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Objective: To date the complex interplay of predictors of stroke-associated mortality have been stated. Despite the abundancy
of literature data on stroke-associated mortality, little is known about the predictors of early post-stroke mortality in developing
countries. In this study, we aimed to analyze predictors of in-hospital stroke-associated mortality in Kyrgyz patients.

Methods: Research design - retrospective, cross-sectional. Retrospective findings from medical records of 64 patients with
hemorrhagic stroke (HS) were used for study. Collected data included clinical, laboratory, neuroimaging parameters, as well
as autopsy protocols, which could be associated with a stroke-associated mortality in patients hospitalized in the tertiary
care center with distinct stroke department. All patients were divided into 2 groups: deceased and survived ones. Initially
comparison tests were applied for groups. Then multiple regression analysis was conducted to determine predictors of stroke
associated mortality.

Results: The study included patients with the following clinical subtypes: 12 patients were with subarachnoid hemorrhage
(SAH), 42 patients with intracerebral hemorrhage (ICH) and 10 patients with combined (SAH+ICH) HS.

Our study showed that the severe disorder of consciousness (coma) (66%-5.7%, p<0.001), impaired functioning of vital organs
(hypoxemia 62%-11.4% - p<0.001; tachycardia — 51%-14.3% - p<0.006), the need for ventilator support and catheterization of
the bladder (100% - 0% - p<0.001), neuroimaging picture of threatening cerebral edema with signs of its insertion (50%-20% -
p<0.006) and expansion of hematoma into the ventricular system (60%-20% - p<0.006), hyperglycemia (65%-16.7% - p<0.001)
and hyperthermia (55%-2.9% - p<0.001), as well as impaired kidney function (65%-16.7% - p<0.001) were significantly more
common in mortality groups than in survived patients. Multiple regression analysis demonstrated that only systolic blood
pressure level was associated with better survival (OR - 0.04, 95%Cl 0.93-0.99, p=0.01).

Conclusions: Thus, as our research shows, that severe unconsciousness, the expansion of hematoma into the ventricular
system, progressive cerebral edema with dislocation of medial structures and impairment of the brain, multi-organ insufficiency,
tachypnoe/bradypnoe, tachycardia/bradycardia, diabetes mellitus and increased level of cholesterol were more common in HS
patients with in-hospital mortality as compared to survivors. The only significant predictor of in-hospital stroke associated
mortality among clinical and laboratory variables was systolic blood pressure at onset, low oxygen saturation had borderline
significance.
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Graphical abstract

Clinical and neuroimaging predictors of early hospital mortality in patients with hemorrhagic stroke

Introduction

Inevitably, stroke remains one of the deadliest conditions
globally with higher mortality and post-stroke sequelae.
According to Bishkek Stroke Registry (BSR) the stroke
incidence is 2.6-2.67 cases per 1000 population, with a total
mortality rate of 1.17, whereas in-hospital mortality (IHM)
is of 14.3%, and extra-hospital mortality (EHM) rate during
prehospital stage of management is 51.3%. The incidence of
ischemic stroke (IS) is 1.87 per 1000 population (men - 1.64,
women - 2.06), while for acute hemorrhagic stroke (AHS), itis
0.54 per 1000 population. Despite the lower incidence rates
of AHS in contrast to AIS (1.9 vs 0.5 per 1000, respectively),
former is associated with higher mortality rates (54.4% vs
3.8% respectively) (3).

As a rule, almost all patients necessitate hospitalization into
specialized intensive care units, which is usually termed as
stroke units. According to a recent study, 35% of patients
with a hemorrhagic stroke die within 7 days of a stroke, and
about 50% of patients - within 30 days. Early prediction of
mortality and identification of associated factors is essential
for in-time decision making in comprehensive management
with targeted interventions (9).

Early prediction of mortality and identification of factors
related to the mortality of patients with hemorrhagic stroke
in the intensive care unit can potentially reduce the mortality

rate through targeted interventions.

As stated by epidemiological analysis of stroke in Kyrgyz
Republic (KR), not everything is known about of predictors
of AHS-associated IHM.

Therefore, in this article we aimed to perform comprehensive
analysis of clinical, laboratory and imaging predictors of in-
hospital mortality in AHS patients.

Methods
Study design and population

Research design - retrospective, cross-sectional.

