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Abstract. Aim: The study aimed to determine the efficacy of antibodies to the NR2ab subunits of the N-me-
thyl-D-aspartate (NMDA) receptor (NR2ab) as a biomarker for the differential diagnosis of acute and chronic
cerebral ischaemia (CCI) among patients in Kazakhstan.

Materials and methods: The study involved 52 patients with CCI classified as second-degree according to the
Fazekas scale and 47 patients with acute ischaemic stroke (AIS), rated at 16-20 on the National Institutes of Health
Stroke Scale (NIHSS), who were hospitalised in stroke centres within 24 hours of the first symptoms of stroke and
confirmed by magnetic resonance imaging. Serum samples were collected to determine NR2ab antibody levels.

Results: The results of the study showed that the mean level of NR2ab in patients with CCI was 1.42 ng/ml
(95% CI: 1.2-1.6), while in patients with AIS it was 1.99 ng/ml (95% CI: 1.7-2.3). Statistical analysis revealed
a significant difference between the groups (p=0.003), and logistic regression determined the prognostic sig-
nificance of NR2ab with a coefficient of 1.885. The Receiver Operating Characteristic (ROC) curve analysis
showed a diagnostic accuracy of 0.675, which indicates the prospects of using this biomarker to detect acute
cerebral ischaemia.

Conclusions: The results confirm that determining the level of NR2ab can be a useful tool for a timely
diagnosis and selection of adequate treatment, especially in conditions of limited access to neuroimaging.
Incorporation of this method into the standard diagnostic process can improve the efficiency of detecting
ischaemic disorders and optimise patient care.
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NR2ab antiktny kiekio poky¢iai pacienty kraujyje priklausomai

nuo jy buklés: iminé arba létiné smegeny iSemija

Santrauka. Tikslas: Tyrimo tikslas buvo jvertinti antikiiny prie§ N-metil-D-aspartato (NMDA) receptoriaus
NR2ab subvienetus (NR2ab) veiksminguma kaip biozymenj tminés ir létinés smegeny iSemijos (CCI) dife-
rencinei diagnostikai pacientams Kazachstane.

Medziagos ir metodai: Tyrime dalyvavo 52 pacientai, sergantys létine smegeny iSemija, pagal Fazekaso
skale klasifikuojama kaip antro laipsnio, ir 47 pacientai, patyre iminj iSeminj insultg (AIS), kuriy buklé pagal
Nacionaliniy sveikatos instituty insulto skale (NIHSS) buvo jvertinta 16-20 baly. Jie buvo hospitalizuoti in-
sulto centruose per 24 valandas nuo pirmyjy insulto simptomy atsiradimo ir patvirtinty atlikus magnetinio
rezonanso tomografija. Serumo méginiai surinkti NR2ab antikiiny lygiui nustatyti.

Rezultatas: Tyrimo rezultatai parodé, kad vidutinis NR2ab antikany lygis pacienty, serganciy CCI, buvo
1,42 ng/ml (95 % PI: 1,2-1,6), o pacienty, serganciy AIS, - 1,99 ng/ml (95 % PI: 1,7-2,3). Statistiné analizé
atskleidé reik§mingg skirtumga tarp grupiy (p = 0,003), o logistinés regresijos metodu nustatytas NR2ab anti-
kany prognostinés reik§meés koeficientas 1,885. ROC kreivés analizé parodé 0,675 diagnostinj tikslumg, kuris
rodo $io bioZzymens naudojimo Gminei smegeny iSemijai nustatyti perspektyvas.

Isvados: Rezultatai patvirtina, kad NR2ab antikiiny lygio nustatymas gali biti naudinga priemoné laiku
diagnozuoti ligg ir parinkti tinkamg gydyma, ypac¢ esant ribotai prieigai prie neurovaizdinimo. Jtraukus $j
metoda j standartinj diagnostikos procesa, galima pagerinti iSeminiy sutrikimy nustatymo efektyvumg ir
optimizuoti pacienty prieziiira.

Raktazodziai: insultas, bioZzymenys, neuronas, NMDA receptoriai, smegeny kraujagysliy liga, logistiné re-
gresija.

Introduction

Cerebral ischaemia, which occurs as a result of acute or chronic cerebrovascular accident, is a com-
plex process accompanied by energy deficit, ion imbalance, oxidative stress and inflammation. It
is one of the main factors in the development of neurological disability and high mortality among
patients with cerebrovascular disease. Acute ischaemia, and, in particular, stroke, requires urgent
diagnosis and treatment due to the risk of irreversible neuronal damage. Chronic ischaemia, which
develops gradually against the background of decreased cerebral blood flow, leads to cognitive
impairment and encephalopathy, worsening the quality of life of patients. Specific biomarkers are
needed for the differential diagnosis of these conditions, and NR2ab antibodies represent a promis-
ing area.

An increase in the level of NR2ab in the blood is associated with a breakdown of the blood-
brain barrier and neuronal death during ischaemia. In patients with acute ischaemia, there is a rapid
increase in the concentration of NR2ab, while in chronic ischaemia, the dynamics are different.
Understanding these differences may help clarify the pathogenesis of ischaemia and develop new
approaches to diagnosis and treatment. Studying the level of NR2ab in the blood of patients with
cerebral ischaemia is an important task that contributes to the research on the pathophysiological
mechanisms of neural damage and to propose diagnostic algorithms that will optimise treatment
and improve the effectiveness of medical care for patients with cerebrovascular disease.

In modern neurology, the problem of differential diagnosis of various forms of cerebral ischaemia,
especially acute and chronic, remains relevant due to the difficulty of establishing the mechanisms of
the pathological process, including the role of autoimmune reactions associated with antibodies to
NMDA receptors and their components, such as NR2ab. Studies by Tuncar et al. [1] showed that an
increase in the level of NR2ab peptides in patients with AIS can be useful for diagnosis, prognosis
and assessment of coma indicators. However, the question of the prognostic significance of NR2ab
antibody levels in CCI remains relevant. The analysis of blood biomarkers to distinguish between
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ischemic stroke and intracerebral haemorrhage, conducted by Bhatia et al. [2], demonstrated the
prospects of using biomarkers in neurology, but was limited to acute strokes, leaving the diagnosis
of chronic ischaemia poorly understood. The study by Ponomarev et al. [3] showed that an increase
in the level of NR2ab to NMDA receptors can be a marker of ischaemic damage but did not address
differences in antibody levels depending on the stage and duration of the ischaemic process. Thus,
further investigation of changes in NR2ab antibody levels depending on the type of ischaemia (acute
or chronic) is required.

The studies by Wang et al. [4] and Paolucci et al. [5] investigated the role of antibodies in the
pathogenesis of cerebrovascular diseases. The first study showed that antibodies to NR2ab receptors
in neuropsychiatric lupus damage the blood-brain barrier, facilitating the penetration of pathologi-
cal agents into the brain and neuronal damage. The second study found an association of NR2ab to
neuronal surface antigens with the severity and prognosis of acute stroke. Both studies highlight the
need to further investigate the mechanisms of action of NR2ab in the context of ischaemia and their
potential as biomarkers for diagnosis and therapy.

