, careful attention should 
be paid to anxiety in follow-ups of patients, 
especially in younger individuals with better 
knowledge about stroke.

Keywords: stroke, anxiety, 
stroke awareness

stroke kezelésével, korábban kerestek orvosi 
segítséget. A stroke tüneteivel tisztában 
lévő egyéneknek magasabb volt a 3. havi 
módosított Rankin-pontszáma. Szignifikáns 
különbséget találtunk a „Milyen tünetek 
fordulnak elő a stroke túlélőinél?” kérdésre 
adott válaszokban a Beck-szorongásindex 
pontszámai alapján.
Következtetés – Ez a tanulmány a stroke 
utáni szorongás és a demográfiai változók, az 
infarktus lokalizációja, a stroke-tudatosság,  
a stroke-tudatosságot befolyásoló tényezők, 
a betegek információforrásai, a korai kórházi 
felvételre ható tényezők, valamint a stroke-
tudatosság és a stroke utáni szorongás prog-
nózisra gyakorolt hatása közötti kapcsolatot 
vizsgálta. Az alacsonyabb iskolai végzettségű 
és idős betegek stroke-kal kapcsolatos 
ismereteinek növelését célzó vizsgálatok 
hozzájárulhatnak korai kórházi felvételükhöz 
és a prognózisuk javulásához, ha stroke-ot 
szenvednek el. A betegek nyomon követése 
során azonban gondosan oda kell figyelni 
a szorongásra, különösen a stroke-ról jobb 
ismeretekkel rendelkező fiatalabb betegek 
esetében.

Kulcsszavak: stroke, szorongás, stroke-tu-
datosság
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about stroke was assessed using this method. Among 871 
patients, 151 patients who met the criteria were included 
in the study. Demographic data of the participants were 
recorded. Infarct localization was determined by Diffusion 
Weighted MRI (DWI) imaging performed at admission. 
Etiological investigation for cerebrovascular disease was 
conducted, and the number of risk factors was noted.

Subsequently, during the first-month follow-up after 
discharge, interviews were conducted with these patients, 
and their anxiety statuses were evaluated by scoring them 
on the Beck Anxiety Index (BAI). Modified Rankin scores 
(MRS) of the patients were recorded at the third-month 
follow-up, and through statistical analysis, the effect of 
patients’ stroke awareness on anxiety and prognosis was 
examined.

Exclusion criteria were the following: patients under 18 
years of age; history of previous ischemic or hemorrhagic 
cerebrovascular disease; modified Rankin Score of 2 or 
above at initial presentation; history of known psychiatric 
illness; patients unable to communicate due to aphasia or 
severe sequelae; presence of additional diseases affecting 
their mental status.

Statistical analysis

In questions containing demographic information such as 
gender, marital status, education level, and smoking status, 
numbers (n) and percentages (%) were used to show the 
distribution of individuals’ responses.

The normal distribution suitability of continuous vari-
ables such as age, Beck Anxiety Scale score, and 3rd-
month Modified Rankin Scale (MRS) score was evaluated 
graphically and using the Shapiro-Wilks test. It was de-
termined that none of the continuous variables followed a 
normal distribution; therefore, Median (IQR - Interquartile 
Range) values were used in presenting descriptive statis-
tics. Additionally, Mean±  Standard Deviation values were 
used for descriptive statistical representation.

Cross-tables were created for comparing categorical 
variables according to education level, and numbers (n), 
percentages (%), and chi-square (χ2) test statistics were 
provided. Kruskal-Wallis non-parametric variance analysis 
was employed for comparing age and Beck Anxiety Index 
scores of individuals based on more than two categori-
cal variables in Stroke Awareness questions. Bonferroni 
correction was applied for pairwise comparisons, and the 
results of the analysis were provided. Mann-Whitney U 
test was used for comparing age and Beck Anxiety Index 
scores of two-group variables. Spearman non-parametric 
correlation coefficient was provided for the correlation 
analysis between Beck Anxiety Index score and 3rd-month 
Modified Rankin Scale score.

IBM SPSS Statistics 21.0 (IBM Corp. Released 2012., 
IBM SPSS Statistics for Windows, Version 21.0. Armonk, 
NY: IBM Corp.) and MS-Excel 2007 programs were used 

for statistical analysis and calculations. A significance le
vel of p<0.05 was considered statistically significant.

Results
The demographic characteristics of the individuals parti
cipating in the study are presented in Table 1.

The BAI scores of individuals participating in the study 
did not show significant differences among gender, edu-
cation level, marital status, or groups (p>0.05) (Table 2).

A weak level of statistically significant negative cor-
relation was observed between age and Beck Anxiety In-
dex Score (r=-0.285, p<0.001) (Table 3). There was no 
statistically significant relationship found between the 3rd 
month MRS score and Beck Anxiety Index score (p>0.05) 
(Table 3).

There was no significant relationship found between 
BAI score and infarction localization (p>0.05) (Table 4).

According to the responses given to the question 
“Known risk factors for stroke”, there was a statistically 
significant difference in age among individuals (F=13.747, 
p=0.008). As the number of known stroke risk factors 
increased, the mean age decreased. A significant differ-
ence in age was found among individuals in response to 
the question “What symptoms occur during a stroke?” 
(F=17.792, p=0.001). A significant difference in age values 
was also found among individuals in response to the ques-
tion “Is there a treatment for stroke?” (z=2.921, p=0.003). 
A summary of the comparison of age with other variables 
is provided in Table 5.

Significant difference was observed in the comparison 
of education levels based on awareness of stroke risk fac-
tors (χ2=71.205, p<0.001). Similarly, significant difference 
was observed in the comparison of education levels based 
on awareness of stroke symptoms (χ2=61.680, p<0.001). 
Regarding responses to the question “Is there a treatment 
for stroke?” significant difference was found in the com-
parison of education levels (χ2=12.460, p=0.006) (Table 5).

Significant difference was found in the comparison of 
responses to the question “At what hour did you arrive?” 
based on the responses to the question “Has anyone around 
you ever had a stroke?” (χ2=12.948, p=0.024). Significant 
difference was also observed in the comparison of respons-
es to the question “At what hour did you arrive?” based 
on awareness of stroke risk factors (χ2=33.722, p=0.028). 
Significant difference was found in the comparison of re-
sponses to the question “At what hour did you arrive?” 
based on the responses to the question “Is there a treatment 
for stroke?” (χ2=22.686, p<0.001) (Table 6).

Significant difference was found in the 3-month MRS 
scores among individuals based on their responses to the 
question “Risk factors you know for stroke” (F=15.806, 
p=0.003). Similarly, significant difference was found in 
the 3-month MRS scores among individuals based on their 
responses to the question “What symptoms occur in stroke 
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survivors?” (F=13.811, p=0.008) (Table 7). 
Significant difference was found in the BAI 
scores among individuals based on their re-
sponses to the question “What symptoms oc-
cur during a stroke?” (F=10.443, p=0.034). 
A summary of the comparison of BAI scores 
with other variables is provided in Table 7. 
According to the comparisons made, signif-
icant difference was observed between BAI 
scores and responses to the question “What 
symptoms occur during a stroke?” (p<0.05).

Discussion
This study investigated the relationship be-
tween post-stroke anxiety and demographic 
variables, infarct localization, stroke aware-
ness, factors influencing stroke awareness, 
patients’ sources of information, factors 
affecting early hospital admission, and the 
impact of stroke awareness and post-stroke 
anxiety on prognosis.

In our study, among 151 stroke patients 
evaluated at 3 months post-stroke, anxiety 
was observed in 25 patients (16.6%). A me-
ta-analysis has shown that approximately 
one-third of stroke patients develop anxiety, 
which negatively affects their quality of life4, 

5. Another study published in 2012 found 
that the prevalence of anxiety disorder diag-
nosis within 5 years of stroke among stroke 
patients was 18%6. The lower prevalence of 
anxiety compared to similar studies in the 
literature may be attributed to participants’ 
low awareness of stroke.

Among the patients included in our study, 
the Beck Anxiety Inventory (BAI) score af-
ter stroke did not vary by gender, education 
level, or marital status, but older patients 
scored lower on the BAI. A study by Chun et 
al. showed that patients over 75 years of age 
developed less anxiety compared to those 
under 65 years, and there was no relation-
ship between gender and living alone before 
illness and anxiety7. In a study conducted in 
the People’s Republic of China in 2019, no 
relationship was found between age and ed-
ucation level and Poststroke Anxiety (PSA), 
while female gender was associated with 
PSA8. Another study in Jordan evaluating 
PSA symptoms also found an increased risk 
associated with female gender9. In a study 
by Sanner Beauchamp et al., being single 
and female were found to be associated with 
PSA10. Although the data in the literature 

Table 1. Demographic characteristics of the study group

n (%)

Age (year) Average±SS 66.60±13.26

Median (Min-Max) 68.0 (26.0-94.0)

Sex Male 92 (60.9)

Female 59 (39.1)

Education Illiterate 12 (7.9)

Primary School 70 (46.4)

High School 38 (25.2)

University and higher 31 (20.5)

Marital status Single 43 (28.5)

Married 108 (71.5)

Have you ever known 
someone who had a 
stroke?

Yes 67 (44.4)

No 84 (55.6)

Where did you learn about 
stroke-related information?

Family 52 (34.4)

School 5 (3.5)

Social media 7 (4.6)

TV 28 (18.5)

Posters/advertise-
ments

3 (2.0)

Doctors 12 (7.9)

Have no idea 44 (29.1)

Risk factors you know for 
stroke

None 37 (24.5)

Knew 1-2 factors 56 (37.1)

Knew 3-4 factors 28 (18.5)

Knew 5-6 factors 25 (16.6)

Knew ≥7 5 (3.3)

What symptoms occur in 
stroke survivors?

None 34 (22.5)

Knew 1-2 factors 69 (45.7)

Knew 3-4 factors 30 (19.9)

Knew 5-6 factors 13 (8.6)

Knew≥7  5 (3.3)

Is there a treatment for 
stroke?

Yes 95 (62.9)

No 56 (37.1)

Which treatments are ap-
plicable, if available?*

Blood thinner/
Thrombolytic

69 (45.7)

Mechanical 
thrombectomy

25 (16.6)

Surgery 30 (19.9)

Alternative medicine 14 (9.3)

At what hour did you arrive 
to the hospital with your 
symptoms?

Immediately 60 (39.7)

Within 1 hour 11 (7.3)

Within 2-3 hours 17 (11.3)

Within 4-5 hours 14 (9.3)
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regarding PSA risk factors are contradictory, our study 
may not have yielded significant results due to the random 
sampling method used, resulting in imbalanced male-fe-
male and married-unmarried ratios among participants. 
Regarding the relationship between age and PSA in our 
study, the weak but significant association may be attribut-
ed to younger participants having a better knowledge level 
about stroke, resulting in higher anxiety levels.

In our study, the relationship between infarct localiza-
tion in stroke patients and anxiety was also investigated, 
but no significant association was found. The results of 
studies on this topic in the literature are conflicting. In a 
study by Tang et al., it was shown that right frontal lobe le-
sions were significantly consistent with Poststroke Anxiety 
(PSA) at 3 months11. However, another study conducted by 
Liu et al. in 2018 did not find any significant difference12. 
Similarly, in a study by Li et al. in 2019 involving 290 
patients and evaluating their psychiatric status during the 

acute phase and at 3 months, no significant 
relationship was found between infarct lo-
calization and PSA; However, widespread 
white matter lesions were found to be con-
sistent with anxiety in both the acute phase 
and at 3 months, and this was attributed to 
the involvement of multiple neuronal net-
works rather than the location of a single 
infarct8 . Subsequent studies in this regard 
should focus on investigating the impact of 
fronto-subcortical and limbic connections 
on PSA.

In a study by Chun et al., it was shown 
that patients with anxiety at 3 months after 
stroke had higher Modified Rankin Scale 
(MRS) scores7. Another study found that 
post-stroke anxiety is associated with long-
term poor functional outcomes6. In contrast 
to the studies in the literature, no relation-
ship was found between the Beck Anxiety 
Inventory (BAI) score at 1 month and the 
MRS score at 3 months in this study. This 
may be attributed to the exclusion of pa-
tients with high baseline MRS, aphasia, and 
severe sequelae from the study, resulting in 
a lower average MRS at 3 months.

The question “What are the risk factors 
for stroke?” was answered correctly by 
75.5% of the patients, while 77.5% provided 
at least one correct answer to the question 
“What symptoms occur in stroke patients?”. 
In a study by Sirisha et al., it was found that 
94.4% of participants could mention at least 
one risk factor, and 85.5% could mention at 
least one symptom3. Another study report-
ed that 79.3% of participants did not know 
any risk factor, and 77% did not know any 

symptom13. These findings are consistent with our results 
and the literature. When examining the relationship be-
tween age and these questions, it was observed in our 
study that the proportion of correct answers decreased 
with increasing age. Specifically, for each of the questions 
“What are the risk factors for stroke?”, “What symptoms 
occur in stroke survivors?”, and “Is there a treatment for 
stroke?”, the proportion of correct answers decreased 
with increasing age. A study conducted in South Korea 
by Kim et al. showed no difference in knowledge about 
stroke risk factors between participants aged 20 to 39 and 
older participants14. Similarly, a study in Germany with 
28,090 participants demonstrated that older age did not 
affect knowledge levels15. Conversely, a study in Japan by 
Miyamatsu et al. showed a correlation between younger 
age and better knowledge levels, similar to our findings16. 
Although there may be different results in similar studies 
in the literature, the observed relationship in our study 

Within first 24 hours 17 (11.3)

>24 hours 32 (21.1)

If you arrived late, why did 
not you come right away?

I did not come late 60 (39.74)

I did not care 41 (27.15)

I waited for it to pass 33 (21.85)

I was afraid 4 (2.65)

There was no one 11 (7.28)

I was discharged 
from hospital

2 (1.32)

Infarction localization
Left temporal 4 (2.9)

Right temporal 8 (5.7)

Left parietal 13 (9.4)

Right parietal 16 (11.5)

Left frontal 9 (6.5)

Right frontal 8 (5.7)

Left occipital 10 (7.2)

Right occipital 9 (6.5)

Left basal ganglia 14 (10.1)

Right basal ganglia 7 (5.0)

Cerebellum 19 (13.7)

Brain-stem 22 (15.8)

Cortical infarction? Yes 39 (25.8)

No 112 (74.2)

BAS Score Av±SS 4.17±4.95

Median (min-max) 3.0 (0.0-31.0)

3rd Month MRS Average±SS 0.87±1.45

Median (min-max) 0.0 (0.0-6.0)

*Participants were allowed to choose more than one answer.
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can be explained by the compulsory education level in 
Türkiye, which was extended to 8 years in 1997 and 12 
years in 2003, resulting in younger individuals being more 
educated compared to older ones.

In our study, no significant difference was observed 
among different age groups regarding the sources of infor-
mation about stroke. However, in a study by Müller-Nor-
dhorn et al., it was shown that with increasing age and 
the frequency of hospital visits, doctors became a more 
common source of information, emphasizing the impor-
tance of the media in the general population15. In the study 
of Folyovich et al., it was stated that poor male patients 

Table 2. Comparison of Beck Anxiety Index scores among demographic qualities

BAI score Test Statistic

Average±SS Median (IQR) Z; χ2 p

Sex Male 3.78±4.79 2.0 (5.0) z=1.207 0.227

Female 4.78±5.18 3.0 (6.0)

Educational status Illiterate 3.67±4.58 2.5 (6.0) χ2 =4.843 0.184

Primary School 3.21±3.55 2.0 (4.0)

High School 5.18±6.40 4.0 (4.0)

University and Higher 5.29±5.52 4.0 (8.0)

Marital status Single 4.70±6.06 2.0 (4.0) z=0.023 0.982

Married 3.96±4.45 3.0 (5.0)

z: Mann Whitney U Test Statistic,  χ2 =Kruskal Wallis Test Statistic

Table 3. The relationship between Beck Anxiety Index 
Score, age and 3rd month MRS

Age

r p

Beck Anxiety Index Score –0.285 <0.001

3rd Month MRS

r p

Beck Anxiety Index Score –0.095 0.248

r: Spearman Relationship Correlation 

Table 4. Comparison of individuals’ BAI scores according to infarction localization

BAI score Test Statistic

Average±SS Median (IQR) Z ; χ2 p

Infarction localization Left temporal 3.75±4.79 2.5 (9.0) χ2=11.171 0.429

Right temporal 3.00±2.51 2.5 (5.0)

Left parietal 3.00±2.45 2.0 (2.0)

Right parietal 2.00±2.09 2.0 (4.0)

Left frontal 6.11±7.03 3.0 (13.0)

Right frontal 5.50±4.17 5.0 (7.0)

Left occipital 6.90±7.14 6.5 (9.0)

Right occipital 2.89±3.33 2.0 (3.0)

Left basal ganglia 7.07±6.85 7.5 (10.0)

Right basal ganglia 3.43±5.13 2.0 (6.0)

Cerebellum 4.42±7.04 2.0 (2.0)

Brain-stem 3.64±3.58 3.0 (4.0)

Cortical infarction? Yes 4.21±4.59 2.0 (6.0) z=0.019 0.985

No 4.16±5.09 3.0 (4.0)

z: Mann Whitney U Test Statistic,  χ2=Kruskal Wallis Test Statistic, N/A: Not available
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Table 4. Comparison of individuals’ BAI scores according to infarction localization

BAI score Test Statistic

Average±SS Median (IQR) Z ; χ2 p

Infarction localization Left temporal 3.75±4.79 2.5 (9.0) χ2=11.171 0.429

Right temporal 3.00±2.51 2.5 (5.0)

Left parietal 3.00±2.45 2.0 (2.0)

Right parietal 2.00±2.09 2.0 (4.0)

Left frontal 6.11±7.03 3.0 (13.0)

Right frontal 5.50±4.17 5.0 (7.0)

Left occipital 6.90±7.14 6.5 (9.0)

Right occipital 2.89±3.33 2.0 (3.0)

Left basal ganglia 7.07±6.85 7.5 (10.0)

Right basal ganglia 3.43±5.13 2.0 (6.0)

Cerebellum 4.42±7.04 2.0 (2.0)

Brain-stem 3.64±3.58 3.0 (4.0)

Cortical infarction? Yes 4.21±4.59 2.0 (6.0) z=0.019 0.985

No 4.16±5.09 3.0 (4.0)

z: Mann Whitney U Test Statistic,  χ2=Kruskal Wallis Test Statistic, N/A: Not available

Table 5. Comparison of the Age Values of Individuals in Stroke Awareness Questions and Comparison of Educational 
Status among Stroke Awareness

Age Test Statistic*

Average±SS Median (IQR) Z ; χ2 p

Have you ever known 
someone who had a 
stroke?

Yes 65.11±13.32 66.0 (17.0) z=1.284 0.199

No 67.77±13.18 69.0 (18.0)

From where did you 
learn what you know 
about stroke?

Family 66.52±13.69 68.0 (20.0)  χ2=0.360 0.999

School 64.60±17.57 68.0 (30.0)

Social media 65.83±8.42 69.0 (16.0)

TV 68.00±11.81 66.5 (21.0)

Posters/Advertise-
ments

67.00±7.94 70.0 (N/A)

Doctors 64.33±15.40 64.5 (26.0)

None 66.73±13.99 67.0 (16.0)

Risk factors you know 
for stroke

None 71.84±13.41 74.0 (18.0)  χ2=13.747 0.008

Knew 1-2 67.95±10.96 67.5 (18.0)

Knew 3-4 63.41±15.69 65.0 (21.0)

Knew 5-6 60.96±11.72 59.0 (16.0)

Knew ≥7  58.20±14.99 68.0 (26.0)

What symptoms occur 
in stroke survivors?

None 73.59±11.37 74.0 (18.0)  χ2=17.792 0.001

Knew 1-2 66.38±12.33 68.0 (18.0)

Knew 3-4 63.24±13.86 61.0 (20.0)

Knew 5-6 64.15±12.28 68.0 (23.0)

Knew ≥7 48.00±12.41 55.0 (24.0)

Is there a treatment for 
stroke?