The medical records of patients hospitalized in stroke
units of National Hospital of Ministry of Healthcare of KR
(NHMHKR) were analyzed. Patients data from January
to June of 2021 was included into the study. Patients
were subcategorized into deceased and survived groups.
Inclusion criteria consisted of any adult patient from all over
the regions of KR; with emergent hospitalization into stroke
department via ambulance line or transferred from other
healthcare institutions within 24 hours after establishment
of AHS diagnosis; diagnosed in accordance with World
Health Organization (WHO) guidelines and documented
by neuroimaging; any clinical forms of AHS, i.e. primary or
recurrent, and regardless of complications during admission.
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Patientsyoungerthan 18years;whosedeathwasdocumented
within 24 hours and/or due to other comorbid causes before
the neuroimaging confirmation; patients with hemorrhagic
transformation of ischemic stroke (IS), neoplasia-associated
or trauma-related bleeding were excluded from study.

Informed consent was obtained from patients for all
procedures. As to retrospective design of the study, the Ethic
committee approval was not sought.

Operational definitions

In-hospital mortality was defined as all in-hospital stroke
mortality from all types of stroke occurred in the follow-up
period (10).

Hypertension: Any hypertensive condition regardless of
type (symptomatic vs essential), stage, severity (urgency vs
emergency), onset (new-onset vs long-standing), control
(controlled vs uncontrolled) when blood pressure (BP)
exceed 140/90 mmHg was defined as hypertension. Stage Il
arterial hypertension defined from AHA 2017 guidelines (11).

Obesity: Both obesity and overweight cases included when
BMI exceeded 25 kg/m2 according to Quotelet formula (12).

Coronary artery disease: Any form of coronary artery
disease detected during first medical contact, regardless of
anamnestic and documental considerations (13).

Pneumonia: Lung infection diagnosed through clinical
examination (crackles, ronchi) and documented by imaging
regardless of cause and severity (14).

Diabetes mellitus: Diabetic blood glucose level consistent
with lab definitions of current ADA guidelines, regardless of
treatment and HbA1c status (15).

Chronic kidney disease was defined according to current
KDIGO guidelines, regardless of therapy (16).

Cerebral symptoms are common nonspecific symptoms,
such as diffuse headache, syncope etc.

Focal symptoms: Any form of focal neurological deficits;

Tachypnea was accepted when respiratory rate exceeded 20
beats per minute (17).

Hypoxemia was accepted when non-invasive oxygen
saturation was measured less than 95% during daytime and
less than 92% during night-time (18).

Tachycardia was accepted when resting heart rate exceeded
100 beats per minute

GCS: it measures the level of consciousness categorized as
normal/mild impairment GCS (13-15), moderate impairment
GCS (9-12), and severe impairment GCS (3-8) (19).

Demographic and clinical data

The standard demographic data including age, gender,
ethnicity, place of residence were identified. Baseline vital
signs including blood pressure, heart rate, pulse oxymetry
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recordings obtained. A detailed history including stroke
severity, risk factors and comorbidities was noted. Glasgow
coma scale and other tests were implied for patients
presented with debilitated or comatose states.

Neuroimaging data

Non-contrast computed tomography (CT) is the gold
standard of imaging for the diagnosis of intracerebral
hemorrhage, but magnetic resonance tomography (MRI)
was performed in most patients with fluid-attenuated
inversion recovery (FLAIR) and diffusion-weighted imaging
(DWI) regimens. Interventional CT angiography was
performed only for those patients who were potential
candidates for surgical examination after consultation with a
neurosurgeon. However, these patients were not included in
the study, as the causes of death could be related to surgery
and its complications. Therefore, mostly patients underwent
contrast-free MR angiography.

The following variables were assessed as hematoma, arterial
aneurysm, brain herniation, white matter gliotic changes,
dislocation syndrome, bleeding, and arterio-venous
malformation.

Statistical analysis

For statistical analysis SPSS 23 (IBM, New-York, USA) and
Stata 16, (StataCorp, Texas, USA) tools were used. The
independent samples t-test and Chi-square test were used
initially for comparative study of deceased and survived
patients. Then multiple logistic regression was conducted
for predictor analysis. The categorical variables denoted by
absolute count and percentage, whereas metric variables
depicted via mean, standard deviation, median, minimal and
maximal range values. Statistical significance was adjusted
for p-value of less than 0.05, confidence interval by 95%.