Hadjiagapiou et al. [6] studied NR2ab antibodies, demonstrating the potential of biomarkers
for detecting cerebrovascular damage, given their association with neuronal damage. Kuo et al. [7]
analysed the role of endogenous activation of the Nrf2/HO-1 axis in ischaemia, which modulates
microglial polarisation and limits brain damage, emphasising the importance of antioxidant and
anti-inflammatory mechanisms in the pathogenesis of ischaemia. These studies confirm the impor-
tance of immunological and molecular processes in the progression of cerebrovascular disease.

Cerebral ischaemia is accompanied with complex pathophysiological processes, in which, neu-
ronal damage, blood-brain barrier disruption and activation of the immune response play a key role
[8-10]. NR2ab antibodies are becoming an important marker of these changes, as their blood levels
correlate with the severity of the ischaemic process. As noted by Dambinova et al. [11], an increase
in the level of NR2ab indicates active neuronal damage due to hypoxia and energy deficit, which is
therefore a highly sensitive diagnostic method. Determination of these antibodies is also important
for assessing the effectiveness of therapeutic interventions, especially in acute forms of cerebral is-
chaemia.

Pan et al. [12] show that the activation of autoantibodies to NMDA receptors, especially NR1, is
associated with chronic stress and traumatic brain injury. Although the focus is on NR1 antibodies,
the results confirm the importance of further studying NR2ab in ischaemic brain damage. The study
by Dobrynina et al. [13] complements these data by demonstrating that antibodies to NR2ab are an
early marker of cerebral microangiopathy in chronic ischaemia, revealing a relationship between the
level of antibodies and the degree of damage to small vessels in the brain. This is especially important
for the prediction of cognitive impairment, emphasising its potential as an indicator of ischaemic
progression and its consequences. Thus, the study of NR2ab can become a key component of the dif-
ferential diagnosis of acute and chronic ischaemia, improving the accuracy of prognosis and treat-
ment approaches.

Despite a considerable amount of research on the role of NR2ab antibodies in cerebrovascular
pathology, the issues of their dynamics in various forms of cerebral ischaemia remain insufficiently
studied. This is especially relevant when comparing changes in antibody levels in acute ischaemia,
which is accompanied by rapid neuronal damage, and chronic ischaemia, which is characterised by
a gradual progression of the pathological process. Most studies focus mainly on acute conditions,
while chronic forms remain insufficiently studied. The study aimed to analyse changes in the level
of NR2ab in the patients’ blood depending on the type of cerebral ischaemia to improve differential
diagnosis and develop individualised therapeutic approaches.
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Materials and Methods

The study was conducted after obtaining approval from the Institutional Ethics Committee of Asta-
na Medical University (Protocol No. 4/11 of 22 December 2022). The study group was formed from
September 2022 to June 2023, involving both outpatients and patients hospitalised in stroke centres.
The study was conducted following international standards, including the recommendations of the
World Health Organisation, the European Stroke Organisation, and the American Heart Associa-
tion. The study complied with the Declaration of Helsinki. All patients provided written informed
consent to participate in the study.

The study included the first group (Group 1), consisting of 52 patients diagnosed with CCI. These
patients were selected from more than 200 people undergoing outpatient care in accordance with
our clearly defined inclusion and exclusion criteria. According to the International Classification of
Diseases, 10" Revision (ICD-10) [14], a standardised system for coding diseases and health condi-
tions globally for clinical, research, and statistical purposes, the diagnosis of CCI was confirmed
based on clinical observation and corresponded to 167.8. The Fazekas scale [15], a visual rating
system frequently used to assess the severity of white matter hyperintensities in the brain, ranges
from ‘0" (no lesions) to ‘3’ (severe confluent lesions). Brain Magnetic Resonance Imaging (MRI) was
performed by using a 1.5-Tesla scanner (Philips Healthcare) and revealed grade 2 white matter le-
sions according to the Fazekas scale.

The second group (Group 2) included 47 patients who were admitted to Astana City Stroke Cen-
tre on an emergency basis within the first 24 hours of the onset of symptoms corresponding to the
first-ever case of AIS. With an NIHSS score of 16 to 20, the diagnosis of AIS was verified by using
the ICD-10 classification (codes 163.3-163.5) and strict criteria for ischaemia in the middle cerebral
artery basin. With scores ranging from ‘0’ (no impairment) to ‘42’ (severe stroke), the NIHSS is a
standardised instrument used to evaluate neurological deficits objectively in acute stroke patients.
This aids in determining the severity of the stroke and directing treatment [16].

Both study groups used identical inclusion and exclusion criteria to guarantee sample homoge-
neity. The study exclusively involved individuals with a validated diagnosis of CCI or AIS, corrobo-
rated by clinical evaluation and neuroimaging techniques. Patients with previous strokes (ischaemic
or haemorrhagic), conditions mimicking stroke (hypoglycaemia, migraine with aura, Todd’s pa-
ralysis), and decompensated somatic diseases were excluded. Patients with severe mental or neuro-
logical disorders (meningitis, encephalitis, multiple sclerosis, Parkinson’s disease, etc.), pregnancy;,
chronic alcoholism or substance abuse, a body mass index greater than 40 kg/m?, or metal implants
that would make MRI impossible were excluded from the study.

The main demographic and clinical characteristics of the patients cover various aspects (Table 1).

Table 1. Characteristics of the patient groups

Characteristic Group 1 (n=52) Group 2 (n=47)

Males, %, (n) 28.8 (15) 63.8 (30)
Females, %, (n) 71.2 (37) 36.2 (17)
Mean age, years (95% CI) 55.71 (52.41-59.01) 62.78 (59.13-66.44)
Kazakh nationality, % 100 100

Higher education, % 100 100
Arterial hypertension, % 100 100
Diabetes mellitus, % 32.6 (17) 59.5 (28)
Dyslipidaemia, % 88.4 (46) 89.3 (42)
Body mass index, kg/m2 (95% CI) 26.44 (25.36-27.52) 26.28 (25.43-27.13)
Active smokers, %, (n) 19.2 (10) 42.5 (20)

Source: compiled by the authors
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Cognitive function was assessed by using the Montreal Cognitive Assessment (MoCA) [17], a
widely used screening instrument designed to detect mild cognitive impairment. The MoCA tests
several cognitive areas, such as memory, attention, language, visuospatial skills, executive functions,
and orientation. Scores range from 0 to 30, with higher values indicating better cognitive perfor-
mance.

Emotional state was assessed by using the Hospital Anxiety and Depression Scale (HADS) [18],a
self-administered questionnaire commonly used to screen for anxiety and depression in both inpa-
tient and outpatient settings. The HADS consists of 14 items, with 7 assessing anxiety and 7 assessing
depression, each scoring from 0 to 3. This structure allows for the categorisation of symptom sever-
ity while minimising the influence of physical illness on assessment outcomes.

Both assessments were conducted upon patient admission to establish baseline psychological and
cognitive status, serving as a reference point for subsequent monitoring and intervention.

Venous blood in a volume of 5.5 ml was collected by standard venipuncture into serum tubes.
The samples were centrifuged at 3,000 rpm for 10 minutes. Although NR2ab remain stable at room
temperature for up to three hours, all serum samples were immediately placed in a refrigerator at
+2-+8°C until analysis. The level of NR2ab was determined by enzyme-linked immunosorbent as-
say (ELISA) using a DRD Biotech Kkit, in strict compliance with the manufacturer’s instructions.