Yes 64.07±13.36 65.5 (19.0) z=2.921 0.003

No 70.84±12.07 72.0 (18.0)

Educational status

Illiterate Primary School High School University and 
Higher

Test Statistic

n (%) n (%) n (%) n (%) χ2 p

Has anyone around you 
ever had a stroke?

Yes 3 (4.5) 32 (47.8) 14 (20.8) 18 (26.9) 5.103 0.164

No 9 (10.7) 38 (45.2) 24 (28.6) 13 (15.5)

From where did you 
learn what you know 
about stroke?

Family 1 (1.9) 25 (48.1) 16 (30.8) 10 (19.2) – –

School 0 (0.0) 1 (20.0) 2 (40.0) 2 (40.0)

Social media 0 (0.0) 0 (0.0) 2 (28.6) 5 (71.4)

TV 3 (10.8) 13 (46.4) 6 (21.4) 6 (21.4)

Posters/Advertisements 1 (33.3) 0 (0.0) 0 (0.0) 2 (66.7)

Doctors 1 (8.3) 5 (41.7) 3 (25.0) 3 (25.0)

None 6 (13.6) 26 (59.1) 9 (20.5) 3 (6.8)

Continued on next page
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Risk factors you know for 
stroke

None 6 (16.2) 25 (67.6) 5 (13.5) 1 (2.7) 71.205 <0.001

Knew 1-2 5 (8.9) 28 (50.0) 20 (35.7) 3 (5.4)

Knew 3-4 0 (0.0) 14 (50.0) 7 (25.0) 7 (25.0)

Knew 5-6 1 (4.0) 3 (12.0) 6 (24.0) 15 (60.0)

Knew ≥7 0 (0.0) 0 (0.0) 0 (0.0) 5 (100.0)

Which symptoms occurs 
in stroke survivors?

None 3 (8.8) 26 (76.5) 5 (14.7) 0 (0.0) 61.680 <0.001

Knew 1-2 7 (10.1) 33 (47.9) 22 (31.9) 7 (10.1)

Knew 3-4 2 (6.7) 9 (30.0) 9 (30.0) 10 (33.3)

Knew 5-6 0 (0.0) 2 (15.4) 1 (7.7) 10 (76.9)

Knew ≥7 0 (0.0) 0 (0.0) 1 (20.0) 4 (80.0)

Is there a treatment for 
stroke?

Yes 5 (5.3) 38 (40.0) 25 (26.3) 27 (28.4) 12.460 0.006

No 7 (12.5) 32 (57.2) 13 (23.2) 4 (7.1)

z: Mann Whitney U Test Statistic,  χ2 = Kruskal Wallis Test Statistic, N/A: Not available 
χ2: Chi square Test Static,-A result may not be given due to lack of the participants.

Continued from previous page

should be primarily targeted in the primary stroke preven-
tion program17. In our study, 18.5% of patients mentioned 
television, 7.9% mentioned doctors, and 34.4% mentioned 
family or friends as their sources of information. This 
findings indicate that the public does not rely on reliable 
sources for information and highlights the necessity of 
educational interventions especially for high risk groups. 

In this study, significant relationship was found be-
tween patients’ educational level and their knowledge 
about stroke-related questions. As the educational level 
increased, participants’ awareness of stroke risk factors, 
symptoms, and the availability of stroke treatment also 
increased. A study by Bártlová et al. conducted in the 
Czech Republic in 2021 with 1004 participants showed 
that awareness of stroke increased with higher levels of 
education1. Similarly, a meta-analysis including 39 studies 
conducted between 1966 and 2008 by Jones et al. demon-
strated that higher educational levels were associated with 
increased knowledge18. Another study in South Korea also 
showed that individuals with higher education levels had a 
higher awareness of thrombolytic treatment19. Consistent 
with our findings, similar studies in the literature have 
shown that education level increases stroke awareness as 
expected1, 13, 14, 18. 

Our study demonstrated that individuals who had pre-
viously experienced a stroke in their surroundings tended 
to seek medical attention at hospitals earlier. A study by 
Müller-Nordhorn et al. showed that individuals with a 
family history of stroke relied more on their families as 

a source of information15. Similarly, a study conducted 
in New Zealand in 2015 revealed that individuals who 
had experienced a stroke themselves or had close relatives 
with stroke were more aware of early stroke symptoms20. 
In the study conducted by Folyovich et al. in Hungary, it 
was seen that the family is important in recruiting people 
in the stroke day, and this may indicate the importance 
of the family21. This studies suggest that their personal 
experiences may have led to their awareness of stroke 
treatment options.

Furthermore, our study showed that individuals who 
were aware of stroke risk factors and treatment options 
tended to seek emergency medical care more promptly. A 
study in Sweden by Nordanstig et al., which included 1443 
participants, demonstrated that 72% of those who were 
aware of at least three stroke symptoms stated that they 
would call an ambulance in the event of a stroke22. Similar-
ly, the study by Sirisha et al. indicated that individuals with 
higher levels of stroke-related knowledge were more likely 
to seek emergency medical assistance3. However, Jones et 
al.’s study published in 2010 paradoxically found that in-
dividuals with higher levels of knowledge were less likely 
to seek emergency help18. A study examining the success 
of information campaigns in Hungary showed changes in 
thrombolytic therapy applied after regular campaigns23. 
This suggests that educational programs should also focus 
on what to do in case of an acute stroke, emphasizing the 
importance of stroke awareness and emergency response

In our study, patients with a higher level of stroke-re-
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lated knowledge were found to have lower scores on the 
Magnetic Resonance Spectroscopy (MRS) at 3 months 
post-stroke. Only a few stroke awareness studies in the 
literature have been conducted among stroke survivors, 
and to our knowledge, none have examined its association 
with prognosis. A study in Indonesia observed that among 
recurrent stroke patients, increasing disease-related knowl-

edge was associated with improved treatment adherence24. 
Another study suggested that increasing stroke awareness 
among stroke survivors could facilitate the management of 
chronic diseases, which are risk factors for stroke25. The 
positive outcomes observed in our study may contribute to 
improved treatment adherence post-stroke and better con-
trol of chronic diseases, which are risk factors for stroke.

Risk factors you know for 
stroke

None 6 (16.2) 25 (67.6) 5 (13.5) 1 (2.7) 71.205 <0.001

Knew 1-2 5 (8.9) 28 (50.0) 20 (35.7) 3 (5.4)

Knew 3-4 0 (0.0) 14 (50.0) 7 (25.0) 7 (25.0)

Knew 5-6 1 (4.0) 3 (12.0) 6 (24.0) 15 (60.0)

Knew ≥7 0 (0.0) 0 (0.0) 0 (0.0) 5 (100.0)

Which symptoms occurs 
in stroke survivors?

None 3 (8.8) 26 (76.5) 5 (14.7) 0 (0.0) 61.680 <0.001

Knew 1-2 7 (10.1) 33 (47.9) 22 (31.9) 7 (10.1)

Knew 3-4 2 (6.7) 9 (30.0) 9 (30.0) 10 (33.3)

Knew 5-6 0 (0.0) 2 (15.4) 1 (7.7) 10 (76.9)

Knew ≥7 0 (0.0) 0 (0.0) 1 (20.0) 4 (80.0)

Is there a treatment for 
stroke?

Yes 5 (5.3) 38 (40.0) 25 (26.3) 27 (28.4) 12.460 0.006

No 7 (12.5) 32 (57.2) 13 (23.2) 4 (7.1)

z: Mann Whitney U Test Statistic,  χ2 = Kruskal Wallis Test Statistic, N/A: Not available 
χ2: Chi square Test Static,-A result may not be given due to lack of the participants.

Table 6. Comparison of the answers to the question “At what hour did you arrive here with your symptoms?”

At what hour did you arrive here with your symptoms?

Immedi-
ately

Within 1 
hour

Within 
2-3 
hours

Within 
4-5 
hours

Within 
first 24 
hours

>24 
hours

Test statistic

n (%) n (%) n (%) n (%) n (%) n (%) χ2 p

Has anyone around you ever 
had a stroke?

Yes 34 (50.7) 1 (1.5) 10 (14.9) 5 (7.5) 6 (9.0) 11 (16.4) 12.948 0.024

No 26 (31.0) 10 (11.9) 7 (8.3) 9 (10.7) 11 (13.1) 21 (25.0)

From where did you learn 
what you know about stroke?

Family 23 (44.2) 2 (3.8) 6 (11.5) 4 (7.7) 8 (15.4) 9 (17.3) – –

School 2 (40.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (20.0) 2 (40.0)

Social media 3 (42.9) 3 (42.9) 0 (0.0) 1 (14.2) 0 (0.0) 0 (0.0)

TV 10 (35.7) 3 (10.7) 5 (17.9) 2 (7.1) 1 (3.6) 7 (25.0)

Poster/Advertisements 0 (0.0) 2 (66.7) 0 (0.0) 0 (0.0) 0 (0.0) 1 (33.3)

Doctors 8 (66.7) 0 (0.0) 1 (8.3) 1 (8.3) 1 (8.3) 1 (8.3)

None 14 (31.8) 1 (2.3) 5 (11.4) 6 (13.6) 6 (13.6) 12 (27.3)

Risk factors you know for 
stroke

None 9 (24.3) 0 (0.0) 4 (10.8) 4 (10.8) 7 (18.9) 13 (35.1) 33.722 0.028

Knew 1–2 23 (41.1) 5 (8.9) 6 (10.7) 4 (7.1) 8 (14.3) 10 (17.9)

Knew 3–4 11 (39.3) 3 (10.7) 2 (7.1) 5 (17.9) 1 (3.6) 6 (21.4)

Knew 5–6 12 (48.0) 3 (12.0) 5 (20.0) 1 (4.0) 1 (4.0) 3 (12.0)

Knew ≥7 5 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

What symptoms occur in 
stroke survivors?

None 10 (29.4) 0 (0.0) 3 (8.8) 5 (14.7) 5 (14.7) 11 (32.4) 29.025 0.087

Knew 1–2 29 (42.0) 5 (7.2) 8 (11.6) 5 (7.2) 5 (7.2) 17 (24.6)

Knew 3–4 11 (36.7) 3 (10.0) 4 (13.3) 3 (10.0) 7 (23.3) 2 (6.7)

Knew 5–6 7 (53.8) 2 (15.4) 2 (15.4) 1 (7.7) 0 (0.0) 1 (7.7)

Knew ≥7 3 (60.0) 1 (20.0) 0 (0.0) 0 (0.0)  0 (0.0) 1 (20.0)

Is there a treatment for 
stroke?

Yes 49 (51.6) 7 (7.4) 11 (11.6) 7 (7.4) 4 (4.1) 17 (17.9) 22.686 <0.001

No 11 (19.6) 4 (7.2) 6 (10.7) 7 (12.5) 13 (23.2) 15 (26.8)

Chi square Test Static, A result may not be given due to lack of the participants.
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Regarding the evaluation of general stroke-related 
knowledge in our study, no significant change was ob-
served in post-stroke anxiety levels among those who were 
aware of stroke risk factors and treatment options, where-

as significant increases in anxiety levels were observed 
among those who were aware of stroke symptoms. While 
our study appears to be the first to evaluate the relation-
ship between post-stroke anxiety and awareness, a study 

Table 7. Comparison of 3rd month MRS scores of individuals in stroke awareness and comparison of BAI scores of 
individuals among stroke awareness questions

3rd Month MRS Score Test Statistic

Average±SS Median (IQR) χ2 p

Risk factors you know for 
stroke

None 1.58±1.78 1.0 (2.0) χ2=15.806 0.003

Knew 1-2 0.63±1.27 0.0 (1.0)

Knew 3-4 0.79±1.34 0.0 (1.0)

Knew 5-6 0.60±1.29 0.0 (1.0)

Knew ≥7  0.20±0.45 0.0 (1.0)

What symptoms occur in 
stroke survivors?

None 1.36±1.58 1.0 (2.0) χ2=13.811 0.008

Knew 1-2 0.93±1.67 0.0 (1.0)

Knew 3-4 0.50±0.86 0.0 (1.0)

Knew 5-6 0.46±0.78 0.0 (1.0)

Knew ≥7  0.00±0.00 0.0 (0.0)

BAI score Test Statistic*

Average±SS Median (IQR) Z ; χ2 p

Have you ever known 
somebody who had a 
stroke?

Yes 4.07±4.70 3.0 (3.0) z=0.256 0.798

No 4.25±5.17 2.5 (6.0)

From where did you learn 
what you know about 
stroke?

Family 3.79±3.69 3.0 (5.0) χ2=5.765 0.450

School 5.60±10.33 2.0 (13.0)

Social media 7.43±8.14 5.0 (7.0)

TV 4.32±4.51 3.0 (5.0)

Poster/Advertise-
ments

1.00±1.00 1.0 (N/A)

Doctors 3.58±4.44 2.0 (5.0)

None 4.23±5.42 2.5 (5.0)

Risk factors you know for 
stroke

None 3.68±5.64 2.0 (5.0) χ2=9.145 0.058

Knew 1-2 2.93±2.83 2.0 (4.0)

Knew 3-4 5.96±5.84 4.0 (8.0)

Knew 5-6 4.92±4.41 4.0 (7.0)

Knew ≥7 8.00±10.37 5.0 (18.0)

What symptoms occur in 
stroke survivors?

None 3.29±3.61 2.0 (5.0) χ2=10.443 0.034

Knew 1-2 3.75±4.95 2.0 (5.0)

Knew 3-4 5.07±6.26 4.0 (5.0)

Knew 5-6 4.46±3.73 5.0 (7.0)

Knew ≥7 9.80±3.77 10.0 (7.0)

Is there a treatment of 
stroke?

Yes 4.45±4.96 3.0 (5.0) z=1.077 0.281

No 3.70±4.94 2.0 (5.0)

z: Mann Whitney U Test Statistic, χ2=Kruskal Wallis Test Statistic
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published in 2012 involving 258 patients diagnosed with 
inflammatory bowel disease showed a parallel increase 
in anxiety with increased knowledge levels26. Similarly, 
another study evaluating the reasons for delay in initial 
presentation among 301 patients with suspected cancer 
found that as patients’ knowledge about cancer symptoms 
increased, their anxiety levels increased, leading to earlier 
presentation to oncology centers27. However, these studies 
do not provide sufficient explanation for the relationship 
between awareness and anxiety. It is possible that patients’ 
anxiety increased because they were aware of their symp-
toms, or conversely, their increased anxiety led them to 
investigate their conditions further. Subsequent studies 
could be designed to evaluate this distinction. 

Weaknesses of our study include its single-center de-
sign, limiting its generalizability, uneven distribution of 
variables such as gender and marital status due to the 
random sampling method, and inadequate evaluation 
of prognosis due to the exclusion of patients with high 

MRS scores or aphasia. Strengths of the study include its 
evaluation of the relationship between stroke awareness, 
prognosis, and anxiety, face-to-face interviews conducted 
during patient visits, and its prospective nature.

Conclusion 
In conclusion, efforts should be directed towards increas-
ing stroke-related knowledge among patients with lower 
education levels and older individuals, as they tend to 
have lower levels of knowledge. Such initiatives could 
contribute to these individuals seeking medical attention 
earlier and potentially improving their prognosis if they 
experience a stroke. However, it is important to be vigilant 
regarding anxiety levels, particularly among younger in-
dividuals and those with better stroke-related knowledge, 
as they may exhibit higher rates of anxiety. Therefore, 
careful monitoring for anxiety should be incorporated into 
the follow-up of these patients.
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Background and purpose – Our aim 
was to use visual evoked potentials (VEP) 
to evaluate changes in brain bioelectrical 
activity in Hashimoto thyroiditis patients 
with normal neurological examination 
and imaging findings and to correlate the 
evoked potential parameters with clinical 
data.
Methods – The study included 75 clinically 
diagnosed Hashimoto thyroiditis patients 
and 45 healthy individuals who met the 
selection criteria. Demographic and clinical 
characteristics such as age, sex, disease 
duration, serum thyroid hormone levels, 
autoantibody titers, thyroid ultrasonography, 
brain magnetic resonance imaging, and 
levothyroxine dose used were recorded. VEP 
tests were performed in both groups. All 
participants provided informed consent.
Results – Of the Hashimoto thyroiditis 
patients included in the study, 92% (n=69) 
were female, the mean age was 40.3±12.2 
years, and the mean disease duration was 
5.7±7.5 years (range: 0-40 years, median: 
4 years). Euthyroid patients showed 
significantly longer P100 latency difference 
and higher N75/P100 amplitude than 
the control group (p=0.014 and 0.007, 
respectively). Elevated thyroid-stimulating 
hormone level was associated with longer 
N75 and P100 latencies.
Conclusion – Our results demonstrated 
the presence of abnormal brain bioelectric 
activity in Hashimoto thyroiditis patients 
without active neurological findings. These 
effects increase with disease severity and 
duration and necessitate the development 
of early treatment strategies to halt the 
progressive autoimmune process.

A vizuális kiváltott potenciálok értékelése 
Hashimoto-thyreoiditisben szenvedő 
betegeknél
Boz PB, MD; Ateş M, MD; Boz M, MD

Bevezetés – Célunk az volt, hogy vizuális 
kiváltott potenciálok (VEP) segítségével 
értékeljük az agy bioelektromos aktivitásá-
ban bekövetkező változásokat a Hashimoto-
thyreoiditisben szenvedő, normális neu-
rológiai és képalkotó vizsgálati leletekkel 
rendelkező betegeknél, továbbá hogy 
megállapítsuk, van-e összefüggés a kiváltott 
potenciál paraméterek és a klinikai adatok 
között.
Módszerek – A vizsgálatba 75 klinikailag 
diagnosztizált, Hashimoto-thyreoiditisben 
szenvedő beteget és 45 egészséges kontroll-
személyt vontunk be a kiválasztási kritériu-
mok szerint. Feljegyeztük a következő demo-
gráfiai és klinikai jellemzőket: életkor, nem, a 
betegség időtartama, a szérum-pajzsmirigy-
hormon szintje, autoantitest-titer, pajzsmi-
rigy-ultrahangvizsgálati lelet, agyi mágneses 
rezonanciás képalkotás és az alkalmazott 
levotiroxindózis. Mindkét csoportban VEP-
vizsgálatokat végeztünk. Minden résztvevő 
tájékozott beleegyezését adta.
Eredmények – A vizsgálatba bevont Ha
shimoto-thyreoiditises betegek 92%-a (n = 
69) volt nő, az átlagéletkor 40,3 ± 12,2 év, 
a betegség átlagos időtartama 5,7 ± 7,5 év 
(tartomány: 0–40 év, medián: 4 év) volt. Az 
euthyreoid betegek szignifikánsan hosszabb 
P100 latenciakülönbséget és nagyobb N75/
P100 amplitúdót mutattak, mint a kontroll-
csoport (p = 0,014 és 0,007). Az emelkedett 
pajzsmirigy-stimuláló hormonszint hosszabb 
N75 és P100 latenciával társult.
Következtetés – Abnormális agyi bioelekt-
romos aktivitás jelenlétét mutattuk ki aktív 
neurológiai tünetek nélküli Hashimoto-
thyreoiditises betegeknél. Az abnormális agyi 
bioelektromos aktivitás a betegség súlyos-
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Hashimoto thyroiditis (HT), also called autoimmune 
or chronic lymphocytic thyroiditis, is an endocrine 

disease characterized by lymphocytic infiltration of the 
thyroid gland and is the most common cause of primary 
hypothyroidism in regions without iodine deficiency1. 
Women are five to seven times more likely to be affected 
than men. The presence of thyroid-specific autoantibodies 
(anti-thyroid peroxidase [anti-TPO], anti-thyroglobulin 
[anti-Tg]) in the serum is a hallmark of chronic autoim-
mune thyroiditis and is sufficient to confirm the diagnosis. 
Of these, anti-TPO is more important. In HT, 75% of the 
cases are euthyroid at the time of diagnosis while 25% 
exhibit signs and symptoms of overt hypothyroidism2.

