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Abstract

Introduction. Cardiovascular diseases remain the leading cause of mortality and disability worldwide, including in
Kazakhstan. Extracorporeal membrane oxygenation (ECMO) is a life-saving treatment for severe cardiopulmonary failure;
however, its use is associated with a high risk of complications, including acute neurological disorders such as strokes.

Objective. To determine the incidence of acute cerebrovascular events (ACE), including ischemic and hemorrhagic
strokes, in patients receiving extracorporeal membrane oxygenation (ECMQ), as well as to identify key risk factors for their
development in the context of clinical practice in Kazakhstan.

Methods. A retrospective analysis was conducted on data from 92 patients hospitalized at the Pavlodar Regional
Cardiology Center between 2015 and 2024. All patients were on ECMO during the intraoperative or postoperative periods.
Study participants were stratified into two cohorts: (1) individuals with acute cerebrovascular events and (2) those without
evidence of cerebrovascular compromise. The analysis included an assessment of demographic data, comorbidities, surgical
characteristics, and postoperative parameters. The study data were obtained through a retrospective analysis of patients'
medical records, including medical histories and electronic databases of the cardiology center. Statistical analysis was
performed using IBM™ SPSS 26.0 software (IBM Corporation, Armonk, NY, 2019).

Results. Neurological complications, including strokes, were identified in 31.5% of patients on ECMO. The main risk
factors were hypertension, smoking, and a history of stroke. It was also found that women and patients with a low left
ventricular ejection fraction were at higher risk. The average length of hospitalization for patients with strokes was 30.2 days,
which exceeded that of patients without strokes (25.6 days).

Conclusion. Strokes remain a significant complication in patients on ECMO, necessitating the development of specific
preventive measures. Identified risk factors, such as hypertension, smoking, and a history of stroke, should be considered in
the development of clinical guidelines. This study highlights the need for further large-scale research to improve the
diagnosis and prevention of strokes in patients on ECMO.

Keywords: extracorporeal membrane oxygenation, acute cerebrovascular event, neurological complications, risk factors
for stroke.
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Beepenue. bonesHu cuctembl kpoBooGpaLLEeHNs OCTAKOTCS BeayLLen NPUYUHON CMEPTHOCTU U MHBANUAHOCTU B MUPE,
BKItoyas KasaxcraH. JkcTpakopnopanbHas membpanHas okcureHaums (SKMO) sensieTcsa cnacaTenbHbIM METOL0M NeYeHus
MpU TSHKENON CepAEYHO-NIErO4HON HEROCTaTOYHOCTH, OQHAKO €€ MPUMEHEHWe CBA3aHO C BbICOKAM PUCKOM OCMOXHEHWIA,
BKITI0Yas OCTpPble HEBPOIOTUYECKNE PACCTPOMCTBA, Takue KaK MHCYNbTbI.

Llenb uccnepoBanma. Onpefenntb 4acToTy OCTPbIX HapyLueHWn Mo3roeoro kpooobGpallenns (OHMK), skniovas
WLLIEMUYECKIE 1 TEMOPPArNYECKUE MHCYMbTbI, Y NALMEHTOB, NOMyYatoLWnX SKCTPAKopnopanbHy MeMBpaHHYI0 OKCUreHaLmto
(3KMO), a Takxe BbISBUTL KNKOYEBbIE (DAKTOPLI PrCKa UX Pa3BUTUS B YCIIOBUSIX KITMHUYECKO NpakTukv KasaxcraHa.

MeToabl. [lpoBedeH pPETPOCMEKTMBHLIN aHann3 AaHHbiX 92 NauMeHTOB, roCmUTanM3vMpoBaHHbIX B [laBnogapckui
obnacTHoit kapamonoriyeckuin LeHTp ¢ 2015 no 2024 rogpl. Bee naumeHTbl Haxogmnueb Ha AKMO B MHTpaonepaLyoHHbIi
WNK NOCNeonepaLnoHHbI nepuofbl. MauneHTbl 6binn pasgeneHsbl Ha gBe rpynnbl: ¢ Hannynem uHcynbta (OHMK) u 6e3
Hero. AHanu3 BKMKoYan oueHky gemorpadmyeckmx AaHHbIX, COMyTCTBYOLWMX 3abornesaHni, 0cOBEHHOCTEN onepauun u
napameTpoB MOCNEONepaLMoHHOro nepuoda. [aHHble Ans UCCNeaoBaHus Obin NOMyYeHbl HAa OCHOBE PETPOCMEKTUBHOMO
aHanuaa MeaMLUMHCKOM [OKyMEHTaUMW NauMeHTOoB, BKMYas WCTopuu OONMesHu 1 3nekTpoHHble 6asbl  AaHHbIX
kapauoueHTpa. CTaTucTuyeckuin aHanus nposoguncs Ha nporpamme IBM™ SPSS 26.0 (IBM Corporation, Armonk, NY
2019).