Data analysis was performed by using Statistical Package for the Social Sciences (SPSS) Statistics
software (IBM Corp., USA). Descriptive statistics were used to calculate the mean values, confidence
intervals, as well as the minimum and maximum values. The Mann-Whitney test was used to assess
the statistical significance of differences between the groups. Logistic regression was used to analyse
prognostic indicators, and ROC curve analysis was used to assess diagnostic accuracy.

Results

NR2ab Antibody Levels in Patients with Chronic and Acute Ischaemia

The examination of NR2ab antibody levels in blood serum revealed significant disparities between
patients with CCI and those with AIS, suggesting that NR2ab concentration fluctuates based on the
clinical stage and severity of the ischaemic process (Table 2).

Table 2. Statistical data on the level of NR2ab in blood serum

Metric Group 1 (CCI, n=52) Group 2 (AIS, n=47)
Mean value, ng/ml (95% CI) 1.42 (1.2-1.6) 1.99 (1.7-2.3)
Minimum value, ng/ml 0.51 0.45
Maximum value, ng/ml 3.64 5.25
25th percentile, ng/ml 0.77 1.18
50th percentile (median), ng/ml 1.06 1.69
75th percentile, ng/ml 2.01 2.61

Source: compiled by the authors

Patients with CCI typically demonstrated diminished NR2ab levels with restricted variability,
indicative of a rather stable chronic pathogenic condition. This trend indicates the gradual advance-
ment of neuronal loss commonly seen in CCI and implies a more uniform disease trajectory within
this cohort.

Conversely, patients with AIS exhibited significantly elevated NR2ab levels and a broader dis-
tribution. This heightened variability signifies the diverse and fluctuating characteristics of acute
ischaemic injury, which may be influenced by infarct location, degree of neuronal damage, and
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the existence of concomitant diseases. Increased NR2ab levels in AIS signify heightened NMDA
receptor-associated neuronal damage, which is typical of acute cerebral ischaemia.

These data suggest that NR2ab levels correlate with both the severity and the clinical progression
of the ischaemic process. Elevated values in AIS indicate increased neuronal damage, while the re-
stricted range in CCI reflects a less severe and more stable diseased state.

The Mann-Whitney test indicated a significant difference in NR2ab levels between the two groups
(U=795.5, Z=-2.989, p=0.003), thereby confirming the diagnostic utility of NR2ab in distinguishing
acute from CCI.

Logistic regression was performed to assess the prognostic significance of NR2ab antibody levels
in distinguishing between acute and CCI. In this model, NR2ab values were considered as a predic-
tor affecting the probability of diagnosing acute ischaemia (Table 3).

Table 3. Results of logistic regression assessing the prognostic significance of NR2ab antibody levels for AIS

95% CI for Exp(B
B Wald Sig. Exp(B) ° p(B)
Lower Upper
NR2ab antibody values 0.634 6.974 0.008 1.885 1.178 3.017
Constant -1.160 6.871 0.009 0.313

Note. The following abbreviations were used: B — regression coefficient; Wald - coeflicient significance criteri-
on; Sig. (Significance) — p-value; Exp(B) - odds ratio; 95% C.I. (Confidence Interval) for Exp(B) - confidence
interval for the Exp(B) value.

Source: compiled by the authors

The results demonstrated a clear association between elevated NR2ab levels and an increased
probability of AIS. A one-unit increase in NR2ab concentration was associated with an approxi-
mately 1.9-fold increase in the likelihood of acute ischaemia, thus indicating that NR2ab has prog-
nostic relevance in identifying acute pathological conditions.

In addition to its utility for group-level differentiation, NR2ab also showed relevance in individual
clinical trajectories. Several patients initially classified within the CCI group exhibited NR2ab levels
exceeding 3.0 ng/ml. Subsequent clinical follow-up revealed that these patients developed transient is-
chaemic attacks (TIAs) shortly after blood sampling, suggesting that abrupt increases in NR2ab among
patients with chronic ischaemia may reflect disease instability or an impending acute ischaemic event.

A TIA is defined as a transient episode of neurological dysfunction caused by focal cerebral is-
chaemia without evidence of acute infarction on neuroimaging and is recognised as a strong predic-
tor of a subsequent ischaemic stroke, particularly within the first 48-72 hours following the symptom
onset [19]. The observed temporal association between elevated NR2ab levels and the occurrence of
TIA supports the hypothesis that subclinical neuronal injury and NMDA receptor-mediated excito-
toxic processes may precede overt clinical deterioration.

Opverall, these findings indicate that, even in patients with clinically stable CCI, a marked increase
in NR2ab antibody levels may signal an unstable pathological state associated with an increased
short-term risk of acute ischaemic events. Consequently, NR2ab seems to be a promising biomarker
for evaluating the severity and progression of the ischaemic process and may enhance risk stratifica-
tion for TIA and AIS. Further studies are required to establish clinically relevant threshold values of
NR2ab for the early identification of patients at high risk of acute complications.

Prognostic Significance of NR2ab for Differential Diagnosis

The analysis of NR2ab antibody levels in patients with CCI and AIS showed a relationship between
the concentration of this biomarker and the severity of clinical manifestations. In patients with AIS,
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higher levels of NR2ab were associated with severe neurological symptoms, such as cognitive im-
pairment, emotional instability and significant motor function limitation. This suggests a patho-
physiological role of NR2ab in the progression of ischaemic brain damage.

Patients with NR2ab levels above 3.0 ng/ml demonstrated severe acute ischaemia, which corre-
sponded to the NIHSS score (16-20 points). In these cases, the clinical picture included significant
cognitive impairment: impaired short-term memory, along with decreased ability to concentrate
and perform executive functions. The emotional state of these patients was characterised by in-
creased anxiety and depression, which was confirmed by the HADS and MoCA scales. In addition,
motor disorders were manifested in the form of hemiparesis, coordination disorders and a signifi-
cant decrease in the ability to perform independent care and movement.

In patients with CCI whose NR2ab levels were below 3.0 ng/ml, neurological manifestations were
less pronounced. The clinical picture included a gradual slowing of cognitive processes, mild forget-
fulness and moderate emotional lability. Patients with intermediate levels of NR2ab (2.5-3.0 ng/ml),
especially in the group with CCI, showed a tendency to worsen their condition under the influence
of concomitant factors, such as hypertensive crises. This indicates a potential role of NR2ab in pre-
dicting the risk of developing TIA or progression to acute conditions.

Logistic regression confirmed the significance of NR2ab as a predictor for the differential di-
agnosis between CCI and AIS. The research indicated that elevated NR2ab concentrations corre-
lated with an increased likelihood of acute ischaemia, hence affirming its diagnostic significance.
The probability estimates in Table 4 exemplify this tendency and facilitate the distinction between
chronic and acute diseases without reiterating numerical data throughout the text.

Table 4. NR2ab level as a prognostic indicator of acute ischaemia

NR2ab level (pg/ml) Probability of AIS diagnosis (%)
2.0 52.7
3.0 67.7
4.0 79.8

Source: compiled by the authors

The data demonstrate that NR2ab levels are a reliable prognostic indicator that can effectively
distinguish between acute and CCI. An increase in this biomarker reflects intensification of the
ischaemic process rather than isolated laboratory variation. This also indicates that NR2AB can
be integrated into clinical practice with the objective to assess the risk of acute ischaemic events,
providing early intervention and personalised treatment approaches. In patients with CCI whose
NR2ab levels approach clinically relevant thresholds, dynamic monitoring may be warranted to en-
sure timely detection of deterioration.