Hypothyroidism is known to affect the central nervous 
system (CNS) via its influence on gene expression, myelin 
production, axonal transport, and neurotransmitters. In re-
cent years, attention has also been drawn to the possibility 
of nervous system disorders such as myopathy, ataxia, 
neuropathy, and encephalopathy in patients with HT, even 
if they remain in the euthyroid stage for many years3, 4. 
Neurological findings in patients with HT can range from 
mild abnormalities in brain function that can only be de-
tected with specific tests, to Hashimoto encephalopathy 
(HE), a rare and severe neuropsychiatric disorder5. There 
have also been reports of cytotoxic brain edema and vas-
cular inflammatory changes in the CNS of euthyroid HT 
patients3, 6, 7.

Evoked potential studies are sensitive, noninvasive, 
and easily applied tests that allow an assessment of the 
integrity and function of neural pathways. They are use-
ful in detecting clinically asymptomatic disorder, locating 
lesions, and monitoring the course of certain neurological 
diseases8. Our aim in this study was to detect early CNS 
findings in patients with HT using visual evoked potentials 
(VEP), which is an easy and noninvasive examination, and 
associate the results with clinical data.

Methods
The study included 75 clinically diagnosed HT patients 
and 45 healthy individuals who presented to the Clinical 
Neurophysiology Laboratory of the Neurology Clinic of 

the University of Health Sciences, Adana City Training 
and Research Hospital between November 5, 2022 and 
September 5, 20239. 

Inclusion criteria were: being at least 18 years old and 
being diagnosed with HT based on the results of clini-
cal and laboratory tests. The diagnosis and treatment of 
HT was performed according to the 2020 and 2023 thy-
roid diseases diagnosis and treatment guidelines from the 
Turkish Endocrine and Metabolism Association Thyroid 
Working Group. Exclusion criteria were: the presence of 
neurological, systemic, toxic, traumatic, and other auto-
immune, endocrine or metabolic diseases (e.g., diabetes, 
cardiovascular diseases); use of drugs with CNS effects 
(e.g., antiepileptics, neuroleptics, psychostimulants, an-
algesics, steroids, sedatives, and hypnotics); severe ocu-
lar dysfunction (visual acuity of 0.9-1.0 logMAR with 
spectacle correction); and low or high body mass index 
(BMI <18.5 or ≥35 kg/m2). All participants underwent 
detailed ophthalmological examination for papilledema, 
severe refractive errors, and advanced eye disorders, and 
the ophthalmological examinations of our participants 
were within normal limits.

All participants provided informed consent, and ap-
proval for the study was obtained from the clinical re-
search ethics committee of the hospital in which the study 
was conducted (date: 03.11.2022, decision no: 2226).

The patients underwent brain magnetic resonance im-
aging (MRI) and thyroid ultrasonography and evaluations 
by an internal medicine specialist and neurologist. All par-
ticipants underwent neurological examinations and mini 
mental status tests, and those within normal limits were 
included in the study.

Demographic and clinical characteristics of the patients 
were recorded, including age, gender, disease duration, 
serum concentrations of thyroid-stimulating hormone 
(TSH), free triiodothyronine (fT3), free thyroxine (fT4), 
serum autoantibodies (anti-TPO and anti-TG), parathor-
mone (PTH), and calcium, and the dose of levothyroxine 
they were using.

VEP tests were performed using a Cadwell Sierra Sum-
mit Pattern Reversal VEP EMG unit (Cadwell Laborato-
ries, Kennewick, Washington, United States) as recom-

Keywords: Hashimoto thyroiditis, 
visual evoked potential, hypothyroidism, 
thyroiditis

ságával és időtartamával fokozódik, és korai 
kezelési stratégia kidolgozását teszi szük-
ségessé a progresszív autoimmun folyamat 
megállítása érdekében.

Kulcsszavak: Hashimoto-thyreoiditis, 
vizuális kiváltott potenciál, hypothyreosis, 
thyreoiditis
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mended by the IFCN10. Silver cup electrodes 
were used for recording, and the high-pass 
and low-pass filters were set to 1 Hz and 
100 Hz, respectively. Sensitivity and sweep 
speed were set to 5 µV/section and 25 ms/
section, respectively. Oz and Fz points were 
marked as recommended in the international 
10-20 electroencephalography system and 
the active electrode was placed on Oz and 
the reference electrode on Fz. Impedances 
were maintained at <5 kΩ for all electrodes. 
PrVEP was performed on a CBOX 18.5” 
LED monitor with a black and white check-
erboard with a red dot in the middle and the 
stimulus speed set to 1 Hz. Tests were done 
with the LED monitor at a distance of 100 
cm from the eyes and the check size was 
set to 51 min of arc (8x8). In PVEP due to 
the use of the LED monitor, there was a 
time interval of 59 ms between the time of 
stimulation and the time when black-white 
checkerboards formed on the screen. The 
software program of the EMG device allowed this delay 
time to be corrected. 

The N75, P100, and N145 components were analyzed. 
VEP tests were performed on both eyes in a dark room. 
VEP waves were obtained twice for each eye by averaging 
at least 100 potentials. P100 amplitudes were measured 
between the N75 and P100 wave peaks.

Statistical analysis

Categorical variables were summarized as numbers and 
percentages, and numerical measures were summarized 
as mean, median, and standard deviation. Chi-square 
tests were used to compare categorical variables between 
groups (Pearson chi-square test when small cell counts 
were not expected, Fisher’s Exact test when small cell 
counts were expected). The Shapiro-Wilk test was used 
to test whether numerical variables showed normal dis-
tribution. When comparing numerical measurements 
between groups, independent-groups t-test was used for 
parametric data and the Mann-Whitney U test was used 
for nonparametric data. The IBM SPSS Statistics version 
20.0 package program was used for statistical analysis of 
the data. Significance was accepted at p values less than 
0.05 for all tests.

Results

Demographic, laboratory, and neurological 
examination findings
Of the 75 HT patients included in the study, 92% (n=69) 
were female, the mean age was 40.3±12.2 years, and the 

mean disease duration was 5.7±7.5 years (range: 0-40 
years, median: 4 years). In the control group, the mean 
age was 38.0±12.5 years and 84% (n=38) were female. 
The patient and control groups were also divided into age 
groups as 18-29 years, 30-49 years, and ≥50 years, and 
no statistical difference was found between the groups in 
terms of demographic data. Deterioration in at least one 
VEP parameter was detected in 16% of the HT patients. 
6.7% of the HT group had unilateral P100 latency delay, 
and 9.3% had P100 latency delay in both eyes. Therefore, 
it can be said that 6.7% of the HT group had prechiasmatic 
involvement. However, it cannot be decided whether 9.3% 
had pre- or postchiasmatic involvement. The patients’ lab-
oratory data are presented in Table 1. Their neurological 
examinations, standardized Mini-Mental State Examina-
tion results, and brain MRI findings were within normal 
limits.

Comparison of VEP parameters in the patient 
and control groups
N75/P100 amplitude ratio differed statistically between 
the patient and control groups. Both measurements were 
higher in HT patients than in controls (Table 2). 

Additionally, the difference in P100 latency was sig-
nificant in euthyroid HT patients compared to the con-
trol group, and the N75/P100 amplitude was significantly 
higher in euthyroid HT patients compared to the control 
group (Table 3).

In the 30-49 age range, the right-left difference for P100 
was found to be different between the patient and control 
groups (p=0.014). There was no difference between the 
groups in terms of right-left averages (Table 4).

Table 1. Mean laboratory values of the patients

(Normal ranges) All Patients 
(n=75)

Sex

Female (n=69) Male (n=6)

fT3 (ng/L)
(2.6-4.37 ng/L)

3.49±2.04 3.52±2.11 3.06±0.77

fT4 (ng/dL)
(0.61-1.38 ng/dL)

0.77±0.21 0.78±0.19 0.62±0.35

TSH (mUI/L)
(0.34-5.6 mUI/L)

16.5±53.6 12.7±50.5 60.4±72.9

Anti-Tg (kU/L)
(0-4 kU/L)

250.6±644.4 216.1±598.8 646.9±1031.9

Anti-TPO (IU/mL)
(0-9 IU/mL)

456.4±375.5 459.9±375.1 416.5±413.4

LVT dose (mcg) 63.2±50.0 61.4±48.2 83.3±70.1

fT3: free triiodothyronine, fT4: free thyroxine, TSH: thyroid-stimulating 
hormone, Anti-Tg: anti-thyroglobulin antibody, Anti-TPO: anti-thyroid 
peroxidase antibody, LVT: levothyroxine



184	 Boz: Evaluation of visual evoked potentials in patients with Hashimoto thyroiditis

Table 2. VEP parameters in the patient and control groups

VEP HT patients (n=75) Control group (n=45) P

Mean Median SD Mean Median SD

Latency (ms)

N75 Right 54.11 53.9 9.32 53.97 53.5 7.16 0.934

Left 53.95 53.1 8.71 54.94 54.7 7.89 0.536

Right-Left difference 0.15 0 8.39 -0.96 0.8 5.55 0.428

Average (Right, Left) 54.03 53.15 7.99 54.45 54.90 7.01 0.768

P100 Right 85.81 83.6 8.82 85.4 84.4 5.97 0.762

Left 86.03 84.8 9.14 87.23 85.9 6.77 0.447

Right-Left difference 0.22 0 5.16 1.83 1.5 3.89 0.073

Average (Right, Left) 85.92 83.95 8.61 86.32 84.95 6.08 0.770

N145 Right 127.99 125.78 16.1 127.11 126.95 17.62 0.779

Left 129.63 128.13 17 128.38 128.52 16.08 0.692

Right-Left difference 1.63 2.34 10.76 1.27 2.74 7.05 0.825

Average (Right, Left) 128.81 126.76 15.66 127.74 128.71 16.49 0.724

Amplitude (μV)

N75/P100 2.28 1.89 2.01 1.35 0.96 1.26 0.002

VEP: visual evoked potential, HT: Hashimoto thyroiditis

Table 3. Comparison of VEP parameters between euthyroid HT patients and the control group

VEP HT patients with normal TSH 
(n=51)

Control group (n=45) P

Mean Median SD Mean Median SD

Latency (ms)

N75 Right 52.26 51.6 8.4 53.97 53.5 7.16 0.290

Left 52.54 51.6 8.41 54.94 54.7 7.89 0.155

Right-Left difference 0.28 0.00 8.37 0.96 0.80 5.55 0.641

Average (Right, Left) 52.40 52.15 7.29 54.45 54.90 7.01 0.165

P100 Right 84.89 83.2 9.1 85.4 84.4 5.97 0.749

Left 84.53 82.8 8.6 87.23 85.9 6.77 0.094

Right-Left difference 0.36 0.00 4.60 1.83 1.50 3.89 0.014

Average (Right, Left) 84.71 83.60 8.55 86.32 84.95 6.08 0.298

N145 Right 127.3 125.78 13.17 127.11 126.95 17.62 0.952

Left 127.37 128.13 14.01 128.38 128.52 16.08 0.743

Right-Left difference 0.07 0.78 9.83 1.27 2.74 7.05 0.499

Average (Right, Left) 127.33 126.76 12.68 127.74 128.71 16.49 0.891

Amplitude (μV)

N75/P100 2.27 1.83 1.92 1.35 0.96 1.26 0.007

VEP: visual evoked potential, HT: Hashimoto thyroiditis, TSH: thyroid-stimulating hormone
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Relationship between thyroid hormone and 
autoantibody levels and VEP findings
No differences in VEP parameters were observed in relation 
to serum fT3, fT4, anti-Tg, and anti-TPO levels, levothy-
roxine dose used, or PTH, calcium, and vitamin D levels 
(p>0.05). A weak correlation was found between disease 
duration and P100 latency difference, but it was not statis-
tically significant. However, TSH elevation was associated 
with longer N75 and P100 latency values (Table 5, Figure 1).

The distribution of TSH levels among age groups is 
given in Figure 2.

Discussion
In autoimmune pathologies affecting the CNS, visual tract 
involvement may be subclinical (as in multiple sclerosis) 

and can only be demonstrated by specific tests such as 
VEP11. Optic neuropathy is seen in some autoimmune thy-
roid patients and is thought to be associated not only with 
thyroid hormones but also with an increase in autoantibod-
ies12. Autoantibodies bind to cells in the CNS, disrupting 
the myelin sheath and causing demyelination5, 13, 14. 

While some studies in the literature reported signifi-
cantly prolonged P100 latency in patients with hypothy-
roidism compared to controls, no significant difference 
was observed in others15–21. In a study comparing only 23 
hypothyroid patients and 200 healthy controls, abnormal 
VEP findings and prolonged P100 latency were detected in 
52%16. In another study including 89 hypothyroid, euthy-
roid, and hyperthyroid patients, prolonged P100 latency 
was observed in all thyroid dysfunction groups22. A recent 
study conducted with 100 HT patients and 50 healthy con-
trols indicated that P100 and N145 latencies were pro-

Table 4. VEP findings in the HT and control groups by age

VEP HT patients n=75 Control group n=45 P

Mean Median SD Mean Median SD

Age 18 – 29 , n=17

Latency (ms)

N75 Right-Left difference 1.94 3.50 9.07 0.79 1.35 4.56 0.557

Mean (Right, Left) 55.35 54.10 8.91 52.96 53.35 6.03 0.382

P100 Right-Left difference -0.86 1.20 5.69 0.41 0.20 3.84 0.901

Mean (Right, Left) 86.59 87.90 8.26 86.87 85.43 7.32 0.873

N145 Right-Left difference 2.99 5.08 11.95 4.85 6.41 5.24 0.581

Mean (Right, Left) 130.15 135.74 13.95 129.30 134.47 17.73 0.958

Age 30 – 49, n=42

Latency (ms)

N75 Right-Left difference 0.44 0 8.81 2.01 1.90 4.97 0.345

Mean (Right, Left) 53.63 53.43 7.99 56.74 57.43 8.52 0.087

P100 Right-Left difference 0.02 0 4.87 3.08 3.35 3.75 0.014

Mean (Right, Left) 85.26 83.40 9.17 87.03 86.90 5.88 0.149

N145 Right-Left difference 2.09 1.48 9.80 1.35 0.59 7.45 0.197

Mean (Right, Left) 128.26 126.08 17.34 131.17 128.03 17.34 0.514

Age 50 and more, n=16 

Latency (ms)

N75 Right-Left difference 1.64 0.60 6.34 0.50 0 7.61 0.512

Mean (Right, Left) 53.67 51.75 7.28 52.89 54.70 4.75 0.904

P100 Right-Left difference 0.06 0 5.58 1.85 1.60 3.79 0.272

Mean (Right, Left) 86.95 84.00 7.75 84.35 83.25 4.25 0.451

N145 Right-Left difference 1.00 1.20 12.08 -0.36 2.74 7.04 0.680

Mean (Right, Left) 128.84 125.29 13.31 119.88 115.04 11.03 0.121

VEP: visual evoked potential, HT: Hashimoto thyroiditis
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longed and P100 amplitude was high in the 
HT group17. In this study, abnormal VEP 
and BAEP (brainstem auditory evoked po-
tential) findings were detected in 34% of the 
patients, while only VEP abnormality was 
detected in 25%17. 

Another study examining pattern-shift 
VEP records in 48 newly diagnosed hypo-
thyroid patients showed there was no signifi-
cant difference between the hypothyroid and 
control groups in terms of P100 latency20. 
However, the sample size was relatively 
small and consisted of newly diagnosed 
patients. Since they were newly diagnosed, 
the process required for the central nervous 
system to be affected may not have occurred 
yet and therefore a difference may not have 
been found.

As can be seen, different findings have been found in the 
literature on this subject. While designing this study, we 
aimed to find out whether there is silent CNS involvement 
in Hashimoto’s patients and what can be done about it.

In our study, we observed high N75/P100 amplitudes 
in the HT group (including both euthyroid and overt hy-
pothyroid patients) compared to the control group, while 
prolonged P100 latency was only observed in the HT 
patients in euthyroid patients. VEP delay is consistent 

with studies suggesting that it is likely secondary to dys-
function of the central retina and visual pathways16, 17, 22. 
These results suggest ongoing silent CNS involvement 
in euthyroid patients and the possibility of neurological 
complications. Possible mechanisms include direct central 
nervous system changes, autoimmune mechanisms, in-
flammatory processes, metabolic disruption or disintegra-
tion effects. The findings may support a systemic thyroid 
ophthalmopathy. Our observations confirm that brain bio-

Table 5. Relationship between serum TSH level and VEP parameters

VEP TSH Normal (n=51) TSH High (n=24) P

Mean Median SD Mean Median SD

Latency (ms)

N75 Right 52.26 51.60 8.40 58.02 54.90 10.13 0.020

Left 52.54 51.60 8.41 56.95 57.20 8.75 0.023

Average (Right, Left) 52.40 52.15 7.29 57.48 57.33 8.45 0.005

Right-Left difference 0.28 0 8.37 1.07 0.20 8.55 0.440

P100 Right 84.89 83.20 9.10 87.78 86.15 8.05 0.135

Left 84.53 82.80 8.60 89.22 88.70 9.61 0.034

Average (Right, Left) 84.71 83.60 8.55 88.50 87.50 8.32 0.044

Right-Left difference 0.36 0 4.60 1.44 -0.40 6.11 0.363

N145 Right 127.30 125.78 13.17 129.47 127.35 21.29 0.932

Left 127.37 128.13 14.01 134.42 130.08 21.63 0.203

Average (Right, Left) 127.33 126.76 12.68 131.95 132.52 20.59 0.485

Right-Left difference 0.07 0.78 9.83 4.95 4.10 12.06 0.052

Amplitude (μV)

N75/P100 2.27 1.83 1.92 2.28 2.06 2.23 0.887

VEP: visual evoked potential, TSH: thyroid-stimulating hormone

Figure 1. Relationship between TSH elevation and P100 value
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electrical effects are present in patients with 
Hashimoto’s disease without central nervous 
system involvement. In addition, we think 
that the P100 latency difference is more pro-
nounced in this group because 56% of the 
patients are in the 30-49 age group and the 
majority of this group (73.8%) consists of 
euthyroid patients (Figure 2).

It was previously reported that there was 
no significant correlation between disease 
duration and VEP parameters in HT17. In our 
study, there was a weak and nonsignificant 
correlation between disease duration and 
P100 latency. 

Similar to the literature, no statistically 
significant relationship was found between 
VEP parameters and free thyroid hormones 
(fT3, fT4), antithyroid antibodies (anti-TG and anti-TPO), 
or the levothyroxine dose used 16, 17, 20. However, as stated in 
some studies, there was a statistically significant relation-
ship between serum TSH level and VEP parameters13, 22, 23. 
In our study, we observed a tendency toward longer P100 
latency with higher serum TSH level (Table 5).

Sharma et al. examined the pre- and post-treatment 
VEP findings of 30 patients newly diagnosed with hypo-
thyroidism and reported prolonged P100 latency and de-
creased N75/p100 amplitude before treatment and signifi-
cant improvement in latency prolongation and amplitude 
values after 3 months of treatment. They attributed the 
prolonged P100 latency and reduced N75/p100 amplitude 
ratio to demyelination13. The greater N75/p100 amplitude 
ratio observed in our study indicated increased CNS activity 
and a central autoimmune effect of HT17. In addition, we 
observed prolonged P100 latency in euthyroid patients. 
This suggests that even if demyelination was prevented 
with the necessary hormone replacement therapy, autoim-
mune involvement in the CNS continued over the long 
disease duration. As is known, HT also involves autoim-
munity to the thyroid gland, which may cause CNS in-
flammation even if thyroid hormone levels are normal24. 