Results

A total of seventy-one patients were included into the study.
Due to lack of inclusion criteria, three patients were excluded
from the study. The patients further were classified into two
groups based on IHM during hospital period: survived (n=35)
and non-survived (n=29) (Fig. 1). Each clinical, laboratory,
imaging findings were separately analyzed.

Baseline demographics, clinical signs and comorbid
conditions

Clinical-demographic characteristics of survived and non-
survived patients during first admission are comparatively
highlighted in Table 1.

A classical atherosclerosis-associated disease, including
hypertension, coronary artery disease and obesity frequently
observed in both groups, despite the lack of statistical
difference. Only diabetes showed significant difference
among groups (27.6% vs 5.7%, p=0.01).

Admission physical findings revealed the significant
differences in diastolic blood pressure in survived and
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Total patients admitted to stroke
department from January 1/2021 to
June 31/2021:

86

Fulfilling Inclusion Criteria — available
in record room orders:

64 patients

By using simple random sampling
(computer generated random
number)

Excluded: 3 patients

1.0ther medical condition, Age <18:
1 patients

2.Not available MRI/CT in the record
room: 2 patients

Deceased 29 (n=29)

Survived (n=35)

Figure 1. Flowchart of study according to STROBE guidelines.

deceased populations (p <0.001). Similarly, the average
systolic blood pressure was higher in survived group
compared to deceased one, however statistical significance
was not noted (p=0.61). Furthermore, most of the survived
patients were diagnosed by stage Il arterial hypertension
according to AHA 2017 guidelines (32 vs 24 cases,
respectively; p<0.001). The fever was observed in sixteen
cases of non-survived patients, whereas only single patient
presented with fever in survived group (p<0.001). All
vital signs upon admission differed significantly between
groups despite the limited cases, tachypnea was noted in 7,
hypoxemia in 18 and symptomatic tachycardia in 15 cases of
non-survived patients.

Rest of the demographic data, including gender, age,
ethnicity, accommodation did not reveal statistical
significance. Strikingly, almost all patients in both groups
were non-compliant with their antihypertensive treatment

with various forms, such as untreated, unrecognized or
incompliant.

Stroke-specific clinical, neuroimaging variables and
acute complications

Clinical and neuroimaging parameters including acute
period complications of AHS among groups are cshown in
Table 2.

Most of the patients could not complain to altered
consciousness or speech problems, therefore ideal
anamnestic information could not be gained. From non-
survived patients only four of them presented by headache
of various degree. Whereas, in the structure of complaints
of survived group, 11 had headache, 6 had limb weakness;
in addition to headache, 5 of them had speech problems
including aphasia. Nausea and vomiting were noted in only
two cases.
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Table 1. Baseline demographics, clinical signs and comorbid conditions

Variables Deceased (n=29) Survived (n=35) p

Sex, male 13 (44.8) 14 (40) 0.69

Age, years 59.8(15.5) 58.7(12.9) 0.76
64 (31-86) 58 (34-85)

WHO age gradation, n(%)

Young (18-44) 7(24.1) 6(17.1) 0.66

Middle age (45-59) 6(20.7) 12 (34.3)

Old (60-74) 12 (41.4) 13 (37.1)

Senile (75-90) 4(13.8) 4(11.4)

Turcic-speaking ethnicity, n(%) 22 (75.8) 31(88.5) 0.18

Urban residents, n(%) 14(48.2) 9(25.7) 0.06

DBP, mmHg 85.8 (15.6) 98(17.2) <0.001

SBP, mmHg 145.5 (13.5) 180.5 (34.0) <0.001

Fever, n(%) 16(55.1) 1(2.8) <0.001

Abnormal RR, n(%) 8(27.5) 2(5.7) 0.01

Abnormal HR, n(%) 11(37.9) 28(80) <0.001

Abnormal SPO2, n(%) 11(37.9) 31(88.5) <0.001

HTN, n(%) 25 (86.2) 33(94.2) 0.27

Stage Il HTN, n(%) 11(37.9) 31(88.5) <0.001

Treatment compliance, n(%) 0.15

Untreated 13 (44.8) 24 (68.6)

Incompliant 8(27.6) 5(14.3)

Unexamined 8(27.6) 6(17.1)