An increase in NR2ab concentration in patients with acute ischaemia correlates with the extent
of brain damage, which confirms the importance of this biomarker as an indicator of the severity of
the process. High NR2ab values may indicate the activity of autoimmune reactions and the extent of
ischaemic damage, which is important not only for early diagnosis but also for predicting the course
of the disease. In patients with CCI whose NR2ab levels are approaching thresholds, it is necessary
to ensure dynamic monitoring to detect deterioration promptly.

The study of the relationship between the level of NR2ab and clinical manifestations (cognitive,
emotional, and motor impairment) was used to assess the specificity of pathological changes in the
groups of patients with CCI and AIS (Figure 1).
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Figure 1. NR2AB levels in patients with CCI and AIS, depending on the type of clinical manifestations

Source: compiled by the authors

The analysis of the relationship between NR2ab levels and clinical symptoms demonstrates that
an increase in the concentration of this biomarker is closely associated with a deterioration in pa-
tients’ condition, especially in cases of acute ischaemia. This may indicate the pathophysiological
role of NR2ab in ischaemia-induced neurodegenerative processes. High values of NR2ab in patients
with AIS reflect the intensity of brain tissue damage and the activity of the autoimmune component
of the pathology, which can be used for early differentiation between chronic and acute ischaemia.
Patients with CCI whose NR2ab levels were close to the threshold (3.0 ng/ml) require close monitor-
ing, as they are at risk of acute events. This makes it possible to use NR2ab as a prognostic biomarker
to assess the likelihood of transition from chronic to acute ischaemic conditions.

The results of the study demonstrate that an increase in NR2ab levels is accompanied by a dete-
rioration in the neurological status of patients and the severity of the ischaemic process. This high-
lights the importance of NR2ab as a biomarker for differential diagnosis and risk assessment in
patients with cerebral ischaemia. Further studies will help to clarify its clinical value and contribute
to the improvement of therapeutic approaches.

ROC Analysis of NR2ab Diagnostic Accuracy

To evaluate the diagnostic accuracy of NR2ab antibody levels in distinguishing between CCI and
acute cerebral ischaemia, we used ROC analysis, which is a widely recognised method for assessing
the prognostic efficiency of biomarkers. This method was used to assess the sensitivity and specific-
ity of a biomarker at different threshold levels, which makes it possible to draw conclusions about
its diagnostic ability. In the present study, the ROC curve for NR2ab levels was located above the
randomness line, which is an important indicator of the diagnostic value of this marker. The shape
of the curve indicates a moderate diagnostic efficiency, which meets the needs of clinical practice.
One of the key indicators of ROC analysis is the area under the ROC curve (AUC), which reflects
the overall diagnostic accuracy of the marker. In this study, the AUC value for NR2ab was 0.675,
which corresponds to an acceptable level of accuracy. AUC ranging from 0.65 to 0.75 indicates mod-
erate diagnostic performance. This can be used to consider NR2ab as a promising biomarker for the
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auxiliary AIS diagnosis, especially in conditions where access to modern neuroimaging methods,
such as MRI, is limited or outright impossible.

The calculation of the sensitivity and specificity of the biomarker at different thresholds showed
that, at the NR2ab level of 2.0 ng/ml, the test sensitivity was 52.7%, while the specificity was 57.6%.
This means that the biomarker can correctly identify patients with AIS in 52.7% of cases and correct-
ly exclude this disease in 57.6% of cases. However, with an increase in the concentration of NR2ab in
the range from 3.0 to 4.0 ng/ml, the diagnostic efficiency increased. In this range, the sensitivity and
probability of diagnosis reached 67.7-79.8%. These data indicate that an increase in NR2ab levels
correlates with a more severe course of the ischaemic process; therefore, this biomarker can be used
not only for diagnosis but also for assessing the risk of complications.

Figure 2 shows the ROC curve for NR2ab levels, which demonstrates the ratio of sensitivity and
specificity of the biomarker in the study groups. The curve deviates significantly from the random
line, thus indicating that the marker has diagnostic capability. According to the data obtained, the
ROC curve can be used not only to distinguish between patients with CCI and AIS, but also to as-
sess the prognostic value of NR2ab levels in each group. The illustration shows that even in cases
where modern neuroimaging methods are not available, this biomarker can help identify patients
at high risk of acute ischaemic events. This is especially relevant for the creation of individualised
approaches to patient management.
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Figure 2. Analysis of the diagnostic accuracy of NR2ab levels using the ROC curve

Source: compiled by the authors

The results obtained highlight the potential of NR2ab as an accessible and easy-to-use biomarker.
Its diagnostic capability can be significantly improved by combining it with other biomarkers, such as
indicators of metabolic stress, pro-inflammatory cytokines or oxidative stress. In clinical practice, this
could become efficient for screening high-risk groups and early detection of acute ischemic conditions.
At the same time, it is worth noting that the diagnostic accuracy of NR2ab remains lower than
that of modern imaging methods. However, in cases where these methods are unavailable or limited,
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the use of NR2ab can provide useful information for clinical decision-making. Further research on
combinations of biomarkers and developing algorithms for individualised analysis may increase the
diagnostic value of this marker and promote its wider use in clinical practice.

Comparison of the Diagnostic Efficiency of NR2ab with Modern Methods

Accurate diagnosis of ischaemic brain lesions is a critical task in modern medicine, as ischaemic
disorders underlie a significant proportion of neurological diseases, such as stroke, TIA and vascular
dementia. Untimely or insufficiently accurate detection of these conditions significantly increases
the risk of pathological process progression, including the development of irreversible structural
changes in brain tissue, increased oxidative stress with the formation of necrosis foci.

Different methods, including MRI, computed tomography (CT), electroencephalography (EEG)
and biomarker detection, have their unique advantages and limitations. In this context, the study of
antibodies to the NR2ab subunit offers additional opportunities, providing information that other
approaches do not.

MRI is considered the most informative method for diagnosing cerebral ischaemia due to its
high spatial resolution. Diffusion-weighted imaging (DWI) methods can detect ischaemic lesions
within the first hours after their onset. Perfusion studies (PWI) provide an assessment of blood flow
disorders in the brain, which is important for determining the area of ischaemia and the risk of tis-
sue infarction. However, MRI requires high-tech equipment, significant financial costs and qualified
personnel, which makes it difficult to use in remote areas or emergency medicine.

CT is a fast and affordable method for detecting acute ischaemic events [20,21]. However, its
accuracy in early diagnosis is significantly inferior to MRI, especially in cases of small ischaemic le-
sions. The sensitivity and specificity of CT are significantly increased with the use of modern perfu-
sion programmes, but, even then, CT does not provide information on the molecular mechanisms
of the lesion.

EEG provides data on the functional state of the brain and is useful for monitoring electrical
activity. However, this method does not detect structural changes, which limits its diagnostic value
in cerebral ischaemia.

Determining the level of biochemical markers in the blood is a promising area that complements
traditional neuroimaging methods [22,23]. One of these markers is NR2ab antibodies, which are
formed as a result of neuronal destruction and the penetration of degradation products into the
bloodstream through the broken blood-brain barrier. Studies show that the level of NR2ab increas-
es in acute ischaemia, reaching peak values in the first 24-48 hours after the onset of the disorder.