Conclusion
Our findings confirm that HT patients with no defects on 
neurological examination have altered brain bioelectri-
cal activity and that subclinical CNS involvement can be 
detected with VEP. These alterations (N75/P100 ampli-
tude ratio and P100 latency prolongation) also increased 
with increased disease severity, suggesting that this may 
be related to an ongoing autoimmune process. Therefore, 
not only hormone replacement therapy but also disease-
modifying treatments should be implemented in patients 
with HT.
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ESETISMERTETÉS

CASE REPORT

Bevezetés – A farmakorezisztens epilepsziák 
naturalisztikus zajlására kevés a tudományos 
adat. A tanulmány célja a farmakorezisztens 
epilepsziás betegek spontán állapotváltozá-
sainak elemzése a kimenetel szempontjából. 
A tanulmány a következő kérdésekre keresi 
a választ: Felismerhető-e valamilyen trend 
a betegek klinikai tüneteinek alakulásában 
krónikus farmakorezisztens epilepsziában? 
Milyen tényezők befolyásolhatják a spontán 
rendeződést, illetve a váratlan rohamre-
cidívát – különös tekintettel a környezeti 
hatásokra?
Módszerek – A szerző 2024. január 1. és jú-
nius 30. között kontrollvizsgálaton megjelent 
14 krónikus farmakorezisztens epilepsziás 
betege közül négy esetben a zajlás utolsó 
10 évében – a terápia módosítása nélkül is – 
jelentősebb változást észlelt. További három 
betege pedig többéves tünetmentesség 
után rohamrecidíva miatt jelentkezett. Az 
esetösszefoglaló ezek naturalisztikus alakulá-
sát értékeli, különös tekintettel a rohampro-
vokáló, -kiváltó és -elősegítő körülményekre.
Eredmények – A szerző azt találta, hogy 1. 
A klinikai zajlás változatlan terápia mellett is 
mind a rohamerősség, mind a rohamgya-
koriság szempontjából „spontán” javulást 
mutathat. 2. A változás az esetek többségé-
nél aktuálisan ható külső vagy belső élet-
körülményekkel, életeseményekkel mutat 
összefüggést. 3. A rohamkockázat a szakmai 
irányelvben meghatározott gyógyulási inter-
vallumot meghaladó tartamú tünetmentes-
ség után is magasabb marad.
Következtetés – A farmakorezisztens 
epilepsziás betegek szokásos rohamai is 
sokszor akut vagy tartósan fennálló roham-
provokáló, -kiváltó tényezőkkel hozhatók 
összefüggésbe. Ezek megszűnése roham-
mentességhez vezethet. A kimenetelben az 

Unexpected changes in long-term 
follow-up of pharmacoresistant  
epilepsies. Case reports 
Rajna P, MD, PhD, DSc

Background and purpose – There is few 
naturalistic evaluation on the spontaneous 
plasticity in the long-term follow-up of phar-
macoresistant epilepsies. The author aims 
to answer the following questions: What are 
the trends and characteristics in spontane-
ous clinical development (amelioration or 
worsening) of these patients? Which external 
circumstances can influence the outcome - 
with special concern to seizure precipitating/
provoking factors?
Methods – The author summarizes the 
history of 4 patients from the 14 ones with 
pharmacoresistant epilepsy presented con-
secutively between 1th January to 30th June 
2024 at his out-patient clinic in whom he 
observed meaningful ‘spontaneous’ improve-
ment in the follow-up without any modifica-
tion of pharmacotherapy, and that of further 
3 patients in whom unwanted seizure 
occurred after a long lasting seizure free-
dom. In their short case-reports he pointed 
the presence of some actual life events of 
physical, mental or emotional nature which 
possibly acted on the outcome.
Results – During the long-term follow-up 
of pharmacoresistant epilepsies the author 
found that i./ The clinical course can show 
’spontaneous’ improvement concerning both 
in the frequency and intensity of seizures. 
ii./ In the majority of patients it shows close 
relation to the changes in life circumstances 
and to the presence of transient life events. 
iii./ The increased risk for relapse has been 
still remaining after a seizure-free life period 
lasting longer than that of established for the 
cured state. 
Conclusion – Occurrence of habitual 
seizures can be in closer connection with 
precipitating factors even is pharmacoresist-
ant epilepsies. So, decrease or lack of some 
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A krónikus epilepsziák kimenetelét illetően a szakma 
egyetért abban, hogy rohamgátló gyógyszer(ek) al­

kalmazásával a betegek legalább kétharmadánál teljes 
és tartós rohammentességet lehet elérni. (További, ennél 
ígéretesebb eredményeket mutatnak fel a bizonyos epi­
lepszia-alcsoportokban alkalmazható sebészi, neuromo­
dulációs, illetve egyéb önálló vagy kiegészítő terápiák. 
Ezek tárgyalása nem célja a jelen közleménynek.) 

Rövid, gondolatébresztő esettanulmányokon ala­
puló elemzésemben a maradék egyharmadba tartozó 
farmakorezisztens (a továbbiakban FR) betegeim több 
évtizeden át történt követésével nyert, az érvényes szak­
mai kimeneteli meghatározásokat feszegető hosszmetszeti 
tapasztalataimról számolok be. Ezek elméleti vetülete akár 
új alapokra is helyezheti az FR betegpopuláció gondozá­
sának pilléreit.

Az epilepsziabetegség és  
az FR hagyományos fogalmáról
Az epilepszia klinikai szakmai irányelvei között talán a 
legjelentősebb: Minden epilepsziás betegnek egynél több 
epilepsziás rohama van vagy volt, de nem minden epi-
lepsziás rohamot elszenvedett egyén epilepsziabeteg. Az 
epilepszia diagnózisához elengedhetetlen az ismételt nem 
provokált („spontán”) rohamfellépés. (Az utóbbi feltétel 
azonban ingatag – lásd később.)

Az epilepszia szakmai irányelveinek megfelelő kivizs­
gálást és életviteli megbeszélést követően megtörténik a 
megfelelő rohamgátló beállítása. Az elsődleges terápiás 
cél mindig a teljes rohammentesség. Sajnálatos, de jól 
érthető, hogy a kezelések eredményessége szorosan ös�­
szefügg a páciens anyagi helyzetével és a helyi egész­
ségügy fejlettségi szintjével1. Fontos adat, hogy egyéves 

rohammentesség komoly esélyt jelent a páciens tartós ro­
hammentessége szempontjából. Az általános kimeneteli 
statisztikák a bevonási feltételek eltérései miatt jelentős 
szórást mutatnak, de a kontrollálható betegek arányát 
nagyjából 2/3-ra becsülik. Érdekes, hogy a terápiás mód­
szerek fejlődése ellenére ez az arány stagnál – például egy 
viszonylag friss vizsgálat szerint a megfelelően kivizsgált 
és kezelt, válogatatlan epilepsziás populáció 61,3%-ában 
egyéves, 49,3%-ában kétéves rohammentességet mutattak 
ki2. A gyógyulás kimondásához szükséges tünetmentes 
intervallum meghatározása az alkalmassági véleménye­
zések miatt kényes feladat – jellemzően a hazai szakmai 
irányelv is csak az alkalmassági fejezetben említi, illetve a 
munkaegészségügyi rendeletekben szerepel3. Az általában 
szokásos időszak, így a hazai is 2 év gyógyszeres, majd  
3 év gyógyszermentes tünetmentesség. Kedvezőbb ala­
kulásra van kilátás, ha nincs agyi strukturális károsodás, 
az EEG-n az interictalis elektromos eltérések mérsékeltek 
(vagy hiányoznak), a rohamok gyakorisága és/vagy erős­
sége, a rohamjelenségek, illetve a postictalis állapot jelei 
csekélyek4. Továbbá egyértelmű, hogy a beteg-együttmű­
ködés szintje és fegyelme a kimenetel szempontjából is 
döntő lehet5.

Röviden az FR klinikai nézőpontjairól

Az FR kimondása nehéz orvosi döntés. A gyakorló orvos 
minden egyes roham esetén újraértékeli, hogy a rendel­
kezésre álló rohamgátló terápiás palettáról vajon a páci­
ensnek legjobban megfelelőt választotta-e. Optimális-e a 
dózis? (A szérumgyógyszerszint-méréseknek is vannak 
korlátaik.) Szükséges-e gyógyszeres kombináció? Nem 
kell-e a zajlást (vagy az alapdiagnózist!) újraértékelni? 
Meddig várjon a változtatással? A felsorolás nem teljes. 

aktuális rohamgátló gyógyszerelés összetéte-
le nem játszik meghatározó szerepet. Másfe-
lől a krónikus farmakorezisztens epilepsziák 
kedvező zajlás esetén átmenetileg akár 
teljesíthetik is a „gyógyult epilepszia” kritériu
mait, de a rohamrecidíva kockázata ezután 
is magasabb marad. Az említettek alapján az 
epilepsziadiagnózis, a farmakorezisztencia, 
valamint a provokált és nem provokált ro-
hamok fogalmának újraértelmezésére lehet 
szükség a roham-elősegítő, rohamkiváltó 
tényezők részletesebb tanulmányozásának 
igényével. 

Kulcsszavak: farmakorezisztens epilepszia, 
rohamprovokáló tényezők, epilepsziaprognó-
zis; naturalisztikus, hosszú távú követés

of them can lead to spontaneous recovery. 
The applied pills did not play significant role. 
On the other hand, the pharmacoresistant 
epilepsies can temporarily fulfill the condi-
tions of ‘cured epilepsy’ but the risk of recur-
rence still remains higher. Based on these 
observations, a more detailed evaluation of 
precipitating and provoking factors of sei-
zure is recommended in pharmacoresistant 
patients for achieving their optimal care. This 
may also include some new concepts in the 
definition of pharmacoresistant epilepsy.

Keywords: pharmacoresistant epilepsy, 
seizure provoking factors, prognosis of epi-
lepsies; naturalistic, long-term follow-up
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További, az orvos-beteg kapcsolattól is erősen függő 
gyógyszerelési dilemma, amikor a beteg belenyugszik a 
lehető legjobb, de nem tünetmentes állapotba, az orvos 
azonban nem, vagy fordítva. Ezekről a beteggondozási 
kérdésekről és megoldásuk szakmai gyakorlatáról külön 
közlemények készülhetnének. 

Az első – célzott és személyre szabott – gyógyszer­
beállításra jól reagáló betegcsoporttól eltekintve a teljes 
tünetmentességet célzó, mellékhatásmentes rohamgátlás 
kialakításának erőfeszítései nagyjából a következő 2-3 
évben lezajlanak. Ebben az időszakban történhet meg 
azoknak az egyéni tényezőknek a kiszűrése is, amelyek a 
rohamgátló hatást akadályozhatják vagy gátolhatják (úgy­
nevezett pszeudorezisztencia6. A páciensek harmadánál 
tehát, akiknél a tartós rohammentesség elérése nem sike­
rül, a legjobb életminőséget biztosító hosszú távú terápia 
kialakítása a cél – a legújabb gyógyszerek, esetleg egyéb 
terápiakombinációk, illetve az addig még nem történt be­
avatkozások alkalmazásának folyamatos mérlegelésével. 
A betegeknek többnyire meg kell „barátkozniuk” az akár 
élethosszig tartó gyógyszerszedéssel és a provokáló té­
nyezők szigorú kerülésével. Még tartós rohammentesség 
esetén is gondos megfontolást igényel a rohamgátló leépí­
tése, hiszen recidíva esetén a gyógyszer visszaállítása nem 
minden esetben hoz újra teljes mértékű rendeződést7, 8.

Az FR hosszú távú klinikai  
alakulása
Az FR betegek többségénél egyénenként változó, aktuális 
életesemények nyomán mindkét irányú elmozdulásra ké­
pes egyensúlyi állapot rögzül, melyben rohamok is jelen 
vannak. Az enyhébb zajlású, ritkán jelentkező, sérülésve­
széllyel nem járó paroxysmalis történések esetén a bete­
gek életminősége jelentősen nem romlik, az életkilátások 
hasonlóak az egészségesekéihez. A klinikai zajlás azonban 
nem vízszintes vonalon halad. (Azaz: az FR epilepszia 
továbbra is kórfolyamat és nem kórállapot.) Az életkor 
előrehaladásával bekövetkező szervezeti kopások, esetleg 
egyéb betegségek kialakulása esélyt teremthet az epilep­
sziás tünetek rosszabbodására. Máskor a klinikai összkép 
romlását az epilepsziás történések mellett (gyakran pszi­
chiátriai természetű) társbetegségek, esetleg pszichogén, 
nem epilepsziás rosszullétek eredményezik9.

Az FR epilepsziás betegek klinikai képének hosszú 
távú alakulásával viszonylag kevés követéses vizsgálat 
foglalkozik. A tartós rohammentesség melletti gyógy­
szerleépítést követő recidívahajlam 20–50%! Ráadásul 
a rohamgátló visszaállítása után 20%-ban nem áll vissza 
azonnali rohammentesség10. Részben ezzel is összefügg, 
hogy a páciensek egy része a szakmai irányelvnek meg­
felelő időtartamú tünetmentességet követően is folytatni 
kívánja a rohamgátló gyógyszer(ek) szedését, mivel a min­
dennapi „betevő” pirulák számukra kifejezett nyugalmat, 
biztonságérzetet adnak. (A gyógyszerleépítési terv továb­

bi, szinte elháríthatatlan barikádja, amikor a korábban tör­
tént próbálkozás rohamrecidívához vezetett.)

Annak ellenére, hogy nem csökkent az FR betegpopu­
láció aránya, a betegség szociális kimenetele a jobb isme­
retáramlás és a betegség komplex kezelése következtében 
javult11.

Esetismertetések
A közlemény megírásának alapját a 2024. első félévé­
ben rendelésemen megjelent 14 FR betegem közül az a 
négy páciens szolgáltatta, akiknél a zajlás az utóbbi 10 
évben – számomra is meglepően – az előző időszakhoz 
képest jelentős „spontán” (azaz terápiamódosítás nélkül 
bekövetkező) javulást mutatott. Ezeket egészíti ki annak 
a három betegnek a története, akiket ugyancsak ebben az 
időszakban váratlan rohamrecidíva miatt kontrolláltam. 
Történeteiket megjelenésük sorrendjében foglalom össze. 
A bemutatások terjedelmi okok miatt nem tartalmazzák a 
több évtizedes követés részletes vizsgálati, illetve terá-
piás (például gyógyszerminőségekre / dózisokra vonat­
kozó) adatait. Ezek egyezéseit vagy különbségeit illetően 
ugyanis semmiféle magyarázatot nem találtam a tapasztalt 
változások, illetve zajlási formák megjelenésére. A rövid 
ismertetések után megpróbáltam összefoglalni a kimenetel 
tekintetében feltételezésem szerint szerepet játszó kvali­
tatív történéseket. 

1. páciens

A jelenleg 71 éves nőpáciens 2003 óta áll kezelésem alatt. 
A családjában epilepsziás rosszullétről nem tud. Első roha­
ma 36 éves korában lépett fel, és azóta nagyjából azonos 
formában évente pár alkalommal, kizárólag a reggeli órák­
ban, már éber állapotban ismétlődik: a szemtanúk szerint 
jobb keze ökölbe szorul, teste merevebb, 1-2 percig kon­
taktusképtelen, az ez alatti történésekre amnéziás. Ezek 
mellett körülbelül havonta rövid kikapcsolása, lefagyása 
jelentkezik, szubjektíve többnyire „jamais vu” élménnyel.

Részletes neurológiai kivizsgálása során a koponya-
MRI több kisebb subependimalis heterotopiát mutatott, 
a hippocampusok 10 és 15 évvel az első roham után is 
épek voltak. EEG-n (alvásmegvonást követő tartós re­
gisztrációt is beleértve) epileptiform minta nem jelent­
kezett (jobb temporalis epizodikus meglassulás). Ös�­
szesen 10 fajta rohamgátló molekulát próbáltunk ki, a 
dózisoptimalizációhoz szérumszintméréseket is végez­
tünk. A biterápiák közül végül a lamotrigin + klobazam 
bizonyult a leghatékonyabbnak. Emellett körülbelül két­
havonta jelentkeztek a fent leírt fokális rohamok (amelyek 
oralis automatizmusokkal egészültek ki), illetve havonta 
élt át elakadásos élményt. A Covid-19 időszakot követően 
munkaterhelése nőtt, ezzel egyidejűleg mindkét rohamfor­
ma gyakoribbá vált – havi 2-3 reggeli komplex parciális 
rosszulléttel. 2020 novemberében férje éjszakai generali­
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zált konvulziót észlelt. Az állapotromlás miatt életviteli 
döntést hozott: 2021 óta nyugdíjban van. 

Változatlan gyógyszerelés mellett a rosszullétek foko­
zatosan ritkultak és enyhültek: már harmadik éve, hogy 
komplex parciális rohama nem jelentkezett, és egy év alatt 
egyetlen elakadásos epizódról tud. A gyógyszeres roham­
védelmet fenn kívánja tartani. 

A rohammentes életszakaszra vonatkozó részletes kikér-
dezés során a nyugdíjas életforma mellett kialakult jelen-
tős változások derültek ki: csökkent a napi stresszterhelés; 
megszűnt a gyakori prolongált stresszállapot; megszűnt 
a teljesítményszorongás; nőtt az alváshossz, spontánná 
vált a reggeli ébredés; rendszeresebb lett a táplálkozás 
és nyugalmas az életvitel.

2. páciens

A jelenleg 72 éves nőbeteg 1994 óta áll kezelésem alatt. 
Első rosszulléte 26 éves korában lépett fel, lázas beteg­
ség idején, generalizált nagyroham formájában. Konvulzív 
rohama többé nem jelentkezett, de pár hónapos latenciát 
követően 1–3 havonta szórványosan vagy epizodikusan 
(néhány héten belül 3–5 alkalommal) különböző zajlású 
(lefagyás, esetenként beszélgetés közben fél-1 percig tartó 
tájékozatlanság, „szósaláták”, máskor a lefagyás közben 
„zihálás”) fokális rohamai rögzültek. A kóroki vizsgálatok 
közül az agyi képalkotók eltérést nem mutattak. Éber és al­
vás alatti EEG epileptiform mintát nem mutatott. A fokális 
epilepsziákban alkalmazott összes gyógyszert kipróbáltuk, 
tartós változás nem következett be. Középiskolai tanári 
munkáját mindig kiemelkedő teljesítménnyel végezte. A 
fokozott szellemi terhelés, illetve a megfelelési késztetés 
mint rohamprovokáló tényező rosszulléteinek több mint 
felében tisztázható volt. A rohamok jellemzően a kritikus 
helyzet előtt (várakozási feszültség), vagy utána (teher­
mentesüléses szak) jelentkeztek, szerencséjére döntően 
hétvégén vagy az esti órákban. A nyugdíjas kor elérését 
követően még évekig tovább dolgozott. A tanítást öt éve 
hagyta abba. Harmadik éve változatlan (karbamazepin + 
lakozamid) gyógyszerelés mellett sem maga, sem környe­
zete nem észlelt rosszullétet. 

A rohammentes életszakaszra vonatkozó részletes ki-
kérdezés során a következő jelentős változások voltak 
tisztázhatók: a napi stresszterhelés jelentős csökkenése; 
a gyakori prolongált stresszállapot megszűnése; jobb mi-
nőségű éjszakai alvás.

3. páciens

A jelenleg 78 éves nőbeteget kisgyermekkorában láz­
görcs miatt észlelték, rövid ideig rohamgátlót is szedett. 
Családi epilepszia vonatkozású adat nincs. Görcsrohama 
a későbbiekben összesen két alkalommal volt. 34 éves 
korától indultak a közelmúltig fennálló sajátos, tünetileg 
csupán beszédképességének átmeneti megszűnésével és 

nem minden esetben arcának, főleg a száj körüli izmoknak 
a fintorával járó fokális rosszullétei, melyeket esetenként 
a jobb testfélben jelentkező és a száj körüli fonákérzések 
vezettek be. Férje elmondása szerint a fél-egy perces ro­
hamtartam idején a válaszadást, az instrukciók végrehaj­
tását megkísérli, de összességében tájékozatlannak tűnik. 
A roham alatti történésekről emlékképei maradnak fenn. 
Kivizsgálása során az agyi képalkotó vizsgálatok negatí­
vak, az EEG-felvételeken ismételten bal temporocentrális 
meredekhullámok láthatók. Állapotának alakulását 44 
éves kora óta követem. A rohamgátló kezelés bevezeté­
sét követően szinte azonnal tartós tünetmentesség alakult 
ki, majd a beszédelakadásos jelenségek átmenetileg újra 
felléptek, akár heti gyakorisággal is. A rohamgátlók cse­
réje nem hozott biztos, illetve tartós eredményt, sok éve 
levetiracetam-monoterápiában részesül. A fenti zajlás lelki 
terhe következményeként kialakult várakozási feszültség 
fokozatosan szorongásos zavar (szociális fóbia) kialaku­
lásához vezetett, ami miatt szintén gyógyszeres kezelést 
(antidepresszáns) kellett beiktatni. 60 éves korában nyug­
díjba vonult, de az új élethelyzetet nehezen szokta meg.  
A habituális rosszullétek gyakorisága (évi 3–5) epizo­
dikusan nőtt, illetve új tünetként váratlan rövid olvasá­
si nehézséget észlelt. Számára is meglepő volt, hogy az 
utolsó 2,5 évben nem észlelt semmiféle ictalis jelenséget.  
A gyógyszeres terápia folytatásához ragaszkodik.