Obesity, n(%) 11(37.9) 15 (42.8) 0.69

CAD, n(%) 25 (86.2) 32(91.4) 0.50

Pneumonia, n(%) 4(13.8) 5(14.3) 0.95

DM, n(%) 33(94.2) 21(72.4) 0.01

CKD, n(%) 7 (24.1) 14 (40) 0.17

COVID-19, n(%) 4(13.7) 2(5.7) 0.27

Combination of comorbidities, 0.7

n(%) 3(10.3) 4(11.4)

Single 14(48.2) 12(34.2)

Double 7 (24.1) 12(34.2)

Triple 5(17.2) 7(20)

Quadruple
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The neurological examination revealed existence of all four
classical symptom complexes: cerebral, focal, meningeal
and symptoms of secondary brain stem involvement. Cross-
tab analysis revealed statistically significant differences of
occurrences of these symptoms among groups (p<0.001).
In seventeen cases of non-survived patients, severe clinical
symptoms were developed including combination of
cerebral, focal, meningeal and medullary signs whereas
only 6 cases had the similar pattern in survived group.
Furthermore, survived patients mostly presented by
combined form of either cerebral and focal (n=11) or cerebral
and meningeal (n=12) symptoms. Isolated symptoms were
seen rarely in both groups. In the structure of cerebral
symptoms, loss of consciousness was found significantly
different among groups (p<0.001). Most of the non-survived
patients developed deep coma states in contrast to survived
ones. For instance, coma stage 1 was observed in 9, coma
stage 2 in 8 and sopor in 6 cases of non-survived group.
Whereas, most of survived patients were conscious (n=10)
and presented by mild alteration of consciousness (n=19).

Analysis of cerebral and extra-cerebral complications
of stroke revealed statistically significant differences.
In non-survived group, the most prevalent sequel was
intraventricular bleeding with 12 cases then followed by 9
cases of cerebral edema and combinations of extra-cerebral
complications in 8 cases. Among the survived group of
patients 17 cases did not show any kind of complications,
10 of them presented by intraventricular bleeding and some
isolated complications.

Magnetic resonance imaging has the same accuracy for the
diagnosis of acute intracerebral hemorrhage as routine CT,
and surpasses CT in the difference between intracerebral
hemorrhage and hemorrhagic transformation after acute
ischemic stroke. Gradient echo sequences of MRI can
identify microbleeding in the parenchyma of the brain,
as well as blood products that represent chronic lesions
and cavernomas - i.e., such findings that, as a rule, cannot
be diagnosed by non-contrast tomography (20). An acute
hematoma is noted on the head tomogram in T1 regimen
as an area of increased density inside the parenchyma with
surrounding hypodensity, which indicates perivascular
edema (21).

According to neurovizualization imaging volume of cerebral
hematoma varied as follows: small-sized (less than 30 mm3),
medium-sized (30-50 mm3) and large (more than 50 mm3)
(Fig. 2). Despite the statistically non-significant findings
(p=0.42), the non-survived group revealed predominantly
large-sized (n=11) and medium-sized (n=10) hematomas.
Strikingly, arterial aneurysms frequently seen in survived
ones. Furthermore, arterio-venous malformation was
detected in single case of survived group. White matter
gliotic changes, as the universal response to stroke injury of
central nervous system were noted in 32 cases of survived
and 23 cases of non-survived patients without significant
difference. The dislocation syndrome, a very devastating
pattern of brain damage mostly visualized in non-survived
group in 13 cases of compressed and 3 cases of non-
compressed type.Only 7 patients developed brain herniation
with compression in survived group.

TE: 117
TR: 8000
FLAIR AXFS

Figure 2. In the superior temporal gyrus on the left an intracerebral hematoma is shown (wide arrow) measuring up
to 28*20*9 mm, with a hypointense magnetic resonance signal in the center and an enhanced rim on T2 DWI and
FLAIR, isointensive in the center and a moderately hypointense rim on T1 DWI, moderate perifocal edema (narrow

arrow) ( left - coronal plane, right - axial plane, FLAIR)

Therapeutic interventions in hemorrhagic stroke are aimed
at treating complications of the acute/subacute phase, such
as mass effect due to hemorrhage and edema, secondary
ischemia, increased intracranial pressure (ICP) and increased

hematoma volume, as well as eliminating the long-term
effects of stroke, such as deep vein thrombosis, infection or
recurrence of bleeding.

268



Heart, Vessels and Transplantation 2024; 8: 263-76
Predictors of stroke associated mortality in AHS

Bakaeva et al.