PesynbTatbl. HeBponormyeckne OCMOXHEHWS, BKMKOYas WHCYMbThl, Obimv BbisBneHsl y 31,5% naumeHTos,
nogkmtodeHHbIX K IKMO. OcHOBHbIMM hakTopamu pucka CTamu runepToHNS, KYPEeHWE W Hamnyue MHCynbTa B aHaMHese.
Takke YCTAHOBNEHO, YTO JKEHLUMHbl M MNauMeHTbl C HW3KOA pakumei Bbibpoca neBoro xenypodka Obinm Gonee
noaBepkeHbl pucky. CpeaHsas NpoJOMKUTENBLHOCTb rOCINTaN3aLnn y NaLnMeHToB ¢ MHCYNbTamm coctasuna 30,2 gHS, YTo
NpeBbILLAET aHaNorMyHbIN NoKasaTenb y NaumMeHToB 6e3 MHCynbToB (25,6 AHS).

BbiBoabl. VHCynbThl OCTAlOTCA 3HauMTENbHbIM OCNOXHEHWeM Yy nauuentoB Ha OKMO, yto Tpebyet paspaboTkm
cneumduyeckux npodunakTuieckux Mep. BbisiBneHHble (akTopbl pucka, Takie Kak rMnepToHUs, KYpeHWe W WHCYNbT B
aHaMmHe3e, JOIMKHbI BbITb Y4TeHbI NPW pa3paboTke KNMHUYECKMX pekoMeHAaLMi. HacTosilee nccnefoBaHue nogyepkueaeTt
HeoOXo4MMOCTb JanbHENLLMX MaclUTabHbIX UCCeAOBaHUA ONS YIyYleHUs NarHoCTUKM U NPOGUNAKTUKA UHCYNbTOB Y
nauuenToB Ha OKMO.

Knroyesble croga: akcmpakopnopanbHasi —MemOpaHHas — OKCUgeHayusi, O0cmpoe — HapyweHue M03208020
KpOBOOBPaLEHUS, HE8POI02UYECKUE OCIIOXHEHUS, (hakmopbl pucka UHCynbma.
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Kipicne. KaH aitHanbim xyieciHiH, aypynapbl anem OoibiHWa, COHbIH, iliHae KasakCTaHaa Aa, eniM MeH MyrefekTiKTiH
Bactbl cebebi Gonbin kana 6Gepedi. OkcTpakopnopanbgbl MembpaHanbik okcureHauus (SKMO) aybip Xypek-ekne
XeTicneyLinirii emaeyae KyTkapy a4ici peTiHae konaaHbinagpl, 6ipak OHbl KONMAAHY OCbIHAAM aCKbIHYNapAblH, XOFapbl
TayekeniMeH 6annaHbICTbl, COHbIH, iLLIHAE MHCYNbT CUSAKTHI XXEeAEN HeBPONOrUANbIK Dy3binynap.

3epTTeyain, Makcatbl. OKCTpakoprnopanbibl MembpaHanblk, okcureHauus (OKMO) anatbiH Haykactapga MM KaH
aliHanbIMbIHbIH, eaen bysbinynapbiH (MKAXE), COHbIH, iLiHAE ULUEMUATBIK XaHE reMopparusifbik UHCYNbTTEPAIH, KUINiriH
aHblkTay, COHAali-aK KasakCTaH KNMHWMKanblK ToxipubeciHoe onapgblH AamyblHAa aCep ETETiH Herisri Tayeken
hakTopnapbiH aHbIKTay.