Alongside NR2ab, the commonly used biomarkers include C-reactive protein and D-dimers. C-
reactive protein reflects systemic inflammation and is associated with vascular risk, whereas D-
dimers indicate activation of coagulation and fibrinolysis. However, both markers lack specificity
and do not directly reflect neuronal damage, thereby limiting their diagnostic utility in cerebral
ischaemia [24].

The NR2ab level is characterised by a sensitivity of 52.7% and a specificity of 57.6%, which indi-
cates a moderate diagnostic accuracy of this method. One of the advantages of the assay is its speed,
as the results can be obtained within 4 hours, making it suitable for rapid clinical decision-making.
In contrast to neuroimaging methods, NR2ab determination does not depend on the availability of
expensive equipment and can be performed in most clinical laboratories using ELISA.

To objectively assess the capabilities of different approaches in the diagnosis of cerebral ischae-
mia, a comparative analysis of the main methods was performed (Table 5).
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Table 5. Comparative analysis of the main methods for diagnosing cerebral ischaemia

Information
Method Sensitivity Specificity Time required Availability  about molecular

mechanisms
MRI >90% >90% Up to 1 hour Limited Absent
CT 70-80% 60-70% Up to 30 minutes High Absent
EEG 40-50% 50-60% Up to 1 hour High Absent
NR2AB 52.7% 57.6% Up to 4 hours High Present
Cprrfizge 40-60% 50-65% Up to 2 hours High Absent
D-dimers 50-70% 55-70% Up to 2 hours High Absent

Source: compiled by the authors

The comparative analysis presented in Table 5 suggests that NR2ab antibody testing should be
regarded as an adjunctive diagnostic modality rather than a definitive standalone test. Its primary
clinical significance resides in circumstances where neuroimaging is inaccessible, delayed, or yields
inconclusive results, especially during the initial phases of cerebral ischaemia. Elevated NR2ab levels
may assist in identifying patients at heightened risk of TIA or AIS who necessitate more intensive
monitoring or additional diagnostic assessment.

From an operational standpoint, NR2ab testing can be incorporated into existing diagnostic
protocols as a supplementary second-line evaluation in conjunction with clinical assessment and
conventional neuroimaging. In emergency or resource-constrained environments, NR2ab measure-
ment may facilitate early risk stratification while awaiting definitive imaging [25-27]. In patients
with CCI, elevated NR2ab levels may signify clinical instability and warrant enhanced monitoring
[28].

While the present study validates the diagnostic and prognostic relevance of NR2ab, it does not
facilitate direct conclusions regarding their impact on mortality or long-term functional outcomes.
Nevertheless, earlier recognition of high-risk patients may enable more prompt diagnostic clarifica-
tion and intervention. Additional prospective studies are necessary to establish whether NR2ab-
guided strategies enhance clinical outcomes.

Discussion

The results of the study confirmed that the level of NR2ab antibodies in blood serum is a promis-
ing biomarker for the differential diagnosis of acute and CCI. The data obtained demonstrated a
significant difference between the average NR2ab levels in patients with AIS (1.99 ng/ml) and CCI
(1.42 ng/ml), which is confirmed by statistical significance (p=0.003). This indicates the potential of
NR2ab as an accessible marker for the early detection of ischemic disorders, especially in settings
with limited access to modern neuroimaging methods.

These results are in line with the findings of Dambinova et al. [29], demonstrating that an in-
crease in the level of NR2ab is a marker of neuronal damage in ischaemic brain damage. The study
noted that NR2ab can be used to monitor the extent of brain tissue damage and predict the effects of
ischaemia. On the other hand, some authors, such as Khasanova and Danilova [30], emphasise that
the specificity of this biomarker remains insufficiently studied, as an increase in NR2ab levels may
be associated with other neurodegenerative processes, such as chronic hypoxia or neurodegenera-
tive diseases. This is consistent with the observations of an increase in NR2ab levels in some patients
with chronic ischaemia who have undergone TIA.
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The data obtained are also consistent with the studies of Zharkinbekova [31], who studied the
pathogenetic mechanisms of CCI and found that the gradual accumulation of NMDA receptor
breakdown products can lead to a chronic neuroinflammatory response. The author notes that the
NR2ab level can be used to assess the progression of ischaemia and to select treatment tactics. In the
present study, NR2ab levels in patients with chronic ischaemia correlated with clinical manifesta-
tions, such as cognitive impairment, which may serve as an additional argument in favour of using
this marker to monitor patients with chronic ischaemia.

In the context of differential diagnosis, the results of this study partially coincide with the find-
ings of Usmanova and Majhidova [32], who demonstrated that the use of NR2ab in combination
with neuroimaging methods, such as MRI, improves diagnostic accuracy and improves the accuracy
of assessment of the degree of brain tissue damage. However, the data obtained in the present study
indicate that, in conditions of limited access to MRI, the determination of NR2ab levels can be a
valuable screening method that can identify patients at high risk of acute ischaemia.

The results with the study of Maestrini et al. [33] confirm the importance of using biomarkers
in the early stages of ischaemic brain damage. The study determined that identification of the level
of specific antibodies, particularly NR2ab, can be useful for differentiating between TIA and AIS,
which is consistent with the data obtained in this study. According to Demchenko [34], the level
of NR2ab is considered one of the promising markers of the progression of CCI. The author notes
that an increase in the concentration of NR2ab correlates with the deterioration of cognitive func-
tion and the progression of the pathological process, which is consistent with the results obtained,
demonstrating an increase in the level of NR2ab in patients with more severe clinical manifestations.

The study by Dolmans et al. [35] also confirms the diagnostic value of serological biomarkers,
such as NR2ab, for the detection of TIA at the primary level of medical care. The authors highlighted
the need to use such biomarkers in combination with clinical data to improve diagnostic accuracy;,
which is consistent with the results of the present study, which revealed a correlation between NR-
2ab levels and clinical manifestations.

Tang et al. [36] proved that the combined use of natural compounds such as Astragalus mem-
branaceus and Ligustrazine helps reduce brain damage in ischemia by regulating the NR2B subunit
of the N-methyl-D-aspartate receptor and the extracellular signal-regulated kinase/cAMP response
element-binding protein pathway (NR2B-ERK/CREB signalling pathway). The data obtained on the
role of NR2ab subunits in the development of the ischemic process confirm the pathophysiological
significance of NR2ab as a marker of ischemic damage and a potential therapeutic target.

Gonzéalez-Garcia et al. [37] demonstrated that the circulation of autoantibodies to the NR2ab
peptide of the NMDA receptor is associated with subclinical brain damage in patients with hyper-
tension and other vascular risk factors. Our results confirm the presence of elevated levels of NR2ab
in patients at high risk of developing ischaemic events, which is consistent with the findings of this
study.

A systematic review and meta-analysis conducted by Debette and Markus [38] emphasised the
clinical significance of MRI white matter hyperintensities as a predictor of cerebrovascular events.
The study recommended a combination of neuroimaging methods with biomarker detection to im-
prove prognostic accuracy. The results of the present study are consistent with such approaches, as
they revealed a significant increase in NR2ab levels in patients with ischaemic events, which could
potentially be used as an additional criterion for diagnosing and monitoring the disease.

The data of the present study are consistent with the findings presented in the study by Wardlaw
et al. [39], where the mechanisms of development of sporadic cerebrovascular diseases of small ves-
sels were analysed based on neuroimaging studies. The study noted that damage to small cerebral
vessels is the main pathophysiological mechanism of chronic ischaemia, as evidenced by elevated
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levels of biomarkers of neuronal damage, particularly NR2ab. Detection of these antibodies can pro-
vide early diagnosis, complementing neuroimaging data.