Table 2. Stroke-specific clinical, neuroimaging variables and acute complications

Variables Deceased (n=29) Survived (n=35) P
Hospitalization time, n (%)

Within 4-5 hours 21(72.4) 14(40) 0.02
Within 24hours 3(10.3) 4(11.4)

Within 48hours 5(17.2) 17(48.5)

Disease-onset, daytime, n (%) 0.02
Morning 7 (24.1) 4(11.4)

Day 5(17.2) 7 (20.0)

Evening 11(37.9) 6(17.1)

Night 4(13.8) 4(11.4)

Disease onset, acute, n (%) 25(86.2) 35(100) 0.02
Disease onset, background, n (%) 0.06
sleepy state 3(10.3) 5(14.3)

awake time 5(17.2) 13(37.1)

physical exertion 1(3.4) 3(8.6)

emotional exertion 0(0.0) 3(8.6)

alcohol intake 3(10.3) 2(5.7)

unknown 17(58.6) 9(25.7)

Disease onset, hypertensive, n (%) | 28(96.5) 33(94.2) 0.65
Neurological status on <0.001
admission, n (%) 7 (15.6) 28 (62.2)

1) Focal symptoms 25 (55.6) 17 (37.8)

2) Cerebral + Focal 12(26.7) 0

3) Focal + Cerebral + Meningeal |1 (2.2%) 0

4) General + Focal + Stem

Disease onset, symptoms, n (%) 0.02
Cerebral 17 (58.6) 17 (48.6)

Focal 0 5(14.3)

Mixed 8(27.6 13 (37.

Complaints upon presentation, <0.001
n (%) 31(68.9) 5(11.1)

Impossible to complaint1 0 2(2.2)

Headache 2 (4.4) 9(20)

Kinetic problems2 4(8.9) 5(11.1)

Speech problems 5(11.1) 22 (48.9)

Speech and kinetic problems 3(6.7) 2 (4.4)

Speech, kinetic and swallowing

Dislocation syndrome, n (%) 14 (48.2%) 7 (20%) <0.05
Focal deficit, n (%) 29(100) 26(76.4) 0.005
Focal symptoms, n (%) 0.25
1) Hemiplegia 21 (46.7) 25 (55.6)

2) Speech disorder 2(4.4) 2 (4.4)

3) Hemiplegia + Oculomotor 2(4.4) 0

4) Hemiplegia + Aphasia 11(24.4) 16 (35.6)

5) Alternating Syndrome 2(4.4) 2(44)

6) Cerebellar symptoms 1(2.2) 0

7) Others 2(4.4) 0

8) Tetraparesis + Bulbar 2(4.4) 0

syndrome 2(4.4) 0

9) Tetraparesis

Focal neurological symptoms, 20(71,4) 23(65.7) 0.62
n (%)

Meningeal symptoms, n (%) 19(65.5) 19(54.2) 0.36
Cerebral symptoms, n (%) 29(100) 31(88.5) 0.06
SAH, n(%) 8(27.5) 14(40) 0.29
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Table 2. Stroke-specific clinical, neuroimaging variables and acute complications (continued from page 269)
Variables Deceased (n=29) Survived (n=35) p

ICB, n (%) 24(82.7) 26(74.2) 0.41

IVH, n (%) 23(79.3) 16(45.7) 0.006
Hematoma size, mm? 34.51(12.40) 28.31(43.93) 0.18
Large hematoma, n (%) 12 (41.3) 9(25.7) 0.18
White matter degeneration 23(79.3) 32(91.4) 0.16
(gliosis) , n (%)

Primary stroke, n (%) 27(93.1) 28(80) 0.13
Recurrent HS, n (%) 5(17.2) 6(17.1) 0.99
Complications, n (%) 29(100) 18(51.4) <0.001
Combined complications, n (%) | 17(58.6) 2(5.7) <0.001
Non-neurological , n (%) 16(55.1) 2(5.7) <0.001
Brain edema, n (%) 25(86.2) 4(11.4) <0.001
ACS, n (%) 5(17.2) 0 0.01

AKI, n (%) 3(10.3) 0 0.05
Opportunistic infections, n (%) 4(13.7) 0 0.02
Length of hospital stay, n (%) <0.001

Up to 1 day 3(10.3) 3(8.6)

Up to 3 days 5(17.2) 0

Up to 1 week 13 (44.8) 6(17.1)

Up to 2 weeks 4(13.8) 22 (62.9)