A rohammentes életszakaszra vonatkozó részletes ki-
kérdezés alapján a korábbi, aktív epilepsziás szakasszal 
összevetve egyértelmű körülményváltozás nem tisztáz-
ható. 

Feltételezhető azonban, hogy a jellegzetes rohamje-
lenségek (átmeneti mentális integritás- és kommunikációs 
zavar) és a párhuzamosan kialakult szorongásos betegség 
(szociális fóbia) patológiás erősítő kölcsönhatást fejtettek 
ki egymásra. (Az idősödés, a mozgásszervi műtétek után 
a földrajzi-fizikai és a szociális-közösségi élettér szűkü-
lése paradox módon egyértelműen kedvezően hathatott a 
rohamjelentkezésre.) Amennyiben valóban ez a történés 
a klinikai változás oka, úgy ez – visszamenőleg – a ko-
rábbi, aktívabb életvitel megterhelő szintjét igazolhatja 
(„túlvállalás”).

4. páciens

A jelenleg 72 éves nőbeteg családjában több epilepsziás 
beteg van. 19 éves korában, reggel, ébredés után lépett fel 
első típusos epilepsziás nagyrohama, megelőzően izom­
rándulásokat érzett. Kivizsgálása során a koponya-CT 
(majd később MRI) negatív volt, az EEG-n több alka­
lommal generalizált tüske- és hullámminta jelentkezett. 
Ennek alapján rohamgátló kezelést indítottak, ami mellett 
tünetmentessé vált. 41 éves kora óta kezelem. Folyamatos 
gyógyszerszedés mellett (lamotrigin + klobazam) egy-két 
évente, egyértelműen megterhelő élethelyzetben, idege­
sebb állapotban jelentkező, 10–20 mp-es „kikapcsolás”-
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élményekről számolt be, amikor például nem fogta fel 
a hozzá intézett szavakat. A rohamgátló módosításával, 
kombináció bevezetésével azonban ezek is megszűntek. 
A gyógyszerek leépítési tervét kitoltuk, mert EEG-kont­
rollfelvételén még 2007-ben is 10 mp-es tartamú genera­
lizált interictalis mintát regisztráltunk. Végül 2012-ben 
történt meg a gyógyszerek fokozatos elhagyása. Egy évvel 
később, amikor fizikailag és lelkileg is megterhelő élet­
helyzetben – bizonytalan absence-élményekkel bevezet- 
ve – összesen két nagyrohama lépett fel, a korábbi terá­
piára haladéktalanul visszaálltunk. Ezt követően a tartós 
tünetmentesség visszaállt, az utolsó absence is évekkel 
ezelőtt jelentkezett. (Éber állapotban készített EEG-n el­
térés nem jelentkezik.)

A páciens történetének „üzenete” eltér az előzőekétől. 
A tartós rohammentes életszakaszra vonatkozó részletes 
kikérdezés alapján a korábbi, aktív epilepsziás szakasszal 
összevetve egyértelmű körülményváltozás nem tisztázható. 
Véleményem szerint a zajlás klinikai üzenete: erős gene-
tikai kockázat és aktív interictalis EEG-eltérések mellett 
valószínű, hogy a tartós tünetmentes állapot kizárólag 
rohamgátló védelem mellett biztosítható.

A bemutatott betegtörténetek azt példázták, hogy az 
FR-t mutató epilepsziás működészavar klinikailag jelentős 
plaszticitással rendelkezik. Ezen belül akár olyan kimeneteli 
eséllyel is, amikor tudatos orvosi vagy páciensi beavatkozás 
nélkül a korábban erőteljes epilepsziás készség meggyen­
gül, esetleg megszűnik. (Hétköznapi értelemben az epilep­
szia „meggyógyul”.) Az epilepsziás impulzusgyakoriság/-
erősség, illetve az ellene ható élettani védelem egymásnak 
feszülésében az utóbbi természetes túlsúlya epilepsziás 
előtörténet esetén érthetően nem stabil. 

A következő három eset az előbbiekkel némileg ellenté­
tes tendenciát mutat, a „gyógyult állapot sebezhetőségét” 
igazolja.

5. páciens

A jelenleg 67 éves férfi kórelőzményében epilepsziára 
vonatkozó kockázati adat nincs. Első epilepsziás nagy­
rohama hatéves korában lépett fel, majd ezt követően, 
többféle rohamgátló alkalmazása ellenére további hét 
éven át (döntően a hajnali órákban zavaros ébredésekkel, 
ritkábban ébredést követően, illetve kora délután szokat­
lan cselekedetekkel, amnéziával kísért) komplex parciális 
rohamai álltak fenn. Ezek mellett összesen hat alkalommal 
szintén alvás környékén típusos nagyrohamok ismétlőd­
tek, melyeknél többnyire provokáló tényezőket lehetett 
tisztázni. Arcaszimmetriája alapján intrauterin kórok gya­
núja merült fel, de az agyi képalkotó vizsgálatok ezt nem 
erősítették meg. Az EEG-vizsgálatok viszonylag aktív, 
változatos (részben fokális, részben generalizált), változó 
oldaliságú, elsősorban temporalis interictalis epilepsziás 
mintázatokat mutattak.

A leghatékonyabb gyógyszerelés gyakorlati előnye ab­
ban mutatkozott meg, hogy a kezelés bevezetését köve-
tően nagyrohamai megszűntek, a parciális rohamok pedig 
kizárólag az éjszakai alvás időszakára, illetve a reggeli 
ébredés első fél órájára korlátozódtak, azonban havon­
ta-kéthavonta tisztázható provokáló tényezők nélkül is 
fennmaradtak. Emellett iskolai előmenetele megfelelő 
volt, zenei tehetsége pedig kibontakozott. A gyermekepi­
lepszia-rendelést „kinőve” 19–26 éves kora között állt el­
lenőrzésem alatt. A korábban beállított (karbamazepin + 
valproát) gyógyszer-kombináció szérumszintmérésekkel 
történő dózisoptimalizációja után a következő években 
rohamai fokozatosan ritkultak, majd megszűntek. EEG-
kontrollvizsgálatok során alvásban, alvásközeli állapot­
ban a generalizált interictalis minta szórványosan, rövid 
tartammal jelen maradt. Fokozatos leépítést követően, 25 
éves korától gyógyszermentesen is tünetmentessé vált, 
családot alapított, a zenei pályán sikeresen haladt.

Több mint 30 éves rohammentesség után aktuális 
kiváltó ok nélkül, a hajnali órákban fellépett típusos 
epilepsziás nagyroham miatt jelentkezett újra. A kö­
rülmények elemzése során tisztázódott, hogy körülbe­
lül másfél éve ujjainak fonákérzése miatt kivizsgálás 
alatt áll (neuropathia kórismével), illetve már több éve 
nyaki és háti csigolyáinak kopásos degenerációja miatt 
rendszeresen kezelik. A megelőző hónapokban megnö­
vekedett a munkájával járó terhelés, nyomasztották az 
évekkel korábban válással végződő házasságának elhú­
zódó hivatalos ügyei, és édesanyja induló mentális be­
tegségének lelki, olykor fizikai súlya. Az agyi képalkotó 
kontroll eltérést nem mutatott, az alvásmegvonást köve­
tő EEG-n középmély alvásszint mellett sem jelentkezett 
epileptiform eltérés. 

A beteg életminősége szempontjából fontos gépjármű­
vezetői alkalmasság megítéléséhez szükséges „kivárási 
idő” meghatározásán túl további felelősségteljes szakmai 
kérdés a rohamgátló visszaállításának dilemmája.

A csaknem fél emberöltőnyi rohammentes életszakaszt 
megszakító váratlan (nagy)roham fellépésében szerepet 
játszhat az egészségi problémák miatt megjelenő szakmai 
teljesítményszorongás, a várakozási feszültség. Emellett 
nem elhanyagolható a recidívát megelőző években állan-
dósult házassági konfliktus miatti lelki terhelésfokozódás 
lehetséges szerepe sem.

6. páciens

A jelenleg 66 éves férfi beteget 34 éves kora óta kezelem. 
Epilepsziabetegségét 19 éves korában diagnosztizálták a 
reggeli órákban ismételten fellépő szimmetrikus rángások­
kal és eszméletvesztéssel járó rohamait követően. (Annak 
alapján, hogy noha mindkét esetben aktuális provokáló 
tényezőket – alvásdeficitet és alkoholfogyasztást – lehetett 
tisztázni, a kivizsgálás során végzett EEG jobb temporalis 
izgalmi jeleket mutatott.)
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A rohamgátló gyógyszeres kezelés beállítását követő­
en 1–3 éves rohammentes időszakok következtek, azokat 
váratlanul megszakító, többnyire ébredés környékén fel­
lépő nagyrohamokkal. Gyakorlatilag az összes rosszullét­
előzményében tisztázni lehetett kiváltó tényezőket, mint 
alváshiány, szituatív izgalmak, illetve gyógyszerelési 
pontatlanság. 

Az agyi képalkotók eltérést nem jeleztek, a kontroll-
EEG során változó oldaltúlsúlyú temporalis meredek­
hullám-csoportok jelentek meg. A gyógyszerelés módo­
sításaival, racionális biterápia (fenitoin + levetiracetam) 
kialakításával végül tartós, három évet meghaladó, tehát 
gyógyulással kecsegtető rohammentes szakok alakultak 
ki. Négy tünetmentes év után 2007-ben váratlan hajnali 
nagyroham lépett fel súlyos arckoponya-sérüléssel. Ezt 
követően, változatlan gyógyszerelés mellett konvulzív 
roham már nem jelentkezett, de a beteg új jelenségként 
1-2 havonta fellépő, filmszerű élményzavarral kísért vá­
ratlan, rövid közérzetváltozásokról számolt be, melyeket 
egyéb ictalis jelenség nem követett. Ez az állapot 2015-
ig állt fenn, amikor ismét provokált epilepsziás nagyro­
hama lépett fel. Azóta, jelenleg tizedik éve – változatlan 
gyógyszerelés mellett! – tünetmentes. (Az élményzavarok 
is szünetelnek.)

A páciens epilepsziája szinte kezdettől fogva ismétlődő 
provokált generalizált konvulziók formájában jelent meg. 
A bizonytalan és idővel változó interictalis EEG-jelensé-
gek, valamint a lényegében azonos farmakoterápia mellett 
megjelenő, és éveken át, többéves szünetekkel fennálló, 

majd átmenetileg egyszerű parciális rosszullétekké (át-
meneti élménytünetekké) szelídülő, „spontán” lecsengő 
klinikai jelenségek utalhatnak arra, hogy nem csupán al-
kalmi epilepsziás készségről lehet szó. A csaknem tízéves 
tünetmentesség ellenére a rohamgátló kombináció szedé-
sét változatlanul folytatja.

7. páciens

A jelenleg 55 éves férfi pácienst 32 éves kora óta kezelem. 
Első rohama fél évvel korábban hajnalban lépett fel: bal 
karja görcsösen megfeszült, majd fél perc után eszmé­
letvesztéses nagyroham generalizálódott. Aktuális kivál­
tó okként erős munkaterhelés és napszúrás merült fel. A 
roham pár nap múlva szintén hajnalban megismétlődött, 
jobb vállában ínszakadással!

Kivizsgálása során koponya-MRI és EEG-vizsgálatok 
eltérést nem mutattak. Rohamgátló monoterápia (valproát) 
beállítását követően a szokásos dózistartomány és meg­
felelő szérumszint mellett a nagyrohamok még két al­
kalommal ismétlődtek – szintén hajnalban; mindkétszer 
provokáló tényezőket is lehetett tisztázni. Három év tünet­
mentesség után a rohamgátló fokozatos leépítését két év 
alatt végeztük el, ami után szintén kétéves panaszmentes 
állapot alakult ki. Ekkor – ismét kimerüléses állapotban, 
rossz minőségű alvás és nyomott lelkiállapot mellett – 
hajnali nagyrohama újra fellépett, és a következő éjjel is­
métlődött. Neurológiai kontrollvizsgálatok eltérést nem 
mutattak. A rohamvédelmet ismét visszaállítottuk, és öt 

1. táblázat. Az esetismertetésekben szereplő páciensek fontosabb epileptológiai adatai

Páciens Követési 
idősszak 
(év)

Átlagos roham-
mentes interval-
lum (év) a gondo-
zásba vétel előtt

Rohammentes 
intervallum (év)  
az utolsó kontroll 
idején 

Etiológia 1.  
Képalkotó vizs-
gálat – eltérés 
(koponya- 
CT/MR)

Etiológia 2. 
EEG (interictalis, éber állapotban  
és/vagy alvásban)

Habituális roham-
forma a részle
tezett gondozás 
időszakában

Provokáló 
tényezők 
(PRO+) vagy 
megszűnésük 
(PRO–) 

Tartós kiváltó 
tényezők 
(KIV+) vagy 
megszűnésük 
(KIV–)

1 21 0,5 1,5 subependimalis 
heterotopia

jobb temporalis meglassulás komplex parciális PRO– KIV–

2 30 0,2 2,75 negatívak negatív komplex parciális PRO– KIV–

3 34 0,25 2,5 negatívak bal temporalis meredekhullám- 
fókusz

komplex parciális – KIV–

4 40 1–2* 6,5 negatívak generalizált tüske- és hullámminta halmozott absence – –

5 48 0,1–0,2** 42 → 0,5 negatívak változó oldaliságú temporalis,  
illetve generalizált meredekhullám- 
mintázat

generalizált konvul-
zió

– KIV+

6 32 1–3 10 negatívak jobb oldali, később változó  
oldaliságú temporalis meredek- 
hullám-csoportok

generalizált 
konvulzió / egyszerű 
parciális

– –

7 23 3–5 7 → 1 negatívak negatív generalizált 
konvulzió

PRO+ KIV+

* Rohamgátló gyógyszer nélkül   ** Komplex parciális rohamok   → Az utolsó roham óta
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tünetmentes év következett. A rohamrecidíva ismét a szo­
kásos hajnali jelentkezéssel, lelkileg kifejezetten terhelő 
időszakban lépett fel. A valproát mellé addig csak alkal­
milag javasolt, antiepileptikus és anxiolyticus hatással is 
rendelkező klobazam szedését rendszeresítettük. Utolsó 
rohama hétéves szünet után 2023 augusztusában lépett fel, 
ezúttal is külső, potenciális kiváltó tényezők jelenlétében.

A kórfolyamat stagnáló zajlást mutat: a sokéves 
rohamgátló kezelés a rohamfellépések közötti interval-
lumot megnyújtotta (az irányelvek szerinti minimális 
„gyógyulási” időszakot is meghaladóan), de igazán hos�-
szú távú rohammentességet nem sikerült elérni. Aktuális 
kiváltó tényező(k) minden rohamfellépéskor tisztázhatók 
voltak, a páciens gyógyszercsökkentést a tünetmentes pe-
riódusokban sem vállal. 

Az esetismertetésekből a megbeszélésben felhasznált 
legfontosabb adatokat és változókat az 1. táblázat foglalja 
össze. 

Megbeszélés

Az FR meghatározásának dilemmája

A rohamgátlók részleges hatása vagy eredménytelensége 
esetén beszélünk FR-ről. A szakirodalom álláspontja a 
részleteket illetően nem egységes. Mivel maga a beteg­
ség is spektrum jellegű, az FR kritériumait feltehetően a 
klinikai szindrómák szerint is árnyalni szükséges12. Fon­
tos további interaktív tényező a szomatikus és/vagy pszi­

chiátriai komorbiditás zajlásának alakulása13. Hányfajta 
rohamgátló, milyen kombinációk, milyen adagolás kudar­
ca esetén beszélhetünk FR-ről? Mennyi legyen a követé­
si idő? Ezekre a legfontosabb szakmai kérdésekre sincs 
egyöntetű válasz. Még arra az egyszerűnek látszó kérdés­
re sem, hogy FR esetén milyen életminőségi kritériumok 
megvalósulásakor beszélhetünk mégis „kontrollált” epi­
lepsziáról? A betegek nagy részénél a válasz valóban nem 
könnyű (beleértve az ismertetett pácienseket is). Tovább 
bonyolítja az FR személyre szabható meghatározásához 
szükséges vizsgálati eredmények értékelését, hogy a vo­
natkozó közlemények jelenleg az FR jelentőségét gyakor­
lati okokból szinte kizárólag a lehetséges (további) sebészi 
vagy egyéb új (nem gyógyszeres) terápiás irányok felől 
közelítik meg. A korábbiakhoz hasonlóan, a legfrissebb 
metaanalízisekből14, 15 is az FR tekintetében véleményem 
szerint legalább két kimeneteli forma hiányzik. Annak el­
lenére, hogy ezekkel minden, több évtizedes betegkövetést 
nagyobb számban végző klinikus találkozik, és amelye­
ket a bemutatott példákkal iparkodtam megerősíteni: 1. 
FR keretein belül – jó beteg-együttműködés mellett – az 
optimalizált rohamgátló farmakoterápia tartós alkalma­
zásával „spontán” is kialakulhat tartós rohammentesség, 
illetve 2. a „gyógyulás” kialakulásának tekintett ötéves 
rohammentességet messze meghaladó intervallumok után 
is emelkedett maradhat a rohamrecidíva kockázata.

Paradigmaváltás lehetősége az FR betegek 
eredményesebb gondozásában?
A bemutatott betegek történetének anekdotikus szakmai 
üzenetei alapján az FR zajlás során a roham-elősegítő, 
-provokáló, -kiváltó tényezők is új megvilágításba ke­
rülhetnek. Amennyiben elfogadjuk, hogy az epilepsziás 
roham az egészséges agyban is kirobbantható, az epilep­
sziabetegség kórélettani meghatározásának az eddigiek­
től kissé eltérő megközelítését vethetjük fel. Ebben az 
értelmezésben az FR lényegét nem az agy (eleve meg-
lévő) epilepsziás működészavara, hanem sokkal inkább 
az epilepsziaellenes élettani védelmi rendszer károsodása 
(egészséges körülmények között működő kapacitásának 
csökkenése) következményének kell tekinteni.

Azaz akár van hardverhiba és/vagy szoftverhiba (kép­
alkotó- vagy EEG-eltérés), akár nincs, a betegség klinikai 
tulajdonságai, így a kimenetele is döntően az egészséges 
epilepsziaellenes védelem hatékonyságával kapcsolatos. 
(A háborús agysérültek követéses vizsgálatai már sok év­
tizede is közvetett bizonyítékokat szolgáltattak erre, hi­
szen látszólag azonos, súlyosan epileptogén sérüléseket 
szenvedőknél sem alakult ki minden esetben poszttraumás 
epilepszia.) 