opicrtepi. 2015-2024 xbingap apanbisbiHaa aenogap 0OMbICTbIK KapAMONOTUSIbIK OpTanblFblHA KaTKbI3blnFaH 92
HayKaCTblH, AepeKTepiHe PETPOCNEKTMBTI Tanaay Xyprisingi. bapnelk, HaykacTapra onepauys kesiHae Hemece onepauusaaH
KeriH akcTpakoprnopangsl MembpaHansik okcureHaums (AKMO) kongaHbingel. Haykactap Mi KaH aniHarmbiMbiHbIH, Xegen
Oysbinynapsl (MKAXB) 6ap xaHe xok TOnmTapra ikTeningi. XyprisinreH Tangay Aemorpadusanbik, KepceTkiTepai,
KOCanKbl aypynapAbl, onepauusHbiH, epeKWwenikTepiH XaHe onepauusgaH KewiHri KeseHHiH, napameTpnepiH KamTblgbl.
3epTTey AepekTepi HaykacTapablH, MeauLMHANbIK KyaTTapblHbIH, PETPOCMEKTUBTI Tanaaybl HEri3iHae anblHabl, OFaH aypy
TapuxTapbl XaHE KapAMOOPTaNbIKTbIH, SNEKTPOHAbIK AepekTep 6asackl kipai. Ctatuctukansik Tangay IBM™ SPSS 26.0
(IBM Corporation, Armonk, NY 2019) 6argapnamacsiHga xyprisingi.

Hatuxeci. SKMO-ra kocbinFaH HaykactapablH, 31,5%-blHAa MHCYNbTTI KOCA anfaHaa, HEBPOMOMMAMbIK aCKbIHynap
aHbikTangbl. Herisri Toyeken cpakTopnapbl peTiHAE TMNEPTOHWS, TeMeKi LUery XoHe WHCYNbTTiH aHamHesge 6onybl
aHbikTangbl. CoHbIMEH KaTap, aiengep XaHe COM XaK KapblHLLAHbIH, TOMEH (paKUMANbIK, WhbiFapbiMbl Bap HaykacTap
Toyekenre Genim ekeHi aHbikTanabl. IHCynbTneH aybipaTbiH HayKacTapAblH opTalla ctauuoHapaa bony ysakTbifbl 30,2 KyH
Bongbl, Byn MHCYNbTCI3 HaykacTapFa KaparaHaa (25,6 kyH) ofapbl kepceTkil 6ongbl.

KopbITbiHAbI. MHcynsT IKMO-Fa KocbinFaH HaykacTapaa MaHpI3abl ackbiHy 6onbin kana 6epegi, 6yn epekiue angbiH
any lwapanapblH a3ipneydi Tanan etedi. [MNepTOHMs, TEeMeki Lery XsHe WHCYMbTTiH, aHamHe3ne Oonybl CUSIKTI
aHbIKTanfaH Tayeken (akToprapbl KIMHWKambIK yCbiHbIMAAPab! a3iprey KesiHae eckepinyi kepek. byn septrey OKMO-fa
KOCbINFAH HaykacTapfa MHCYNbTTi AuarHocTWKanay MeH angbiH anydbl XakcapTy yiliH api Kapal KeH, aykbiMabl
3epTTeynepain, KAXETTINIMH atan eTeai.

Tyliin ce3dep: skcmpakopnopansObi MembpaHarblk OKCUeeHaUUsi, MU KaH aliHanbiMbiHbiH xeden 6y3biiybl,
HE8POI02USIIILIK acKbIHynap, UHCYnbMMmir, mayekesn hakmopnaph!.
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Introduction severe acute respiratory failure when conventional

Globally, disorders of the circulatory system (CSD)  treatments prove ineffective [2]. Despite its high efficacy,
persist as the foremost contributor to premature mortality =~ ECMO is associated with a range of complications.
and loss of functional capacity. Epidemiological data from Studies indicate that 30% to 60% of ECMO patients
the WHO identify cardiovascular diseases (CVD) as the  experience complications, including acute neurological
causative factor in 32% of deaths classified as premature  disorders such as ischemic and hemorrhagic strokes [13,
[13]. In Kazakhstan, the situation is similar: the incidence of ~ 6]. Thrombus formation in 10-15% of patients may lead to
cardiovascular diseases remains high. strokes in 2-6% of cases. Stroke in the context of ECMO