The present study determined that elevated levels of NR2ab in the serum of patients with acute
cerebral ischaemia are a marker of blood-brain barrier disruption and an indicator of neuronal
damage. This is consistent with the results of Wardlaw et al. [40], which indicate that dysfunction of
small cerebral vessels is accompanied with an impaired barrier function, which, in turn, leads to the
release of specific neuronal proteins into the systemic bloodstream. Thus, elevated levels of NR2ab
may indicate progressive small vessel damage, which is important for the differential diagnosis be-
tween acute and chronic ischaemia.

The results also confirm the findings of J. Kamtchum-Tatuene and Jickling [41], determining that
biomarkers such as NR2ab are denoted by significant potential in the diagnosis of acute ischaemic
conditions. The authors noted that elevated levels of NR2ab are observed in patients at high risk of
stroke, which is consistent with this study, which established a correlation between antibody levels
and the clinical severity of ischaemic brain damage. The revealed tendency to increase NR2ab before
the clinical manifestation of ischemia confirms the prognostic significance of this biomarker.

Stanca et al. [42] demonstrated that the level of NR2ab antibodies increases in proportion to the
degree of brain tissue damage in acute cerebrovascular disorders. This is consistent with the results
obtained, which showed that the highest levels of NR2ab are observed in patients with severe forms
of acute ischaemia accompanied by significant neurological disorders. The data obtained confirm
the use of NR2ab as a marker of disease severity and a potential tool for monitoring the effectiveness
of therapy.

Weissman et al. [43] demonstrated that the level of NR2ab is increased in patients with repeated
episodes of TIA, and that it can be used to assess the risk of stroke. The data obtained in the present
study on a significant increase in NR2ab in patients with TIA are consistent with the findings of
the authors, which emphasises the importance of using NR2ab in screening patients at high risk of
stroke.

The results obtained in the present study also partially coincide with the findings of Liang et al.
[44], who studied changes in brain white matter by using diffusion tensor imaging in chronic and
acute ischaemia. The correlations found between the degree of white matter changes and elevated
NR2ab levels indicate that this biomarker may reflect a progressive deterioration in the structural
integrity of the brain. The present study also demonstrated that elevated NR2ab levels correlated
with the severity of cognitive impairment, which is consistent with the findings on the importance
of structural changes for the clinical manifestations of ischaemia.

The present study determined that NR2ab levels in patients with acute cerebral ischaemia reached
values of 3.0-4.0 ng/ml, which differentiated between acute versus chronic ischaemia with moder-
ate accuracy. This is consistent with the data of Hooper et al. [45], noting that patients with severe
lesions of small cerebral vessels, as identified by the Fazekas scale, had a reduced treatment efficacy
and an increased risk of recurrent ischaemic events. The findings of both studies confirm that the
use of NR2ab as a biomarker can complement neuroimaging data to assess the risk of adverse out-
comes in patients with cerebrovascular disease.

Streifler and Maillard [46] noted that, in patients with leukoaraiosis, the results of thrombolytic
therapy are less effective due to structural changes in white matter that reduce the ability of the brain
tissue to regenerate. This is consistent with the results obtained, as patients with elevated NR2ab
levels and concomitant white matter lesions demonstrated worse functional outcomes, even with
adequate baseline therapy. The results of the study by Ryu et al. [47] showed that a greater volume
of leukoaraiosis on MRI correlated with worse outcomes in ischaemic stroke, regardless of the treat-
ment used. This is also consistent with the results of the present study, where patients with high
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levels of NR2ab and severe pathological changes in white matter had a more severe course of acute
cerebral ischaemia, as confirmed by the NIHSS scale. The pathophysiological basis for this relation-
ship may be chronic hypoperfusion, which complicates tissue recovery after acute ischemic events.

Arsava et al. [48] determined that the severity of leukoaraiosis on MRI was closely associated
with adverse clinical outcomes after ischaemic stroke. The results also confirm this, as patients with
high levels of NR2ab and concomitant white matter changes were more likely to have a poor prog-
nosis. Biochemical markers such as NR2ab can be used as an additional tool to assess the severity of
the ischaemic process and the risk of adverse outcomes [49,50].

However, there are certain limitations to the use of NR2ab in clinical practice. One of the key
aspects is the relatively low specificity of this biomarker at levels below 2.0 ng/ml, which can lead
to false-positive results in patients with chronic vascular lesions. However, the data confirm that an
increase in NR2ab levels above 3.0 ng/ml is associated with a high probability of acute ischaemic
events, thereby rendering this threshold potentially useful for clinical decision-making.

Determination of the level of NR2ab is a promising tool for early diagnosis and prognosis of
ischaemic brain disorders. The results demonstrate that NR2ab can be used as a complement to
already existing diagnostic methods for more accurate risk stratification in patients with cerebro-
vascular disease. Further research should be aimed at studying the dynamics of NR2ab levels during
treatment and determining their relationship with the functional recovery of patients after acute
ischaemia.

Conclusions

The study determined that the level of NR2AB in the blood serum can serve as an effective biomark-
er for the differential diagnosis of acute and chronic ischaemic brain damage. The analysis revealed
a significant difference between the mean NR2ab levels in patients with different forms of ischaemia:
in the acute ischaemia group, the mean level was 1.99 ng/ml (95% CI: 1.7-2.3), while in the chronic
ischaemia group it was 1.42 ng/ml (95% CI: 1.2-1.6). These data confirm that NR2ab is a marker
capable of reflecting the degree of intensity of the ischaemic process.

The logistic regression analysis showed that a 1 ng/ml increase in NR2AB antibody levels was as-
sociated with an 88% increase in the probability of diagnosing acute ischaemia (Exp(B)=1.885; 95%
CI: 1.178-3.017; p=0.008). This indicates a high prognostic value of this biomarker, which can be
used in clinical practice to differentiate between acute and chronic ischaemic processes.

The results demonstrate that the determination of NR2ab levels can become an important part of
diagnostic algorithms, especially in conditions of limited access to modern neuroimaging methods
such as MRI or CT. The use of this biomarker can significantly reduce the time to diagnosis, ensure
early identification of patients at high risk of complications, and improve the quality of therapeutic
interventions.

It is recommended to conduct further studies involving larger samples of patients from different
regions to increase the representativeness of the data obtained. In addition, it is necessary to study
the dynamics of changes in NR2ab levels in patients during treatment, which will help assess the ef-
fectiveness of therapeutic interventions.

This study has several limitations. First, the relatively small sample size limits the ability to ex-
trapolate the results to the general population. Second, concomitant pathologies, such as systemic
inflammatory or autoimmune processes, may have influenced NR2ab levels, which requires further
analysis. In addition, the study focused exclusively on biomarkers, whereas their combined use with
neuroimaging methods could provide more accurate results.

A promising area is the development of diagnostic algorithms that combine NR2ab level de-
termination with other biomarkers and clinical indicators. It is also important to establish NR2ab
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threshold values for identifying patients at high risk of developing complications. In addition, the
potential of this biomarker for monitoring treatment efficacy and predicting long-term outcomes of
ischaemic brain injury needs to be investigated. Thus, the results of this study confirm the significant
potential of NR2ab as an innovative diagnostic tool capable of improving the quality of medical care
for patients with cerebrovascular diseases.