Mivel extrém külső hatások képesek áttörni az ép 
védelmet is, a vázolt megközelítés a hagyományostól 
eltérő diagnosztikai, illetve terápiás irányokat is kijelöl­
het. Mindenekelőtt a belső és külső környezeti hatások 

1. táblázat. Az esetismertetésekben szereplő páciensek fontosabb epileptológiai adatai

Páciens Követési 
idősszak 
(év)

Átlagos roham-
mentes interval-
lum (év) a gondo-
zásba vétel előtt

Rohammentes 
intervallum (év)  
az utolsó kontroll 
idején 

Etiológia 1.  
Képalkotó vizs-
gálat – eltérés 
(koponya- 
CT/MR)

Etiológia 2. 
EEG (interictalis, éber állapotban  
és/vagy alvásban)

Habituális roham-
forma a részle
tezett gondozás 
időszakában

Provokáló 
tényezők 
(PRO+) vagy 
megszűnésük 
(PRO–) 

Tartós kiváltó 
tényezők 
(KIV+) vagy 
megszűnésük 
(KIV–)

1 21 0,5 1,5 subependimalis 
heterotopia

jobb temporalis meglassulás komplex parciális PRO– KIV–

2 30 0,2 2,75 negatívak negatív komplex parciális PRO– KIV–

3 34 0,25 2,5 negatívak bal temporalis meredekhullám- 
fókusz

komplex parciális – KIV–

4 40 1–2* 6,5 negatívak generalizált tüske- és hullámminta halmozott absence – –

5 48 0,1–0,2** 42 → 0,5 negatívak változó oldaliságú temporalis,  
illetve generalizált meredekhullám- 
mintázat

generalizált konvul-
zió

– KIV+

6 32 1–3 10 negatívak jobb oldali, később változó  
oldaliságú temporalis meredek- 
hullám-csoportok

generalizált 
konvulzió / egyszerű 
parciális

– –

7 23 3–5 7 → 1 negatívak negatív generalizált 
konvulzió

PRO+ KIV+

* Rohamgátló gyógyszer nélkül   ** Komplex parciális rohamok   → Az utolsó roham óta
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szorosabb követésére és szükség szerinti befolyásolására 
gondolok. 1. Ha tudjuk, hogy az egészséges agy is pro­
dukálhat epilepsziás rohamot, 2. és azt is tudjuk, hogy 
nem epilepsziás betegeken, alkati és/vagy genetikai adott­
ságok mellett alkalmi provokált epilepsziás jelenségek 
léphetnek fel, akkor vajon kellő ismerettel rendelkezünk 
magáról a fiziológiás védekező rendszerről, illetve az ezt 
„rongáló” rohamprovokáló tényezőkről? Feltérképeztük-e 
az utóbbiak kevésbé közismert formáit, interakcióit? Le­
het-e mérni ezeknek a hatásoknak a biológiai erősségét és 
„epileptogenitását”? 

A kiváltó/provokáló tényezők fokozott  
jelentősége FR esetén
Ezt a felvetést egy „szélsőséges” kérdés formájában lehet 
a legegyszerűbben összefoglalni: Létezik-e biológiai ér­
telemben nem provokált (azaz valóban spontán fellépő) 
epilepsziás roham?16 

Az FR-en belül viszonylag kevés kutatás szól a pro­
vokáló tényezők befolyásoló szerepéről. Az epilepsziák 
kimenetelére vonatkozó nagypopulációs követéses vizs­
gálatokban a szerzőknek alig van lehetőségük a provokáló 
tényezők lehetséges befolyását értékelni, mivel az adat­
bázisokban csak kivételesen szerepelnek erre vonatkozó 
kvantitatív adatok. Szembetűnő, hogy ezek esetleges ér­
demi „folyamatmódosító” szerepét még általánosságban 
sem vetik fel. A jelenlegi nómenklatúrában, amennyiben 
a betegnek ismételten provokált epilepsziás rohamai lép­
nek fel, „pszeudofarmakorezisztenciáról” beszélünk. A 
kategórián belül részesedését 23%-osnak találták17. Az FR 
mellett fellépő provokált rohamok átmenetileg felboríthat­
ják a tartós, bár nem tünetmentes egyensúlyi állapotot18. A 
prolongált stresszhatások rohamprovokáló szerepét több 
vizsgálat is megerősítette19–21, ez az első számú pszichogén 
rohamtrigger22. A krónikus szorongásos és kedélyzavarok, 
a vegetatív szabályozásra gyakorolt hatásuk révén szintén 
roham-elősegítő hatásúak23. Számos általános és specifikus 
tényezőt találtak, amelyek a beteg amúgy sem teljesen 
nyugodt biológiai környezetében „vihart keltenek”24. Az 
említett közlemények értékes adatait azonban a szerzők 
többnyire úgy értelmezik, hogy a rohamprovokáló hatások 
következtében az FR klinikai szintje inog meg, és a hatás 
megszűn(tet)ésével a korábbi egyensúlyi állapot vissza­
állása várható. Ezzel némiképp ellentétben, véleményem 
szerint az FR önmagában is képlékeny klinikai kategória, 
amennyiben erőteljes rohamgátlás és az életvitelben az 
epileptogén hatások megszűnése mellett tartós (vagy vég­
leges?) tünetmentesség is kifejlődhet. 

A bemutatott betegeim esetében a provokáló hatások 
között a szorongás volt a leggyakoribb, ennek megha­
tározó szerepét mások is hangsúlyozzák25. A provokált 
rohamok formájában perzisztáló FR jelentős alcsoportja 
lehet az úgynevezett rohamfóbiás betegek köre, akik­
nél a szorongás-roham pozitív feedback mechanizmusa 

sejthető26, 27. Korábbi munkáinkban (kisebb létszámú be­
tegcsoportban) célzott követéses vizsgálattal kerestünk 
választ a fentiekre. Kimutattuk, hogy nem rohammentes 
epilepsziás betegeink 34%-ánál a habituális rohamok több­
ségében egy vagy több kiváltó ok tisztázható, a betegek 
5,5%-ánál pedig egyetlen „spontán” roham sem lépett 
fel28. Az eredményekből azt a következtetést vontuk le, 
hogy a rohamprovokáló tényezők feltárásában és a ta­
pasztalatok terápiás hasznosításában méltatlanul kevés 
vizsgálat történt. Véleményem szerint addig is, amíg a 
tudományos evidenciák megszületnek, a betegek külső és 
belső környezetének szerepét az epilepszia kórfolyama­
tának alakulásában a szakmai irányelvekben29 is érdemes 
lenne jobban hangsúlyozni. 

Az alkalmi/provokált epilepsziás rohamok döntő több­
sége, jellemző formája a generalizált tónusos-clonusos 
(nagy)roham. A bemutatott betegeknél azonban a kiváltó 
tényezők a páciens habituális, azaz sok esetben fokális 
rohamát is aktiválhatták. Az eltérés kórélettani magyará­
zatára célzott kutatások szükségesek. 

Következtetések, megfontolások
Esetismertetéseimmel az FR epilepsziás betegekre vonat­
kozó jelenlegi klinikai standardok egyes bizonytalansá­
gaira szerettem volna felhívni a figyelmet: 1. A szervezet 
általános és az epilepsziás kórfolyamat speciális plasztici­
tása következtében a rezisztens betegek több évtizedes kö­
vetése során spontán „gyógyulási tendencia” is előfordul 
(azaz olyan hosszú tünetmentes időszak, ami már megfelel 
a gyógyulás jelenleg hivatalosan előírt intervallumának). 
2. Ugyanakkor a hosszú távú gondozás során megfigyelt, 
több vagy sok év után is visszatérni képes rohamok30 
arra hívják fel a figyelmet, hogy a rohamkockázat a már 
klinikailag inaktív(nak látszó) szakban is magasabb ma­
rad, akár még fenntartott rohamgátló kezelés mellett is2. 
3. A betegek döntő többségénél aktuális vagy a tartósabb 
megelőző életkörülményekkel kapcsolatos, sokszor kom­
binált lelki és/vagy fizikai, esetleg biológiai rohampro­
vokáló, illetve -kiváltó tényezők tisztázhatók. Javulás 
esetén ezek csökkenését vagy megszűnését, rohamreci­
díva jelentkezésekor pedig újrafellépésüket lehetett meg­
figyelni. 4. A tág intervallumokkal jelentkező provokált 
epilepsziás rohamok esetében a páciensek egészségügyi 
„státuszát” újra kell gondolni: valóban FR epilepsziáról, 
vagy recidív alkalmi epilepsziás rohamokról van-e szó? 
Ennek tükrében lehetne megújítani a rohamgátló kezelés 
fenntartásának ajánlásait és az állapothoz tartozó munka­
egészségügyi alkalmazási kérdéseket egyaránt. 5. Részle­
tes további adatokat szolgáltathatnának az akut provokáló/
kiváltó, illetve a tartósabban jelen lévő, feltehetően kumu­
láció útján epileptogénné váló roham-elősegítő tényezők 
részletesebb vizsgálatai és közömbösítési lehetőségeik 
kutatása. Az epilepszia mellett fennálló szorongásos za­
varok vonatkozásában ez már másokban is felmerült31, 32. 
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A bemutatott betegtörténetek többségében a rohamstátusz 
alakulása életeseményekhez, élethelyzet-változásokhoz 
kapcsolódik. Az ezekkel való megküzdés szakmai eszkö­
zei neuropszichiátriai természetűek. 

6. A betegekkel szerzett anekdotikus tapasztalatok azt a 
munkahipotézist erősítik, amely szerint az epilepszia alaku­
lását a rohamellenes kezelések mellett a klinikai képet meg­
határozó roham-elősegítő, -provokáló, -kiváltó körülmények 
eddigieknél részletesebb, célzottabb elemzése is jelentősen 
befolyásolhatja (és nem csak nagyrohamok esetében).

Tisztában vagyok azzal, hogy a bemutatott néhány FR 
páciens „története” statisztikai értelemben bőven bele­
férhet a „kivételek” közé. (Az FR legsúlyosabb ismert 
szindrómáiban a javulás esélye nyilvánvalóan minimális, 
és a sokéves tünetmentességet követő rohamrecidíva is 
inkább ritkaság.) Azonban ne felejtsük el, hogy minden 
betegünket testreszabottan, egyedileg szükséges vélemé­
nyezni és ellátni. Továbbá számolni kell azzal is, hogy 
a szakmai irányelvek egyike-másika idővel dogmává 
válhat. 
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PÁLYÁZATI FELHÍVÁS
35 ÉV ALATTI SZERZŐK SZÁMÁRA

Az Ideggyógyászati Szemle (ISZ) szerkesztősége és kiadója 2025-ben pályázatot 
hirdet a legjobb fiatal szerzők által írt magyar nyelvű közleményekre; a díja(ka)t

az ISZ szerkesztősége ítéli oda. 
A pályázaton 2025. január és december között  
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Introduction – Cardiac myxomas are the 
most common cardiac tumors that can 
present with a spectrum of clinical manifes-
tations. They are an uncommon cause of 
cerebral stroke, and simultaneous involve-
ment of the aorto-iliac vessels is extremely 
rare with 8 cases reported in the literature 
over the past 10 years. We provide a pictorial 
illustration of the radiological, surgical, and 
histopathological findings, which differenti-
ates our case from others in the literature.
Case presentation – A 41-year-old female 
was admitted with right side weakness and 
aphasia (NIHSS score of 15). CT and CT-angi-
ography revealed hyperacute brain ischemia 
with occlusion of left M1-segment of Middle-
Cerebral-Artery. The patient was shifted to 
a thrombectomy-capable center, where the 
left femoral pulse was found to be absence 
and the right femoral artery had weak pulsa-

Mechanikus thrombectomia akut 
ischaemiás stroke esetén egyidejű 
aortoiliacalis okklúzióval cardialis 
myxoma elmozdulása miatt – Esetismer-
tetés a szakirodalom áttekintésével
Lazovic L, MD; Bosnjakovic P, MD; Abousedu 
YAI, MD; Khedr D, MD; Alsarraf L, MD; Savic 
D, MD; Al Murshed M, MD; Elkholy DH, MD; 
Hanbal I, MD; Hamden G, MD

Bevezetés – A cardialis myxoma a leggya-
koribb cardialis tumor, ami a klinikai mani-
fesztációk széles skálájával jelentkezhet. A 
cerebralis stroke hátterében ritkán cardialis 
myxoma áll, és rendkívül ritkán egyidejűleg 
az aortoiliacalis erek is érintettek: a szakiro-
dalomban az elmúlt 10 évben nyolc esetről 
számoltak be. Képes illusztrációt nyújtunk 
egy cardialis myxoma eset radiológiai, műtéti 
és szövettani leleteiről, ami megkülönbözteti 
esetünket az irodalomban található többi 
esettől.
Az eset bemutatása – A 41 éves nőbe- 
teg jobb oldali gyengeséggel és afáziával 
(NIHSS 15-ös pontszám) került felvételre.  
A CT és a CT-angiográfia hiperakut cerebralis 
ischaemiát mutatott ki a középső agyi artéria 
(MCA) bal M1-szegmensének elzáródásá-
val. A beteget thrombectomia elvégzésére 
képes centrumba szállították, ahol a beteget 
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Cardiac myxomas are the most common primary car-
diac tumors in adults. They are benign, slow growing 

tumors that rarely metastasize and invade into the myocar-
dium1. It is mostly located in the left atrium and can ex-
hibit a classic triad of clinical presentation, which includes 
obstructive cardiac signs, embolization and constitutional 
or systemic signs2. More than 50% of embolizations that 
occur in cardiac myxoma present with neurological man-
ifestations due to cerebral ischemia2. 

To date, there have been 40 reported cases of cardiac 
myxoma associated with acute ischemic stroke (CM-AIS) 
from 2013 to 2023 in the literature that were managed 
by mechanical thrombectomy with or without intra- 
venous thrombolysis3–31. However, the occurrence of 
CM-AIS with simultaneous acute lower limb ischemia 
due to aorto-iliac thromboembolic occlusion (with or 
without femoral and/or popliteal involvement) is ex-
ceedingly rare with only 8 reported cases over the last 
10 years4, 12, 14, 22, 30–33 (Table 1). Here we present a 9th 
rare case of a 41-year old female with CM-AIS that was 
treated with endovascular mechanical thrombectomy, in 

addition to concurrent bilateral aorto-iliac-femoro-popli-
teal occlusion that was managed by surgical thrombo-em-
bolectomy with full clinical recovery.

Case presentation
A 41-years-old female patient was admitted to the primary 
hospital with right side weakness and aphasia (National 
Institutes of Health Stroke Scale/NIHSS score of 15). A 
plain computed tomography (CT) and CT angiography 
(CTA) were done in the primary hospital revealing hy-
peracute brain ischemia with acute occlusion of the left 
M1 segment of the middle cerebral artery (MCA) with an 
Alberta score program early CT score (ASPECTS) of 7. 
The patient received tissue plasminogen activator (tPA) 
and was shifted to Ibn Sina Hospital, the only thrombec-
tomy-capable center in the country. The patient under-
went general anesthesia and during femoral puncture, we 
noticed absence of the left femoral pulse and very weak 
femoral pulsations on the right side. A right femoral punc-
ture was done using the Seldinger technique, and an 8F 

tions. Mechanical thrombectomy of left MCA 
was done. Angiography showed occlusions 
of the distal abdominal aorta, the bilateral 
common iliac arteries, the left external iliac 
artery and the left common femoral artery. 
Surgical embolectomy of peripheral vessels 
was done. Pathohistology of clots taken out 
from the cerebral as well as peripheral ves-
sels revealed cardiac myxoma. Patient had 
complete recovery of the stroke as well as 
the lower limb ischemia.
Conclusion – Atrial myxoma is a rare cause 
of cerebral stroke requiring a thorough 
investigation to reach a diagnosis. Mechani-
cal thrombectomy is a safe and effective 
method for treatment of such strokes. 
Important to emphasize the need for a 
multi-disciplinary team in the management 
of distal embolization in these cases. Data in 
the literature with regards to its treatment is 
limited. 

Keywords: atrial myxoma, cerebral  
stroke, mechanical thrombectomy, vascular 
disease

megvizsgálva a bal femoralis artéria pulzusa 
hiányzott, a jobb femoralis artéria pulzusa 
pedig gyenge volt. A bal MCA mechanikus 
thrombectomiáját elvégezték. Az angiográfia 
a distalis aorta abdominalis, a kétoldali 
arteria iliaca communis, a bal arteria iliaca 
externa és a bal arteria femoralis communis 
elzáródását mutatta ki. A perifériás erek 
sebészi embolectomiáját elvégezték. Az 
agyi és a perifériás erekből kivett vérrögök 
patohisztológiája cardialis myxomát muta-
tott ki. A beteg a stroke és az alsó végtagi 
ischaemia után teljesen felépült.
Következtetés – A pitvari myxoma az agyi 
stroke ritka oka, ami a diagnózis felállítása 
érdekében alapos kivizsgálást igényel. A 
mechanikus thrombectomia biztonságos és 
hatékony módszer az ilyen stroke kezelésére. 
Fontos hangsúlyozni ezekben az esetekben 
a multidiszciplináris csapat szükségességét a 
distalis embolizáció kezelésében. A myxoma 
kezelésével kapcsolatos irodalmi adatok 
korlátozottak. 

Kulcsszavak: atrialis myxoma, cerebralis 
stroke, mechanikus thrombectomia, érbe-
tegség



	 Ideggyogy Sz 2025;78(5–6):199–206.	201

sheath was placed. Selective catheterization of the left 
internal carotid artery (ICA) was done and FlowGate2 
balloon-guided 8F (Stryker Neurovascular, Fremont, CA, 
USA) was introduced within the right ICA. A distal ac-
cess catheter, CAT 6 (Stryker Neurovascular, Fremont, 
CA, USA) was introduced up to the supraclinoid ICA. 
DSA confirmed left MCA and distal M1 segment occlu-
sion (Figure 1A and C). The occlusion was passed with 
microcatheter TrevoPro 0.021 (Stryker Neurovascular, 
Fremont, CA, USA), and stent Trevo 6x37 mm (Stryker 
Neurovascular, Fremont, CA, USA) was deployed. After 
two passes, recanalization of the MCA was achieved, and 
follow up Digital Subtraction Angiography (DSA) re-
vealed modified thrombolysis in cerebral infarction (mTI-
CI) 3 recanalisation (Figure 1B and D). Thrombectomy 
was achieved 5 hours and 30 minutes after stroke onset. 
The retrieved clot had a “gelatinous” appearance (Figure 
2B). DSA of the abdominal aorta revealed occlusion of the 
distal abdominal aorta, bilateral common iliac arteries, left 
external iliac artery and left common femoral artery. CTA 

of the abdominal aorta and peripheral vessels was done 
which showed occlusion of the abdominal aorta, bilateral 
common iliac arteries, external iliac artery and common 
femoral arteries on the left side (Figure 3A). Occlusion of 
bilateral popliteal arteries was identified as well, with poor 
opacification of below-the-knee arteries (Figure 3B and 
C). After consultation with the vascular surgeon, decision 
to perform surgical embolectomy of the peripheral vessels 
was made. Arteriotomy of the abdominal aorta, bilateral 
iliac arteries, bilateral femoral arteries and superficial fem-
oral artery were done one and a half hours post-thrombec-
tomy (7 hours and 15 minutes post-stroke onset).