As reported in the 2023 statistical yearbook of the  can arise from various factors related to both procedural
Ministry of Health of the Republic of Kazakhstan (MOH RK),  specifics and patient condition. The primary mechanisms of
the incidence rates per 100,000 population were 657.5 for ~ stroke development include hypoxia, thrombosis, and
coronary artery disease, 122.1 for acute myocardial  bleeding [4, 15].

infarction, and 425.0 for cerebrovascular diseases. The To date, there are no publications in Kazakhstan
overall mortality rate from CSD in 2023 was 155.47 per  describing the incidence of strokes and other complications
100,000 population [10]. among patients undergoing ECMO therapy. This

The number of patients with severe cardiac dysfunction underscores the need for the present study, which aims to
continues to rise, necessitating the use of advanced investigate the frequency of strokes in ECMO patients and
supportive therapies, such as extracorporeal membrane  identify risk factors for their occurrence within the
oxygenation (ECMO) [7]. Kazakhstani clinical setting. Based on the interplay of

Extracorporeal membrane oxygenation (ECMO) is an  unstable hemodynamics, coagulopathies, ECMO circuit-
invasive method used to oxygenate blood in cases of  related factors, and the epidemiological burden of CSD in
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Kazakhstan, we hypothesize that the risk of stroke in this
patient population may be elevated, warranting in-depth
analysis and the development of tailored clinical guidelines
for Kazakhstan. The primary aim of this study was to
assess the frequency of strokes and identify associated risk
factors in adult ECMO patients through a retrospective
analysis of medical records from cardiac care facilities in
the Pavlodar Region.

Materials and Methods

Study Population

The study included 92 patients hospitalized at the
Pavlodar Regional Cardiology Center for cardiac indications
between 2015 and 2024. Participants were aged over 18
years and underwent conservative treatment and cardiac
surgery with subsequent ECMO initiation preoperatively,
intraoperatively, or postoperatively.

Patients were selected from the standardized electronic
medical records database “IMIS” (Integrated Medical
Information System), which contains hospitalization data.
Inclusion criteria were confirmed for ECMO initiation for
cardiac support. Selection was based on age, ECMO use,
and alignment with ICD-10 codes (International
Classification of Diseases, 10th Revision) for relevant
conditions (Figure 1).

The control group comprised patients with confirmed
ECMO initiation but no subsequent acute cerebrovascular
accident (ACVA). This design enabled comparison of
outcomes between patients with stroke and those without,
facilitating identification of ECMO-associated risk factors.

The definiion of ACVA (acute cerebrovascular
accident) followed the American Neurological Association
criteria: an acute condition caused by a sudden reduction or
cessation of blood supply to specific brain regions, leading
to neurological deficits [1]. ACVA includes two main types:
ischemic stroke (due to vascular occlusion and insufficient
blood flow) and hemorrhagic stroke (resulting from vessel
rupture and cerebral hemorrhage) [8].

For analysis, two groups were compared:

1.Group 1 included patients with ACVA occurring after
ECMO initiation, documented in medical records under ICD-
10 codes 160-164.

2.Group 2 consisted of patients receiving ECMO without

ACVA development.
80%

Baseline demographic data included age, sex, body
mass index (BMI), and comorbidities.

Intraoperative parameters assessed were surgery type
and duration, cardiopulmonary bypass time, aortic cross-
clamping duration, and intraoperative blood loss volume.
Postoperative variables included glomerular filtration rate
(GFR), biochemical parameters, ECMO duration, intensive
care unit (ICU) stay length, total hospitalization duration,
cardiac arrest episodes, type and volume of transfused
blood components (e.g., packed red blood cells, fresh
frozen plasma (FFP), and treatment outcomes.

Data were obtained through retrospective analysis of
medical records, including patient histories and the
cardiology center’s electronic database.

Statistical analysis was performed using IBM™ SPSS
26.0 (IBM Corporation, Armonk, NY, 2019).

Total sample:
106 patients

[ l - Excluded: 14
N 4 patients
Inclusion criteria:

*Age over 18 years

*ECMO support
*ICD-10 compliance

|/> [ 92 patients | Q«‘
|
L— ~.