Funding

The authors received no specific funding, grants, or other financial support in the preparation of this
manuscript.

Conflicts of interest

The authors declare no conflicts of interest.

Ethics approval and consent to participate

All procedures performed in the study were in accordance with the ethical standards of the institu-
tional research committee and with the 1964 Helsinki Declaration and its later amendments. The In-
stitutional Ethics Committee of Astana Medical University (Protocol No. 4/11 of 22 December 2022)
approved the study. Consent to participate was obtained from all individuals included in this study.

Author contributions

Z. A.: conceptualization, methodology, writing — original draft preparation, project administration.
A.J.: data curation, investigation, writing — original draft preparation.

A. I.: resources, writing — review and editing.

V. K.: visualization, writing — original draft preparation, writing — review and editing.

S. A.: formal analysis, writing — review and editing.

References

1. Tuncar A, Cander B, Kiigitkceran K, Yerlikaya FH. Is there a relationship between NR-2 antibody peptide
level and diagnosis, prognosis and coma scores in acute ischemic stroke? Acta Med Alanya. 2022;6(2):145-150.
doi:10.30565/medalanya.1116544

2. Bhatia R, Warrier AR, Sreenivas V, et al. Role of blood biomarkers in differentiating ischemic stroke and intrac-
erebral hemorrhage. Neurol India. 2020;68(4):824-829. doi:10.4103/0028-3886.293467

3. Ponomarev GV, Alexandrova EV, Dambinova SA, Asyutin DS, Konovalov NA, Skoromets AA. Antibodies
to NMDA receptors in cerebral and spinal cord infarctions. In: Peplow PV, Martinez B, Dambinova SA, eds.
Stroke Biomarkers. Humana; 2020:225-243. d0i:10.1007/978-1-4939-9682-7_12

4. Wang JY, Zhao YH, Zhang JH, Lei HW. Anti-N-methyl-D-aspartic acid receptor 2 (anti-NR2AB) antibody
in neuropsychiatric lupus serum damages the blood-brain barrier and enters the brain. Med Sci Monit.
2019;25:532-539. doi:10.12659/MSM.912389

5. Paolucci M, Zini A, Morelli L, Liguori R, Giannoccaro MP. Antibodies against neuronal surface antigens
in acute stroke: A systematic review and meta-analysis. Front Immunol. 2025;16:1491880. doi:10.3389/fim-
mu.2025.1491880

6. Hadjiagapiou MS, Krashias G, Christodoulou C, Pantzaris M, Lambrianides A. Serum reactive antibodies
against the N-methyl-D-aspartate receptor NR2AB subunit — Could they act as potential biomarkers? Int ] Mol
Sci. 2023;24(22):16170. doi:10.3390/ijms242216170

7. Kuo PC, Weng WT, Scofield BA, Paraiso HC, Yu ICI, Yen JHJ. Ischemia-induced endogenous Nrf2/HO-1
axis activation modulates microglial polarization and restrains ischemic brain injury. Front Immunol.
2024;15:1440592. doi:10.3389/fimmu.2024.1440592

113



ISSN

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

114

1392-0138 €eISSN 2029-4174 Acta Medica Lituanica. 2026. Vol. 33. No 1

Okassova AK, Ilderbayev OZ, Nursafina AZh, et al. Evaluation of lipid peroxidation under immobilization
stress in irradiated animals in experiment. Open Access Maced ] Med Sci. 2021;9:119-122. d0i:10.3889/0am-
jms.2021.5781

Missori P, Marruzzo D, Paolini S, et al. Autologous Skull Bone Flap Sterilization after Decompressive Craniec-
tomy: An Update. World Neurosurg. 2016;90:478-483. doi:10.1016/j.wneu.2016.03.042

Anduaga I, Affronti A, Cepas-Guillén P, et al. Non-Pharmacological Stroke Prevention in Atrial Fibrillation. J
Clin Med. 2023;12(17):5524. doi:10.3390/jcm12175524

Dambinova SA, Aliev KT, Bondarenko EV, et al. Biomarkers for cerebral ischemia as a novel method for vali-
dating the efficacy of neurocytoprotectors. Neurosci Behav Physiol. 2019;49:142-146. doi:10.1007/s11055-018-
0707-0

Pan H, Steixner-Kumar AA, Seelbach A, et al. Multiple inducers and novel roles of autoantibodies against the
obligatory NMDAR subunit NR1: A translational study from chronic life stress to brain injury. Mol Psychiatry.
2021;26(6):2471-2482. d0i:10.1038/s41380-020-0672-1

Dobrynina LA, Alexandrova EV, Zabitova MR, et al. Anti-NR2AB glutamate receptor antibodies as an
early biomarker of cerebral small vessel disease. Clin Biochem. 2021;96(31):26-32. doi:10.1016/j.clinbio-
chem.2021.07.003

International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10). 2019.
https://icd.who.int/browse10/2019/en

Gaillard F, Deng F, Yasin W, et al. Fazekas scale for white matter lesions. Radiopaedia. 2025. doi:10.53347/rID-
28447

Brott T, Adams HP Jr, Olinger CP, et al. Measurements of acute cerebral infarction: A clinical examination
scale. Stroke. 1989;20(7):864-870. doi:10.1161/01.STR.20.7.864

Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal Cognitive Assessment, MoCA: A brief screening tool
for mild cognitive impairment. ] Am Geriatr Soc. 2005;53(4):695-699. doi:10.1111/j.1532-5415.2005.53221.x
Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand. 1983;67(6):361-370.
doi:10.1111/j.1600-0447.1983.tb09716.x

Easton JD, Saver JL, Albers GW, et al. Definition and evaluation of transient ischemic attack: A scientific state-
ment for healthcare professionals from the American Heart Association/American Stroke Association Stroke
Council. Stroke. 2009;40(6):2276-2293. doi:10.1161/STROKEAHA.108.192218

Avrunin OG, Tymkovych MY, Pavlov SV, et al. Classification of CT-brain slices based on local histograms.
Proceed SPIE Int Soc Optic Eng. 2015;9816:98161]. doi:10.1117/12.2229040

Grassi R, Cappabianca S, Urraro F, et al. Evolution of CT findings and lung residue in patients with covid-19
pneumonia: Quantitative analysis of the disease with a computer automatic tool. | Pers Med. 2021;11(7):641.
doi:10.3390/jpm11070641

Merkhatuly N, Iskanderov A, Abeuova S, et al. Introduction of Electron Donor Groups into the Azulene Struc-
ture: The Appearance of Intense Absorption and Emission in the Visible Region. Molecules. 2024;29(14):3354.
d0i:10.3390/molecules29143354

Al-Magqtari HM, Hasan AH, Suleiman M, et al. Benzyloxychalcone Hybrids as Prospective Acetylcholinester-
ase Inhibitors against Alzheimer’s Disease: Rational Design, Synthesis, In Silico ADMET Prediction, QSAR,
Molecular Docking, DFT, and Molecular Dynamic Simulation Studies. ACS Omega. 2024;9(30):32901-32919.
doi:10.1021/acsomega.4c03679

Lee J, Giannaris PS, Yilmaz CE, Yilmaz G. Emerging biomarkers in ischemic stroke. Vessel Plus. 2025;9:11.
doi:10.20517/2574-1209.2025.58