Material that was taken from the peripheral vessels 
had similar consistency and appearance to the one tak-
en from the head (Figure 2A). Follow up brain CT and 
CTA showed successful reperfusion of the brain (Figure 
4). Patient showed significant neurological improvement 
24 hours later, and NIHSS score dropped to 4. Follow 
up of the abdominal aorta and lower extremity arteries 
revealed complete recanalization without any residual ste-

Table 1. Summary of cardiac myxoma-acute ischemic stroke cases with simultaenous aorto-iliac thrombo-embolic 
occlusion

Study Age/
sex

Risk  
fac-
tors

Cerebral stroke  Management of 
concurrent  
aortoiliac  
occlusion

Overall outcome

Initial 
NIHSS

Throm-
bolysis
/out-
come

Mechanical t/hrombec-
tomy (MT)

Sur-
vived?

mRS at 
follow-
upOcclusion site TICI 

Score

Garcia-Pta-
cek, 20144 

45/
NA

No 22 Yes/
worse

Left M1 0 Endovascular em-
bolectomy

Yes 4

Muhammad 
Amin, 201332 

21/F NA NA NA Vertebral/
basilar arter-
ies

MT not 
done

Surgical thrombec-
tomy 

Yes 1

Habbab, 
201433 

52/F Yes NA Yes/no 
response

Right ICA 
bifurcation

MT not 
done

Surgical embolec-
tomy and bypass 
surgery

Yes 4

McGowan, 
201612 

21/F No 12 No Left M1, basi-
lar artery

3 Endovascular 
thrombectomy

Yes 0

Zapata-Arri-
aza, 201714 

17/M Yes 32 Yes/no 
response

Right ICA, 
right M1, left 
M1-M2

3 Surgical thrombo-
endarterectomy

No 6

Silva, 201831 21/F No NA No Left MCA and 
mid-basilar 
artery

NA Endovascular 
thrombo-embolec-
tomy

Yes NA

Coffee, 
202022

12/F Yes NA No Left M1 3 Endovascular 
thrombo-embolec-
tomy

Yes 3

Li, Y, 202130 21/F No 19 Yes/no 
response

Left terminal 
ICA and MCA

NA Surgical thrombo-
embolectomy

Yes 4

Present case 41/F ? 15 Yes/no 
response

Left M1 3 Surgical thrombo-
embolectomy

Yes 0
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no-occlusive lesion (Figure 5). Patient was 
completely symptom free. Echocardiogra-
phy was done and revealed a mass inside 
the left atrium protruding to the left ventri-
cle. Histopathological analysis of the clots 
from the cerebral blood vessels as well as 
from the peripheral arteries showed typical 
heart myxoma (Figure 6). The patient was 
followed up by cardiology and cardiotho-
racic surgeon for management of the cardiac 
myxoma.

Discussion
The incidence of cardiac myxoma is esti-
mated to be approximately 0.5-1 cases per 
1,000,000 individuals per year, with a gen-
der predilection towards females at a ratio 
of 3:1 and an age range between 30 and 70 
years old2. Clinical manifestations of cardiac 
myxomas can range from no symptoms to 
systemic embolization, hemodynamic insta-
bility secondary to intracardiac obstruction, 
and constitutional features such as low-
grade fever, loss of appetite, fatigue, and 
weight loss due to cytokine release2. 

Embolic phenomenon is observed in up 
to 50% of cardiac myxoma patients, and at 
least 50% of these events involve the ce-
rebral vessels given the high prevalence 
of these tumors arising from the left side 
of the heart. This can manifest as ischemic 
stroke, seizures, neurological deficits, and 
intracranial aneurysms34. Involvement of 
the abdominal aorta and lower extremity 
vessels that presents as sudden onset lower 
limb ischemia is uncommon but has been 
reported in several cases2, 4, 12, 14, 22, 30, 35, 36. 
However, simultaneous involvement of 
the cerebral and aorto-iliac vessels (with or 
without femoral and/or popliteal vessels) is 
exceedingly rare with only 9 reported cases 
over the past 10 years, including our present 
case4, 12, 14, 22, 30–33 (Table 1).

After an extensive review of the literature 
of the past 10 years, a total of 40 cases of 
CM-AIS were found that were managed by 
mechanical thrombectomy with or without 
thrombolysis (3-30,31). Of all 40 cases, 18/40 cases had 
isolated M1 occlusion, 7/40 cases had isolated M2 occlu-
sion, and 15/40 cases had simultaneous vessel occlusion in-
volving two or more of the following arteries: ICA/internal 
carotid artery, MCA/middle cerebral artery, ACA/anterior 
cerebral artery, Basilar, Vertebral, PCA/ posterior cere-
bral artery, and Pcomm/ posterior communicating artery.

To date, there has been no consensus on what the main 
treatment option for CM-AIS is. The use of intravenous 
thrombolysis and mechanical thrombectomy in these 
patients are based solely on previously published case 
reports, with no reliable evidence on its utilization. All 
patients in the reported cohort, who received intravenous 
thrombolysis, including our case, had no clinical response 

Figure 1. Digital subtraction angiography (DSA): A. and C. occlusion 
of left MCA; B. and D. follow up DSA post thrombectomy 

A

C

B

D

Figure 2. A. Mixed material from the peripheral vessels; B. “jelly” clot 
from left MCA

A B
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post-thrombolysis. Furthermore, all these patients later 
underwent mechanical thrombectomy, and approximately 
70% of them showed improvement in clinical outcome 
with a documented mRS/Modified Rankin Scale score 

ranging between 0-23. However, other re-
ports on the use of intravenous thrombolysis 
appears to have demonstrated a favorable 
functional outcome, although risk of hem-
orrhage is increased and occurred in 10/35 
cases37, 38. In one case of CM-AIS with failed 
clinical response that was initially treated 
with intravenous thrombolysis, patient de-
veloped intra-cranial hemorrhage and later 
died from several systemic complications14. 
We hypothesize that the nature of the clot 
and its heterogeneity in CM-AIS patients 
may explain the differences in the effective-
ness of both treatment modalities. 

A closer analysis of the endovascular 
methods used in all 40 cases who under-
went mechanical thrombectomy, 35 stent 
retrievers (SR) (4 failed), 14 direct aspira-
tions (DA) (3 failed) and 1 with a combina-
tion of SR and DA of the involved vessels 
were performed, with successful recanal-
ization of 30/56 vessels being achieved 
after a single pass and 44/56 vessels with 
1st device. In-line with the aforementioned 
case reports, our experience demonstrated 
that endovascular mechanical thrombecto-
my with SR appears to be a safe and ef-
fective modality for rapid recanalization 
of large vessel occlusions secondary to 
cardiac myxoma with favorable function-
al outcomes in 24/40 cases. In addition, it 
provides relevant information on stroke eti-
ology via gross and pathological evaluation 
of the retrieved clot. 

The management of the rare concurrent 
distal aorto-iliac and lower extremity ves-
sel occlusions includes endovascular and/
or surgical approaches, depending on the 
type and extent of the involved vessel and 
the availability of equipment. Endovascu-
lar catheter embolectomies can be initial-
ly attempted with surgical embolectomies 
reserved if endovascular methods fail39. 
Successful embolectomies and recanali-
zation of aorto-iliac and lower extremity 
blood vessels were achieved endovascular-
ly in 5/9 cases, and surgically in 4/9 cases  
(Table 1). 

Histopathological assessment of the re-
trieved embolus in our case played a crucial 
role in the identification of its nature that led 

to the use of transthoracic echocardiography which uncov-
ered the cardiac myxoma. All reported cases documented 
the gross appearance of the embolus as being ‘gelatinous’ 
or ‘fatty’ in nature. Hence, whenever such appearance of 

Figure 3. CT angiography (CTA) of the peripheral vessels: A. occlusion of 
the abdominal aorta, bilateral common iliac arteries and external iliac 
arteries; B. left common femoral artery occlusion as well as superficial 
femoral artery and popliteal artery; C. right popliteal artery occlusion

A B C

Figure 4. NCCT and CTA of the brain: Follow up after 24 hours A. and 
B. Acute ischemic lesion of left insula and nucleus caudatus; C and D  
complete recanalization of left MCA

A

C

B

D
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the retrieved clot is observed, as in our case, 
we highly advocate for histopathological 
evaluation of the mass post-thrombecto-
my as it will provide a definitive diagno-
sis to the primary source of the embolus, 
thereby facilitating early intervention and 
diminishing patient morbidity and mortal-
ity. If determined that the cause of cerebral 
ischemia is a cardiac myxoma, then highly 
recommended the surgical resection of the 
tumor as soon as possible to prevent further 
distal embolization40.

Conclusion
Cardiac myxoma is a rare cause of cerebral 
stroke, and data on its treatment is scarce. 
Emphasis on the importance of a multidis-
ciplinary team in the management of distal 
embolization is crucial. Based on our ex-
tensive literature review and the outcomes 
of this present case, we aim to provide 
insight into the use of mechanical throm-
bectomy as a safe and effective modality 
for rapid recanalization of large vessel 
occlusions secondary to cardiac myxoma 
and its exceptional outcomes in these pa-
tient cohorts. Moreover, clot retrieved with 
mechanical thrombectomy may serve as a 
diagnostic possibility for the etiology of the 
stroke due to different consistency of the 
retrieved clot. 
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Introduction – Allgrove syndrome or 
triple A (3A) syndrome is a multisystem 
disorder classically defined as the triad of 
esophageal achalasia, alacrimia and adrenal 
insufficiency due to adrenocorticotropic 
hormone insensitivity. Approximately one 
third of patients experience neurological 
dysfunction, including peripheral and 
autonomic nervous system dysfunction, 
leading some authors to use the term 4A 
syndrome (achalasia, alacrimia, adrenal 
insufficiency and autonomic abnormalities). 
Since its first description in 1978, knowledge 
of its clinical and genetic features has 
increased; however, the current literature is 
limited to case reports and case reviews.
Methods – A 20-year-old male patient was 
admitted to the clinic with the following 
complaints: difficulty in walking, tingling 
sensation in the feet and weakness of 
1.5 years’ duration. He had undergone 
endoscopy and balloon dilatation surgery 2 
years previously. 
Results – We performed whole exome analy-
sis on the patient and detected the c464G>A  
p.(Arg155His) variant in the AAAS gene in  
homozygous form. It was interpreted as ‘pa- 
thogenic’ according to the ACMG 2015 criteria: 
homozygous pathogenic variants in this gene 
correspond to the phenotype ‘Achalasia-
Addisonism-Alacrimia’ (OMIM:231550).
Conclusion – We present this case to 
draw attention to the fact that patients may 
present with late-onset neurological findings 
without the classic Allgrove syndrome triad.

Keywords: Triple A syndrome, Allgrove 
syndrome, achalasia, neuropathy

Tripla A szindróma neurológiai leletekkel; 
c464G>A mutáció az AAAS génben
Boz PB, MD; Koç AF, MD; Bereketoğlu MB, MD

Bevezetés – Az Allgrove-szindróma vagy 
tripla A (3A) szindróma egy multiszisztémás 
rendellenesség, amit klasszikusan oesopha- 
gealis achalasia, alacrimia és adrenokortiko-
trop hormon inszenzitivitás miatti mellékvese-
kéreg-elégtelenség hármasaként határoznak 
meg. A betegek körülbelül egyharmadánál 
jelentkezik neurológiai diszfunkció, beleértve a 
perifériás és autonóm idegrendszeri diszfunk-
ciót is, ami miatt egyes szerzők a 4A-szindróma 
(achalasia, alacrimia, mellékvesekéreg-elégte-
lenség és autonóm rendellenességek) kifeje-
zést használják. A kórkép 1978-as első leírása 
óta egyre több ismeret áll rendelkezésre 
klinikai és genetikai jellemzőiről; mindazonáltal 
jelenleg a szakirodalom esetismertetésekre és 
esetismertetések áttekintéseire korlátozódik.
Módszerek – Egy 20 éves férfi beteg került a 
klinikára a következő panaszokkal: járási nehéz-
ség, bizsergő érzés a lábakban és 1,5 éve tartó 
gyengeség. Két évvel korábban endoszkópián 
és ballonos tágító műtéten esett át. 
Eredmények – A betegnél teljesexom-
analízist végeztünk, és az AAAS génben a 
c464G>A p.(Arg155His) variánst mutattuk ki 
homozigóta formában. Ezt az ACMG 2015-ös 
kritériumai szerint „patogénként” értelmez-
tük: a gén homozigóta patogén variánsai 
megfelelnek az „achalasia-addisonismus-
alacrimia” fenotípusnak (OMIM:231550).
Következtetés – Azért mutatjuk be ezt az 
esetet, hogy felhívjuk a figyelmet: a 3A-be-
tegek késői kezdetű neurológiai tünetekkel 
jelentkezhetnek a klasszikus Allgrove-
szindróma-triász nélkül is.

Kulcsszavak: tripla A szindróma, Allgrove-
szindróma, achalasia, neuropathia
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Triple A syndrome (Allgrove syndrome) is a rare au-
tosomal recessive multiorgan dysfunction character-

ized by alacrimia, achalasia (the absence of esophageal 
muscle peristalsis and lower sphincter relaxation) and 
adrenocorticotropic hormone (ACTH) resistant adrenal 
insufficiency1. It has an estimated prevalence of 1 in 1 
million people, although it has been suggested that it is 
severely under-reported due to missed diagnosis2. 3A 
syndrome occurs with mutations of the AAAS (achala-
sia-addisonism-alacrimia syndrome) gene on chromo-
some locus 12q133. The AAAS gene encodes a 546 amino 
acid polypeptide known as ALADIN, which is involved 
in signal transduction, RNA processing and transcription 
and nuclear pore complex targeting4. Patients with 3A 
have a variety of homozygous or compound heterozy-
gous mutations, often resulting in a truncated protein.

While the complete triad is present in about 70% of 
patients, dysfunction of the neurological system, includ-
ing the peripheral and autonomic nervous systems, is also 
seen in about one third of patients, leading some authors 
to use the term 4A syndrome (achalasia, alacrimia, adre-
nal insufficiency and autonomic abnormalities)5–7.A few 
cases of Allgrove syndrome with motor neuron disease 
have been described8. Table 1 summarizes the clinical 
findings of 3A syndrome.

This paper reports a 20-year-old man admitted to the 
clinic with complaints of walking difficulties, numbness 
in hands and feet and diagnosed with 3A syndrome. Writ-
ten informed consent was obtained from the patient for 
publication of the details of his medical case.

Case
A 20-year-old male patient was admitted to the outpa-
tient clinic with complaints of difficulty in walking, 
tingling sensation in the feet and weakness for the past 
1.5 years. His medical history revealed that he had leg 
pain since childhood, was unable to walk on his toes, had 
poor balance since the age of 11-12, blurred vision in his 
left eye for two years, and difficulty swallowing for 1.5 
years. It was reported that he had undergone endosco-
py and balloon dilatation surgery 2 years previously for 
vomiting and coughing caused by aspiration, and that his 
complaints did not improved. It was reported that he still 
drank large amounts of water to swallow food, could not 
lie on his back and was constantly aspirated.

The family history was unremarkable. Pes cavus was 
present on physical examination. On neurological exam-
ination, strength testing revealed 4/5 for eversion and -4/5 
for great toe extension using the Oxford scale of muscle 
testing (Medical Research Council manual muscle test-
ing scale). Other muscle forces were normal. In addition, 
neurological examination revealed tongue fasciculation 
and atrophy, thenar, hypothenar and peroneal atrophy. 

Bilateral Achilles reflexes were hypoactive, other deep 
tendon reflexes were bilaterally increased, bilateral ab-
dominal skin reflexes were absent in the upper quadrants, 
and bilateral Hoffmann and Tromner reflexes were posi-
tive. A mild spastic gait was noted. There were no patho-
logical findings in the ophthalmological examination. IQ 
was dull normal. The etiology was evaluated regarding 
possible motor neuron and metabolic diseases, especial-
ly Brown-Van Laere/Fazio-Londe syndromes. Routine 
biochemical tests, ECG (electrocardiogram), chest x-ray 
and audiological test were within normal limits. Meta-
bolic screening (lactate/pyruvate, blood and urine organ-
ic acids) showed no pathological findings. There was no 
evidence of leukodystrophy and/or brain involvement on 
magnetic resonance imaging (MRI). Spinal MRI showed 
thoracic cord atrophy. On esophagography, the esopha-
gus was markedly dilated at all levels, distended and tor-
tuous in the distal part. In contrast to the enhanced CT of 
the chest, upper and lower abdomen, the esophagus in the 
posterior mediastinum was filled with dense food content 
and dilated (5 cm at its widest point). Bilateral lung paren-
chyma was normal. On ENG (electroneurography), me-
dian, ulnar and sural sensory action potentials could not 
be obtained, bilateral median and ulnar motor conduction 
velocities were low, and deep peroneal nerves could not 
be stimulated bilaterally. The findings were consistent 
with sensorimotor neuropathy. Complete blood count, 
biochemical panel and serological tests were normal. 
Serum cortisol and adrenocorticotrophic hormone levels 
were normal. We performed whole exome analysis and 
detected the homozygous c464G>A p.(Arg155His) vari-
ant in the AAAS gene. It was interpreted as “pathogenic” 
according to the ACMG 2015 criteria, as homozygous 
and compound heterozygous pathogenic variants in this 
gene correspond to the autosomal recessive phenotype 
“Achalasia-Addisonism-Alacrimia” (OMIM:231550)9. It 
was concluded that this finding could explain the pa-
tient’s symptoms. 

Discussion
AS is a rare inherited disease that is usually diagnosed 
in early childhood. Unfortunately, as with all rare diseas-
es, the time to diagnosis is prolonged, and the average 
time to diagnosis is 8 to 9 years. Although our patient had 
neurologic and gastrointestinal findings of dysphagia, re-
gurgitation and gait abnormalities, and the dysphagia had 
been diagnosed to be due to lower esophageal stenosis 
and the patient had undergone esophageal balloon dilata-
tion, the lack of awareness has prolonged the symptomat-
ic treatment process due to missed diagnosis.

The first symptom of the syndrome is alacrimia, 
which is thought to be a sign of autonomic dysfunction 
that manifests itself from birth10–12. However, our patient 
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didn’t have this symptom and his ophthalmological tests 
were normal.

Achalasia is the second most common finding in tri-
ple A syndrome. Symptoms of achalasia often include 
dysphagia, regurgitation, weight loss and/or failure to 
thrive13. Treatment options include calcium channel 
blockers, balloon dilatation, botulinum toxin injection, or 
surgery13, 14. Balloon dilatation was also performed in our 
patient.

Adrenal insufficiency affects up to 85% of patients with 
3A syndrome and presents in the first or second decade of 
life15. However, in some patients with triple A syndrome, 
adrenal dysfunction may be mild or absent during the first 
two decades of life16. In our case, serum cortisol and adre-
nocorticotrophic hormone levels were normal.

Very few patients with AS have been reported in the 
literature, and as in our case, the number of cases with ex-
tensive neurological examination findings is small17, 18. 
Red flags for this disease are upper gastrointestinal 

findings, very extensive neurological symptoms such 
as sensorimotor neuropathy, mental retardation, par-
kinsonism, optic atrophy, amyotrophy, ataxia, demen-
tia, dystonia and chorea, ocular findings, microcephaly, 
short stature, dysmorphic features, palmar and plantar 
hyperkeratosis, osteoporosis, long QT syndrome etc. 
(Table 1). Our patient was diagnosed with 3A syn-
drome based on achalasia, neurological findings, sen-
sorimotor neuropathy, esophagography and chest CT 
findings. The gold standard for diagnosis of this dis-
ease is molecular genetic studies and our preliminary 
diagnosis was confirmed by the whole exome analysis 
we performed.

This case highlights the difficulty and delay in diag-
nosis due to the absence of the characteristic triad. As 
a result, we present this patient to draw attention to the 
fact that AS, which we believe can be better recognized 
by pediatric neurologists, should also be recognized by 
adult neurologists.

Table 1. Clinical findings

Neurological:
Dysarthria/dysphonia
Decreased muscle tone
Muscle weakness
Hyperreflexia
Extensor plantar reflexes
Ataxia
Gait disturbances
Pes cavus
Parkinsonism and extrapyramidal findings
Sensorineural deafness
Microcephaly
Mental retardation
Dementia

Gastrointestinal:
Achalasia
Dysphagia
Regurgitation
Weight loss/failure to thrive
Chronic respiratory symptoms/recurrent infections

Endocrine:
Glucocorticoid deficiency
Mineralocorticoid deficiency
Osteoporosis
Short stature

Dysautonomia:
Postural hypotension
Anisocoria/abnormal pupillary reflexes
Increased/decreased sweating
Sexual dysfunction
Arrhythmia 

Dermatological:
Hyperpigmentation
Palmoplantar hyperkeratosis
Cutis anserina
Incomplete dermatoglyphs

Dysmorphic:
Narrow face
Long philtrum
Down-turned mouth

Oral-Dental:
Xerostomia
Fissured tongue
Dental caries
Edentulism, fungal infections

Ophthalmological:
Alacrimia/hypolacrimia
Optic atrophy
Anisocoria/abnormal pupillary 
reflexes
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Overlap myositis (OM) is an idiopathic 
inflammatory myopathy characterized 
by proximal muscle weakness. However, 
atypical patterns of muscle involvement 
may also occur. We present a challenging 
case of OM mimicking bilateral posterior 
interosseous nerve (PIN) palsy. The 
patient presented with a gradual onset 
of bilateral finger drop over two years. 
Despite initial clinical suspicion of PIN palsy, 
electromyography revealed myopathic 
features. Laboratory assessments showed 
anti-ribonucleoprotein antibody positivity, 
with subsequent muscle biopsies supporting 
OM associated with mixed connective tissue 
disease. This case highlights the significance 
of considering atypical presentations of OM. 
Furthermore, it emphasizes the pivotal role 
of targeted muscle biopsies when initial 
biopsy results are inconclusive. 