Group without

Group with
stroke: 34 stroke: 58
patients patients

Figure 1. Study population enroliment diagram.

Results

The study included 92 patients hospitalized with
cardiovascular and respiratory pathologies at the Pavlodar
Regional Cardiology Center between 2015 and 2024. Of
these, 31.52% (n=29) were diagnosed with neurological
deficits, including coma (Figure 2).

Neurological Disorders

(Coma, encephalopathies, etc.)

60%

40%

Frequency

20%

0%

Absent

31.52%

Present

Neurological Disorders

Figure 2. Distribution of Patients by Groups with Neurological Deficits.
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Demographic Characteristics

Males accounted for 59.8% (n=55) of the total cohort,
while females represented 40.2% (n=37). Age
characteristics of patients with and without acute
cerebrovascular accident (ACVA) are presented in Table 1.

Statistically significant gender differences were observed in
ACVA patients (p=0.038). However, age, arterial
hypertension levels, coronary artery disease, and heart
failure severity showed no significant intergroup differences
(p>0.05 for all variables).

Table 1.
Preoperative Parameters.
Factors with ACVA (n=29) non-ACVA (n=63) p-value
Female (%) 44 4 55.6
Male (%) 23.6 76.4 0.038
Age (mean) 57.55 59.26 0.545
IHD (%) 290.7 70.3 0.572
CABG/Stent history (%) 15.8 84.2 0.063
DM (%) 20 80 0.172
HTN (%) 311 68.9 0.856
CVA (%) 61.8 38.2 0.001
COPD (%) 26.7 73.3 0.662
CHF (%) 29.2 70.8 0.469
LVEF (%) 50.31 49.93 0.777
MAU (%) 25 75 0.682
Smoking (smokers, %) 12 88 0.004
CKD (%) 30.4 69.6 0.866
The following standard medical abbreviations are used throughout the text: ischemic heart disease (IHD), coronary artery
bypass grafting (CABG), diabetes mellitus (DM), hypertension (HTN), cerebrovascular accident (CVA), chronic
obstructive pulmonary disease (COPD), chronic heart failure (CHF), left ventricular ejection fraction (LVEF),
microalbuminuria (MAU), and chronic kidney disease (CKD). All abbreviations are expanded at their first occurrence in
both abstract and main text.

Neurological Complications

Table 1 demonstrates that among patients with
neurological deficits, 61.8% had hypertensive disease with
ACVA, compared to only 38.2% in the non-ACVA group
(p=0.001). Smoking emerged as a statistically significant
factor (p=0.004), being more prevalent among patients with
neurological deficits. Similarly, statistically significant
differences (p<0.001) were observed between ACVA (61%)

and non-ACVA (38.2%) groups regarding patients with a
history of prior cerebrovascular events.

No statistically significant differences were found in
hospitalization duration. However, non-ACVA patients had
shorter hospital stays (mean 25.6 days) compared to ACVA
patients (mean 30.2 days). ECMO support duration was also
shorter for non-ACVA patients (13.9 days vs 17.6 days), though
this difference lacked statistical significance (Figure 3).

Hospitalization Duration

Bed-days (p-value = 0.494)

ECMO days (p-value = 0.427)

m Stroke = Non-Stroke

Figure 3. Duration of Hospital Stay.

Postoperative Outcomes

Statistically significant differences were observed in
platelet levels, with lower values being more pronounced in
the non-CVA group (p=0.034). The incidence of
cardiopulmonary resuscitation (CPR) was significantly
higher (p=0.040) in patients who developed CVA. No

31

significant intergroup differences were found in; Creatinine
and urea levels, ALT concentrations, complications (acute
left ventricular failure, sepsis, respiratory failure), bleeding
events, blood component transfusions. Mortality rates were
notably high in both groups: 75.9% in CVA patients vs
65.1% in non-CVA patients (Table 2).
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Table 2.
Neurological Complications.
Factors with ACVA (n=29) non-ACVA (n=63) p-value

Thrombocytopenia (%) 35.5 64.5 0.034

Creatinine (mean) 2451 188.4 0.073

Urea (mean) 19 14.7 0.084

ALT (mean) 415.2 414.8 0.999

ALVF (%) 36.4 63.6 0.460
Sepsis/Infection (%) 42.9 57.1 0.327
Respiratory failure (%) 25.7 74.3 0.345