Rudyk DV, Tutchenko MI, Chub SL, et al. Portal hypertension and emergency care. Wiad Lek. 2024;77(7):1485-
1489. doi:10.36740/WLek202407125

Masna Z, Sergienko V, Zhurakivska O, et al. The problem of “norm” in modern medicine - trends of individual
reconstruction of the human organism and new opportunities of research in the context of academic integrity.
Proceed Shevch Sci Soc Med Sci. 2024;73(1). doi:10.25040/ntsh2024.01.24

Molina LGQ, Guzman CS, Marin JVG, et al. Utility on cardiac remodeling assessment of fetal interven-
tricular septum thickness: Percentile nomogram. Gac Med Caracas. 2025;133(1):145-156. doi:10.47307/
GMC.2025.133.1.13

Affronti A, Quintana E, Castella M. Giant left atrium in previous mitral valve repair. Rev Esp Cardiol.
2023;76(10):833. doi:10.1016/j.recesp.2023.04.005



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Zauresh Akhmetzhanova et al. Changes in NR2ab Antibody Levels in the Blood of Patients Depending on their Condition

Dambinova SA, Weissman JD, Mullins JD. Challenges in using biomarkers in central nervous system applica-
tions. In: Peplow PV, Dambinova SA, Gennarelli TA, Martinez B, eds. Acute Brain Impairment: Scientific Dis-
coveries and Translational Research. CPI Group; 2017:276-288. doi:10.1039/9781788012539-00276
Khasanova DR, Danilova TN. Epilepsy in acute and chronic cerebral ischemia. Sci Healthc. 2016;2:70-83.
doi:10.34689/SH.2016.18.2.005

Zharkinbekova N. Chronic brain ischemia: Review of publications, pathogenetic approaches to therapy. Medi-
cine. 2020;3-4:64-73. doi:10.31082/1728-452X-2020-213-214-3-4-64-73

Usmanova DD, Majhidova YoN. Clinical differences of chronic brain ischemia. Bull South Kazakhstan State
Acad Pharmaceuticals. 2014;3(68(4)):198-200.

Maestrini I, Ducroquet A, Moulin S, et al. Blood biomarkers in the early stage of cerebral ischemia. Rev Neurol.
2016;172(3):198-219. d0i:10.1016/j.neurol.2016.02.003

Demchenko AV. Role of biomarkers in progression of chronic cerebral ischemia. Biol Markers Guid Ther.
2015;2(1):95-106. d0i:10.12988/bmgt.2015.5119

Dolmans LS, Rutten F, Bartelink MLE, et al. Serum biomarkers in patients suspected of transient ischaemic
attack in primary care: A diagnostic accuracy study. BMJ Open. 2019;9(10):e031774. doi:10.1136/bmjo-
pen-2019-031774

Tang X, Xie S, Wang H, et al. The combination of Astragalus membranaceus and ligustrazine mitigates cerebral
ischemia-reperfusion injury via regulating NR2ABB-ERK/CREB signaling. Brain Behav. 2023;13(2):¢2867.
d0i:10.1002/brb3.2867

Gonzélez-Garcia S, Gonzalez-Quevedo A, Hernandez-Diaz Z, et al. Circulating autoantibodies against the
NR2AB peptide of the NMDA receptor are associated with subclinical brain damage in hypertensive patients
with vascular risk conditions. ] Neurol Sci. 2017;375:324-330. doi:10.1016/j.jns.2017.02.028

Debette S, Markus H. The clinical importance of white matter hyperintensities on brain MRI: Systematic re-
view and meta-analysis. BM]J. 2010;341:¢3666. doi:10.1136/bmj.c3666

Wardlaw JM, Smith C, Dichgans M. Mechanisms of sporadic cerebral small vessel disease: Insights from neu-
roimaging. Lancet Neurol. 2013;12(5):483-497. doi:10.1016/S1474-4422(13)70060-7

Wardlaw JM, Smith C, Dichgans M. Small vessel disease: Mechanisms and clinical implications. Lancet Neurol.
2019;18(7):684-696. doi:10.1016/S1474-4422(19)30079-1

Kamtchum-Tatuene J, Jickling GC. Blood biomarkers for stroke diagnosis and management. Neuromolecular
Med. 2019;21(4):344-368. doi:10.1007/s12017-019-08530-0

Stanca DM, Marginean IC, Soritau O, et al. GFAP and antibodies against NMDA receptor subunit NR2 as
biomarkers for acute cerebrovascular diseases. ] Cell Mol Med. 2015;19(9):2253-2261. doi:10.1111/jcmm.12614
Weissman JD, Khunteev GA, Heath R, Dambinova SA. NR2AB antibodies: Risk assessment of TIA/stroke in
patients with isolated and multiple cerebrovascular events. ] Neurol Sci. 2011;300(1-2):97-102. doi:10.1016/j.
jns.2010.09.023

Liang S, Zhang J, Zhang Q, et al. Longitudinal tracing of white matter integrity on diffusion tensor imaging in
chronic and acute cerebral ischemia. Brain Res Bull. 2020;154:135-141. doi:10.1016/j.brainresbull.2019.10.015
Hooper D, Nisar T, McCane D, et al. Severe cerebral small vessel disease burden is associated with poor
outcomes after endovascular thrombectomy in acute ischemic stroke with large vessel occlusion. Cureus.
2021;13(2):e13122. doi:10.7759/cureus.13122

Streifler J, Maillard P. Thrombolysis for acute ischemic stroke in patients with leukoaraiosis: Caution needed.
Neurology. 2017;88(7):612-613. doi:10.1212/WNL.0000000000003620

Ryu WS, Woo SH, Schellingerhout D, et al. Stroke outcomes are worse with larger leukoaraiosis volumes. Brain.
2017;140(1):158-170. d0i:10.1093/brain/aww259

Arsava EM, Rahman R, Rosand J, et al. Severity of leukoaraiosis correlates with clinical outcome after ischemic
stroke. Neurology. 2009;72(16):1403-1410. doi:10.1212/WNL.0b013e3181a18823

Merkhatuly N, Iskanderov AN, Abeuova SB, et al. Synthesis of Push-Pull Azulene-Based Compounds. Eura-
sian ] Chem. 2023;110(2):36-41. doi:10.31489/2959-0663/2-23-8

Ilderbayev OZ, Zharmakhanova GM, Okassova AK, et al. Comparison of the performance of lipoperoxidation-
antioxidant protection system in rats at different periods under immobilization stress effects. Med J Islamic
Repub Iran. 2021;35:1-6. doi:10.47176/mjiri.35.113

115



	Changes in NR2ab Antibody Levels in the Blood of Patients Depending on their Condition: Acute or Chronic Cerebral Ischaemia
	Abstract
	NR2ab antikūnų kiekio pokyčiai pacientų kraujyje priklausomai nuo jų būklės: ūminė arba lėtinė smegenų išemija. Santrauka

	Introduction
	Materials and Methods
	Results
	NR2ab Antibody Levels in Patients with Chronic and Acute Ischaemia
	Prognostic Significance of NR2ab for Differential Diagnosis
	ROC Analysis of NR2ab Diagnostic Accuracy
	Comparison of the Diagnostic Efficiency of NR2ab with Modern Methods

	Discussion
	Conclusions
	Funding
	Conflicts of interest
	Ethics approval and consent to participate
	Author contributions
	References