Keywords: overlap myositis, mixed 
connective tissue disease, muscle biopsy, 
posterior interosseous nerve palsy

Vegyes kötőszöveti betegséghez társuló 
myositis esete, ami kétoldali posterior 
interossealis idegbénulást imitál
Inan B, MD; Emet A, MD; Odabasi Z, MD

Az overlap myositis (OM) egy idiopathiás 
gyulladásos myopathia, amit proximális 
izomgyengeség jellemez. Előfordulhat 
azonban az izmok atipikus érintettsége 
is. Bemutatunk egy kihívást jelentő OM-
esetet, ami kétoldali posterior interosseus 
ideg- (PIN) bénulást imitál. A betegnél 
két éven keresztül fokozatosan kialakuló, 
kétoldali digitus pendens jelentkezett. A 
PIN-bénulás kezdeti klinikai gyanúja ellenére 
az elektromiográfia myopathiás jellegzetes-
ségeket mutatott. A laboratóriumi vizsgálatok 
anti-ribonukleoprotein antitest-pozitivitást 
mutattak, a későbbi izombiopsziák pedig 
a vegyes kötőszöveti betegséggel társuló 
OM-et támasztották alá. Ez az eset rávilágít 
az OM atipikus megjelenési formái figyelem-
bevételének jelentőségére, továbbá hangsú-
lyozza a célzott izombiopsziák kulcsfontossá-
gú szerepét abban az esetben, ha a kezdeti 
biopsziás eredmények nem egyértelműek.

Kulcsszavak: overlap myositis, kevert kö-
tőszöveti betegség, izombiopszia, posterior 
interosseous idegbénulás
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ESETISMERTETÉS

CASE REPORT

Idiopathic inflammatory myopathies are rare disorders 
that encompass polymyositis (PM), dermatomyositis 

(DM), immune-mediated necrotizing myopathy, overlap 
myositis (OM) including anti-synthetase syndrome, and 
inclusion body myositis. These conditions are generally 
characterized by symmetrical proximal muscle weakness, 
with the exception of inclusion body myositis1, 2. OM may 
present independently or in association with other disor-

ders such as rheumatoid arthritis (RA), systemic lupus 
erythematosus (SLE), or mixed connective tissue disease 
(MCTD)1. 

Case report
A 61-year-old female was admitted with bilateral finger 
drop (Figure 1A), gradually developing over two years, 
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without fluctuations, beginning in the right 
hand and progressing to the left two months 
later. She reported no pain or history of trau-
ma. Her medical history revealed RA, par-
otitis and bilateral carpal tunnel syndrome 
surgery. She was currently on azatioprine 
and hydroxychlorokine, with corticoster-
oids and methotrexate used previously. The 
family history was unremarkable. Extension 
of the second to fifth fingers at the metacar-
pophalangeal joints were grade 1 bilaterally 
according to the Medical Research Council 
(MRC) scale. Thumb extension was grade 2 
according to the MRC scale. Wrist extension 
was preserved, and the wrist was radially 
deviated when extented. Sensory examina-
tion was normal, and deep tendon reflexes 
were normoactive. 

An electromyography (EMG) was per-
formed with a presumptive diagnosis of 
bilateral posterior interosseous nerve (PIN) 
palsy. The radial nerve compound muscle 
action potential amplitudes recorded from 
the extensor indicis proprius muscle were reduced, but 
motor nerve conduction velocities were normal bilater-
ally. The median, ulnar, tibial, and peroneal motor and 
the median, ulnar, radial and sural sensory nerve conduc-
tion studies were normal. Needle EMG revealed early 
recruitment, and low amplitude, polyphasic, short dura-
tion myopathic motor unit potentials in the deltoid, biceps 
brachii, brachioradialis and extensor digitorum communis 
muscles. Examination of the lower extremities was normal 
on needle EMG. Thus, the findings indicated myopathy, 
predominantly affecting the upper extremities.

Laboratory tests revealed elevated serum rheumatoid 
factor (119.7 IU/ml, range: 0 – 14), and slightly elevated 
creatine kinase (CK) level (215 U/l, range: 26 – 192), 
positivity for antinuclear (ANA), anti-ribonucleoprotein 
(RNP)/ Smith (Sm) and anti-Sm antibodies. The myositis 
panel was negative. Muscle biopsy from the left biceps 
brachii was unrevealing. The second biopsy taken from 
the left extensor carpi radialis and extensor carpi ulnaris 
muscles revealed marked muscle fiber size variability 
ranging from 35 to 143 mm, with 8% of fibers had inter-
nal nuclei. No necrotic fibers were observed, but there was 
marked fatty infiltration. Mononuclear inflammatory cell 
infiltrates were present in the perivascular region and en-
domysial connective tissue (Figure 1B). Muscle magnetic 
resonance imaging showed fatty changes in the extensor 
digitorum muscles in the forearm (Figure 1C) and in the 
proximal part of the flexor digitorum superficialis mus-
cle. No evidence of edema or active inflammation was 
observed. The patient was diagnosed as RA in another 
hospital nine years ago. However, reconsidering the clini-

cal features and antibody profile, the diagnosis of RA was 
changed to overlap myositis associated with MCTD in our 
deparment. Methylprednisolone was initiated orally at a 
dose of 1 mg/kg/day, alongside hydroxychlorokine and 
azatioprine treatments. Despite achieving normalized CK 
levels at the two-months follow-up, there was no signifi-
cant improvement in clinical findings, likely due to the 
delay in diagnosis and treatment initiation. Consequently, 
methylprednisolone dose was tapered, and hydroxychloro-
kine treatment was replaced with mycophenolate mofetil. 

Discussion and conclusion
The PIN, being a pure motor nerve, is the terminal branch 
of the radial nerve3. The PIN palsy is characterized by 
weakness of finger extensor muscles without sensory loss3, 4. 
Several case presentations have documented rheumatoid 
synovitis of the elbow as a possible cause of PIN palsy5–7. 
Therefore, the initial clinical diagnosis in our patient, con-
sidering the weakness of finger extension with preserved 
sensation and wrist extension, along with the presence 
of RA, was a possible PIN palsy associated with rheu-
matoid synovitis. However, after EMG revealing solely 
myopathic features, we excluded the PIN palsy. 

In a minority of patients, weakness in finger and wrist 
extensors can be the initial symptom in myasthenia gravis 
(MG)8. However, in our patient, the weakness did not 
fluctuate, the clinical course progressed slowly, and wrist 
extention was preserved. Therefore, MG was deemed un-
likely. Cervical (C7) radiculopathy was also considered 
in the differential diagnosis of bilateral finger drop, but 

Figure 1. Clinical, imaging and biopsy findings of the patient. A 
Photograph of the hands of the patient showing bilateral dropped 
fingers with preserved wrist extension. B Photomicrograph of right 
extensor carpi radialis muscle biopsy showing muscle fiber size vari-
ability, marked fatty infiltration and inflammatory cell infiltration in 
endomysial connective tissue and perivascular region, hematoxylin & 
eosin stain. C T1-weighted magnetic resonance images of the forearms 
depicting fatty replacement of the extensor digitorum muscles (blue ar-
rows) in the forearm

A B
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we ruled it out because the patient exhibited no sensory 
symptoms or signs, and triceps muscle and wrist extensors 
were normal.

MCTD is a rare clinical entity characterized by a com-
bination of clinical features of SLE, scleroderma and my-
ositis. Additionally, anti-RNP antibody positivity is cru-
cial in establishing the diagnosis. The typical involvement 
pattern in overlap myositis cases associated with MCTD 
is symmetrical proximal muscle weakness, as in isolated 
PM or DM cases1, 9. Our case was challenging because of 
selective and atypical involvement of muscle groups. The 
initial muscle biopsy was inconclusive while the second 
biopsy from the clinically involved muscle group, the fin-
ger extensors, significantly contributed to the diagnosis. 
Ultimately, the diagnosis of overlap myositis associated 
with MCTD was established. Isolated distal muscle in-
volvement in PM or DM has been reported in a few cases, 
with muscle biopsies taken from proximal or clinically 
unaffected muscles being nondiagnostic10, 11, similar to our 
patient. A case of a focal myopathy mimicking a unilateral 
PIN palsy was also reported, eventually diagnosed with a 
targeted muscle biopsy from the affected muscle4.

In conclusion, while symmetrical proximal muscle 
weakness is typical in overlap myositis, atypical pres-
entations may occur. Targeted muscle biopsy is essential 
for accurate diagnosis when faced with unusual clinical 
manifestations.
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Isaacs’ syndrome is an immune-mediated 
primary peripheral nerve hyperexcitability 
syndrome characterized by muscle 
twitches, cramps, and muscle stiffness. 
In 30-50% of cases, antibodies against 
voltage-gated potassium channel (VGKC) 
complex proteins are present. Symptomatic 
treatment, intravenous immunoglobulin 
(IVIg), plasma exchange (PE), and intravenous 
methylprednisolone (IVMP) are generally 
effective in controlling symptoms. However, 
some cases remain treatment-refractory. We 
present a 52-year-old female patient with 
walking difficulty, fasciculations, and severe 
back and hip pain. The patient was positive 
for anti-VGKC antibodies with a history of 
thymoma. Symptomatic treatment, high-
dose IVMP, IVIg and PE treatments improved 
the patient’s gait partially but failed to control 
the pain and fasciculations. Eventually, we 
treated the patient with rituximab (RTX), 
because of its effect on antibody-mediated 
autoimmunity, resulting in complete 
symptomatic relief without side effects. RTX 
is a safe and effective option for controlling 
symptoms in treatment-refractory cases with 
Isaacs’ syndrome. 

Keywords: Isaacs’ syndrome, 
neuromyotonia, rituximab, myokymia, pain

Esetismertetés: Isaacs-szindróma, 
rituximabra reagáló, egyéb kezelésre 
rezisztens fájdalommal
Inan B, MD; Duzgun U, MD; Kilic SM, MD; 
Karadas O, MD; Odabasi Z, MD

Az Isaacs-szindróma egy immunmediált, 
primer perifériás idegi túlérzékenységi 
szindróma, amelyet izomrángások, gör-
csök és izommerevség jellemez. Az esetek 
30–50%-ában a feszültségkapcsolt kálium-
csatorna- (VGKC) komplex fehérjéi elleni 
antitestek vannak jelen. A tüneti kezelés, az 
intravénás immunglobulin (IVIg), a plazma-
csere (PE) és az intravénás metilprednizolon 
(IVMP) általában hatásos a tünetek mérsék-
lésében. Néhány eset azonban refrakter a 
kezelésre. Egy 52 éves nőbetegről számolunk 
be, akinek járási nehézségei, fasciculatiói, 
valamint súlyos hát- és csípőfájdalmai voltak. 
A beteg pozitív volt anti-VGKC antitestekre, 
és a kórtörténetében thymoma szerepelt. A 
tüneti kezelés, a nagy dózisú IVMP, az IVIg és 
a PE-kezelések részben javították a beteg já-
rását, de a fájdalmat és a fasciculatiókat nem 
sikerült kontrollálni. Végül az antitest által 
mediált autoimmunitásra gyakorolt hatása 
miatt rituximabbal (RTX) kezeltük a beteget, 
ami teljes tüneti enyhülést eredményezett, 
mellékhatások nélkül. Az RTX biztonságos és 
hatékony lehetőség a tüneti kontrollra keze-
lésre refrakter Isaacs-szindrómás esetekben. 

Kulcsszavak: Isaacs-szindróma, neuro
myotonia, rituximab, myokymia, fájdalom
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ESETISMERTETÉS

CASE REPORT

Isaacs’ syndrome is one of the peripheral nerve hyper-
excitability (PNH) syndromes characterized by muscle 

twitches, cramps, muscle stiffness, and autonomic dys-
function1. This is a rare disorder caused by spontaneous 
ectopic electrical activity originating mostly from motor 

nerve fibers2. Autoantibodies against voltage-gated potas-
sium channel (VGKC) complex proteins, such as anti-con-
tactin-associated protein-2 (CASPR2), anti-leucine-rich 
glioma inactivated-1(LGI1), and contactin-2, are identified 
in 30-50% of cases2, 3.
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Membrane stabilizing agents such as carbamazepine, 
phenytoin, lamotrigine, and pregabalin are often effective 
in controlling symptoms of Isaacs’ syndrome1. Intrave-
nous immunoglobulin (IVIg), plasma exchange (PE), and 
high-dose intravenous methylprednisolone (IVMP) are 
also used for immunomodulation1, 4. Nevertheless, some 
cases remain treatment-refractory. 

Here, we present a case of a woman with Isaacs’ syn-
drome with intractable pain who was responsive to rituxi-
mab (RTX) treatment.

Case report
A 52-year-old female was admitted with difficulty in walk-
ing and severe back and hip pain aching and burning in 
nature, gradually developing over one year. She was also 
suffering from generalized muscle pain and tenderness for 
six years. She was currently on duloxetine, amitriptyline 
and hydroxychloroquine treatment based on previous un-
differentiated connective tissue disease and fibromyalgia 
diagnoses. She had undergone thymectomy surgery for 
thymoma and had radiation therapy, five months ago. Neu-
rological examination revealed no motor or sensory loss. 
Deep tendon reflexes were diminished bilaterally in the 
lower extremities. Painless fasciculations/myokymia was 
present in all extremities, being prominent in the lower ex-
tremities. Her gait was broad-based, and walking distance 
was shortened because of the pain. 

Right ulnar, median and bilateral sural, peroneal and 
tibial nerve conduction studies were normal. Needle elec-
tromyography (EMG) showed widespread fasciculation 
potentials and doublet-triplet discharges of motor unit po-
tentials (MUP) in upper and lower extremities’ muscles 
during resting state. No neuromyotonic discharges were 
observed. MUP morphologies were normal. Bilateral tibial 
F-wave studies showed multiple after-discharges (Figure 
1A, B). The findings were compatible with peripheral 

nerve hyperexcitability syndrome. Laboratory tests re-
vealed increased creatine kinase level (565 U/L (range: 
26-192), positivity for anti-CASPR2 (titer: 1:1000), and 
anti- LGI1 (titer: 1:100) antibodies, leading to the diag-
nosis of Isaacs’ syndrome. 

Four sessions of PEs, IVMP (500 mg/day, 5 days), 
and IVIg (2 g/kg) treatment improved the patient’s gait 
partially but were ineffective in controlling pain and fas-
ciculations. Similarly, symptomatic treatment including 
phenytoin, carbamazepine, pregabalin, and fentanyl all 
had no significant benefit in pain control. Since the pa-
tient’s symptoms were resistant to treatment, whole-body 
positron emission tomography (PET) scan was performed 
to check for thymoma recurrence or presence of any other 
malignancy. The results were negative for malignancy. 
We thus decided to start rituximab (RTX) for symptom 
control, mainly because of its effect on antibody-mediated 
autoimmunity. RTX was given at a dose of 375 mg/m2, 4 
weekly infusions. The treatment was well-tolerated. Three 
months following RTX treatment, the patient experienced 
a 70-80% reduction in pain and fasciculations, and the 
symptoms completely resolved at the fourth month. A 
follow-up EMG conducted at the sixth month revealed no 
signs of peripheral nerve hyperexcitability (Figure 1C). 
However, the patient began to experience mild back and 
hip pain once again. Therefore, RTX treatment was repeat-
ed at the sixth month. Two weeks after the second RTX 
treatment, the patient was completely pain-free, and her 
well-being was maintained at the four-month follow-up. 

Discussion
Isaacs’ syndrome is an immune-mediated disorder of 
peripheral motor neurons characterized by continuous 
muscle fiber activity at rest. Clinical manifestations in-
clude cramps, muscle stiffness, myokymia/fasciculations, 
pseudomyotonia, and autonomic dysfunction4. EMG can 

Figure 1. Pre- and post-treatment tibial nerve F-wave studies. Right tibial nerve F-wave study recorded from abductor 
hallucis muscle (AH) showed multiple after-discharges (A, B) following M-waves with F-waves unrecognizable before 
treatment. Note that (C) after-discharges disappeared six months after the rituximab treatment

A B C
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show fasciculation potentials, and myokymic and neuro-
myotonic discharges as signs of hyperexcitability2, 4. Fas-
ciculation potentials and myokymic discharges were pre-
sent in our case, whereas neuromyotonic discharges were 
not observed. Whereas most cases with Isaacs’ syndrome 
are primary, 21-25% of patients with Isaacs’ syndrome 
have some form of underlying neoplasm, thymoma and 
small cell lung cancer being most common2, 5. In particular, 
anti-CASPR2 antibodies are associated with thymoma in 
20% of cases2, 5. The patient was positive for anti-CASPR2 
and anti-LGI1 antibodies in our case, with a history of 
thymoma surgery and radiotherapy. Fortunately, the PET 
scan was negative for thymoma recurrence or any other 
malignancy. On the other hand, despite great improve-
ments made in diagnostic and treatment modalities, Isaacs’ 
syndrome remains underrecognised, and diagnostic delays 
occur5, as in this case where it was almost six years.

Neuropathic pain is a relatively rare but important com-
ponent of Isaacs’ syndrome affecting the quality of life of 
the patients negatively, and is encountered in 20-30% of 
cases1, 2, 5. Similarly, treatment-refractory back and hip pain 
aching and burning in nature was the main complaint of 
our patient, limiting her daily activities of living greatly. 
Pain in Isaacs’ syndrome is typically related to small nerve 
fiber involvement1, 2 but sometimes the cause is not the 
nerve fiber loss but hyperexcitability6. The presence of 
fenestrations in the blood-nerve barrier allowing passage 
of solutes, macromolecules, and circulating lymphocytes 
and the presence of antibodies against the VGKC compo-
nents, which play a role in hyperexcitability, also contrib-
ute to pain formation in Isaacs’ syndrome6. Patients with 
mild symptoms could be managed by symptomatic treat-
ment only1, 2. However, moderate to severe cases require 
immunomodulatory and immunosuppressive treatment, in 
addition to symptomatic treatment1, 3, 4. RTX, azathioprine, 
methotrexate, cyclophosphamide, and cyclosporine have 
been tried in the management of Isaacs’ syndrome1, 4, 7 and 
among them, RTX which is an anti-CD20 monoclonal 

antibody, has been reported with fairly good success3, 4. 
Possible side effects of RTX include infusion reactions, 
reactivation of infections, progressive multifocal leukoen-
cephalopathy and blood dyscrasias. Thus, monitoring 
complete blood count, optimizing infection prophylaxis 
(e.g. the application of vaccination protocols), monitoring 
immunoglobulin levels, and signs of infectious complica-
tions are recommended1, 4, 8. Symptomatic treatment with 
phenytoin, carbamazepine, pregabalin, and fentanyl were 
ineffective in our case. High-dose IVMP, IVIg and PE 
treatments improved the patient’s gait partially but failed 
to control the pain and fasciculations. Therefore, we ap-
plied RTX to achieve further improvement by possibly 
tackling pathogenic B cell dysfunction. RTX resulted in 
complete symptomatic relief without side effects. 

Conclusion
RTX is a safe and effective option in controlling pain and 
fasciculations in Isaacs’ syndrome and should be consid-
ered early in the treatment of patients who are unrespon-
sive to membrane stabilizing agents, corticosteroids, IVIg, 
and PE.
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