Packed red blood cells (mean) 26.8 234 0.559

FFP (mean) 33 18.3 0.199

Presence of bleeding (%) 27.9 721 0.490
Resuscitation (CPR, %) 411 19 0.040

Outcome (fatal, %) 75.9 65.1 0.306

The following standard medical abbreviations are used throughout the text: alanine aminotransferase (ALT), acute left
ventricular failure (ALVF), fresh frozen plasma (FFP), and cardiopulmonary resuscitation (CPR).

We developed a decision tree model to predict the
probability of cerebrovascular accident (CVA) occurrence
based on risk factors using the CHAID (Chi-squared
Automatic Interaction Detector) method.

The resulting model is presented in Figure 4. The
decision tree contained 5 terminal nodes, whose
characteristics are detailed in Table 3.

The decision tree analysis identified male sex, no
history of ACVA, and left ventricular ejection fraction (LVEF)
>48% as protective factors associated with below-average
CVA risk (reference: 100.0%). Elevated risk profiles
emerged for patients with reduced LVEF, female sex, or
prior ACVA. The model achieved 79.3% sensitivity, 77.8%
specificity, and 78.3% + 4.3% overall predictive accuracy
for ACVA occurrence.

Survival Outcomes

Kaplan-Meier analysis demonstrated that patients with
neurological deficits had significantly longer mean survival
time (44.11 £ 8.69 days, 95% ClI: 27.07-61.16) compared to
those without deficits (35.24 + 4.33 days, 95% CI: 26.76-
43.73). Notably, median survival times showed an inverse
pattern at 24 days (deficit group) versus 28 days (non-

deficit group).

Discussion

Our study revealed that 31.52% of patients on
extracorporeal  membrane  oxygenaton  (ECMO)

experienced acute cerebrovascular accidents (ACVA),
which is consistent with international studies reporting
complication rates ranging from 20% to 50% [15, 13].
Patients who underwent cardiopulmonary resuscitation
(CPR) prior to ECMO initiation had a higher risk of ACVA
(p=0.040), highlighting the role of hypoxia and
hemodynamic instability. Statistically significant risk factors
also included a history of ACVA (p<0.001) and smoking
(p=0.004) [14]. These findings align with international
research and emphasize the need to optimize approaches
for the prevention and early diagnosis of neurological
complications in ECMO patients, particularly in the context
of Kazakhstani clinical practice [3, 10].

ACVA during ECMO may develop due to multiple
factors related to both the procedure itself and the patient's
condition [11]. The underlying mechanism involves three
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primary processes: hypoxia, thrombosis, and hemorrhage
[14, 6].

Our analysis showed that patients with prior CPR
(before ECMO initiation) had a higher incidence of ACVA
(p=0.040), suggesting that hypoxia and hemodynamic
instability contribute to stroke risk in ECMO patients [14].
Patients requiring ECMO are already in critical condition
with severe cardiopulmonary dysfunction [9], which itself
may impair cerebral perfusion.

Among comorbidities and risk factors, hypertension
(p=0.001), prior ACVA (p<0.001), and smoking (p=0.004)
were significantly more prevalent in the ACVA group.
ECMO cannulation and maintenance may also cause blood
pressure fluctuations, altered perfusion, and flow dynamics,
potentially exacerbating cerebral hypoxia and increasing
ischemic stroke risk. Additionally, ECMO requires systemic
anticoagulation (e.g., heparin) to prevent circuit thrombosis
[12]. Microthrombi may form on the oxygenator membrane
or cannulae and embolize to cerebral vessels, causing
ischemic stroke [14].

Statistically significant laboratory findings included lower
platelet counts in non-ACVA patients post-ECMO initiation
(p=0.034), which may increase bleeding risk, including
intracranial hemorrhage—a particular concern during
anticoagulation therapy.

Our study substantially fills knowledge gaps regarding
acute neurological complications (e.g., stroke) in ECMO
patients within Kazakhstani clinical practice. While
international  studies confirm high ECMO-associated
complication rates, including stroke, such data were
previously unavailable for Kazakhstan. Our results
demonstrate that 31.52% of patients developed
neurological deficits, underscoring the significant stroke risk
in this population. These findings emphasize the need for
systematic investigation of ECMO complications in local
practice and may inform preventive strategies to reduce
stroke incidence among ECMO-supported patients.

This study highlights the necessity of evaluating stroke
and other complications in Kazakhstani ECMO patients
[15]. We confirmed that this population faces high risk of
acute neurological events [5]. Crucially, we identified key
stroke risk factors (hypertension, smoking, and prior stroke),
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corroborating international data [14]. These results advance
understanding of ECMO-related pathophysiology and
enable development of targeted screening and prevention
tools [2]. Thus, our research enhances clinical insights and
contributes to evidence-based guidelines for stroke
prevention in Kazakhstani ECMO patients.

Our findings have immediate clinical implications. Male
sex, no prior ACVA, and left ventricular ejection fraction
(LVEF) >48% were associated with lower ACVA risk
compared to the overall cohort. Conversely, reduced LVEF,
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Table 3.
Characteristics of Decision Tree Terminal Nodes.
Ne Presence of Risk Factors Number of Patients Response Rate, Index,
Total With ACVA % %

7 No history of ACVA; Male; LVEF > 48 22 22 100.0% 146.0%

5 No history of ACVA; Male; LVEF <45 13 13 100.0% 146.0%

3 No history of ACVA; Female 20 14 70.0% 102.2%

1 Patients with a history of ACVA 34 13 38.2% 55.8%

6 No history of ACVA; Male; LVEF 45-48 3 1 33.3% 48.7%

Kaplan-Meier Curve
100 oL Neurological
LL Deficit
NO
gl — YES

- 80 L NO - censored

g —+— YES - censored

= 60 L 1
7]
= !
) |

Z e SN

=
“ 20

e
O i
0 20 40 60 80 100 120
Number of Hospital Bed-Days (Admission-Discharge)
Figure 5. Kaplan-Meier Survival Curve
Study Limitations Consistency with Existing Literature

This study has several limitations, including its
retrospective design, which restricts causal inference
between identified risk factors and stroke outcomes due to
unaccounted confounders (e.g., medication regimens,
genetic factors). The modest sample size (n=92) may
further limit statistical power, necessitating cautious
interpretation of the results. These constraints highlight the
need for larger, prospective multicenter studies to validate
and expand upon our findings.

Recommendations for Future Research

To address these limitations and advance our
understanding of stroke risk factors in ECMO patients, we
recommend prospective multicenter studies with larger
cohorts to reduce random variability and enhance statistical
reliability. ~ Future investigations should incorporate
comprehensive biomarker profiling, genetic testing, and
detailed pharmacotherapeutic monitoring to better evaluate
their contributions to stroke pathogenesis. Such an
approach would provide more accurate insights into the
underlying mechanisms of cerebrovascular complications
and identify targeted preventive strategies for this high-risk
population.

Our findings align with global scientific evidence
highlighting elevated stroke risk in ECMO patients. Previous
studies report 2-6% stroke incidence among ECMO
recipients,  primarily  attributed  to  hypoxemia,
thromboembolism, and bleeding complications [1, 15].
While confirming these established risk factors, our data
further identify hypertension and smoking as significant
contributors to stroke development. These results advance
the field by enabling more personalized stroke prevention
strategies for ECMO patients, both in Kazakhstan and other
regions with comparable epidemiological profiles.

Conclusion
Cardiovascular diseases remain the leading cause of
global mortality, including in Kazakhstan. While

extracorporeal membrane oxygenation (ECMO) is an
effective life-support modality, it carries significant
complication risks, particularly stroke. Our study of 92
patients revealed neurological disorders in 31.5% of cases,
underscoring the substantial stroke risk associated with
ECMO therapy.

Key risk factors identified—hypertension, smoking, and
prior stroke history—provide actionable targets for improved
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screening and prevention protocols. Although limited by its
retrospective design and modest sample size, these
findings lay crucial groundwork for future large-scale
prospective studies.

These findings provide clinically relevant data to refine
stroke prediction models and optimize management
strategies, which may lead to a reduction in cerebrovascular
complications and better outcomes for ECMO patients in
Kazakhstan.
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