Over 2 weeks 4(13.8) 4(11.4)

GCS, points 7.6 (2.5) 11.1 (2.5) <0.001
UC insertion9, n (%) 29 (100) 11(31.4) <0.001
MV need, n (%) 22 (75.8) 0 <0.001
Data are presented as mean (SD) and n(%)

ACS - acute coronary syndrome, AKI — acute kidney injury, GCS — Glasgow Coma Scale, HS — hemorrhagic stroke, ICB - intracerebral
(parenchymatous) bleeding, IVH - intraventricular hemorrhage, SAH - subarachnoid hemorrhage, MV - mechanical ventilation, UC -
urinary catheter

'Impossible to collect anamnesis due to motor or sensory aphasia;

Any form of focal deficits manifested as kinetic problems, hemiplegia, hyperkinesia etc,;

3Abrupt onset of disease which necessitated immediate call of ambulance and prompt medical intervention;
4Cerebral symptoms are common nonspecific symptoms, such as diffuse headache, syncope etc.;

5Any form of focal neurological deficits;

STachypnea was accepted when respiratory rate exceeded 20 beats per minute;

’Hypoxemia was accepted when non-invasive oxygen saturation measured less than 95% during daytime and less than 92% during night-
time;

8Tachycardia was accepted when resting heart rate exceeded 100 beats per minute

°Urinary catheter inserted upon arrival to stroke unit due to autonomic pelvic dysregulations

Laboratory and clinical investigations

The laboratory and other imaging findings, such as chest
radiography, electrocardiographic and transthoracic
echocardiographic findings are presented in Tables 3. When
studying the main components of the general blood test,
there was also no statistically significant difference between
the study groups (p>0.05). It should be noted that the
average values of the main blood components do not differ
significantly from the reference norm.

Laboratory findings revealed different results in terms of
blood glucose level and total cholesterol. Blood glucose
levels were significantly higher in deceased population in
contrast to surviving ones (p=0.01). The structure of glycemic
profile revealed unequivocal findings, both mild and severe
hyperglycemic cases registered frequently in non-survived

group.
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Table 3. Laboratory, CXR, TTE and ECG findings

Variables Deceased (n=29) Survived (n=35) P

Hemoglobin, g/L 130.4(19.8) 139.1(19.7) 0.09
132 (88-175) 142 (87-182)

Erythrocytes, 10" 4.8(0.9) 4.6(0.6) 0.28
4.8 (2.8-6.7) 4.6 (2.9-6.2)

Leukocytes, 10° 9.2(3.8) 8.2(3.1) 0.29
7 (4-16) 8(3.7-21)

Segments, % 67.9(10.9) 70.8(9.2) 0.26
67 (51-88) 72 (54-92)

Lymphocytes, % 30.7(7.9) 26.6(11.1) 0,12
34 (10-39) 25 (6-48)

Thrombocytes, 103 241.9(38) 254.3(72.9) 0,44
239 (185-320) 250 (83-443)

ESR, mm/hour 11(10.2) 14.3(11.5) 0.23
7 (2-46) 10 (2-45)

Urine protein, 0.13(0.26) 0.11(0.24 0.77

Leukocytes (urine), 7.2(9.9) 7.0(7.9) 0.92
2(2-30) 3(1-30)

Erythrocytes (urine) 4.0(8.7) 2.6(6.0) 0.44
0 (0-30) 0 (0-25)

Bacteria (urine), 0.5(0.9 0.1(0.5) 0.07
0(0-3) 0(0-3)

Glucose, mmol/L 7.9(3.08) 5.6(1.5) <0.001
7.8 (4-15) 5.5(3.8-15)

Total cholesterol, mmol/L 5.3(1.3) 4.3(0.9) <0.001
49 (3.2-7.5) 4.3 (1.9-6.8)

AST, mmol/L 23.8(12.5) 22.3(14.8) 0.68 26.3(14.1
18 (12-56) 18.9 (10-81) 20(13-62)

ALT, mmol/L 26.3(14.1 23.2(19.8) 0,47
20(13-62) 17 (10-92)

Creatinine, mcmol/L 180.6(101.0) 98.2(37.8) <0.001
178 (54-430) 88 (59-210)

Fibrinogen, mmol/L 3680.6(945.2) 3617.7(772.7) 0.77
3667 (1888-5665) 3554 (2004-5772)

PTI, % 99.2(17.3) 91.2(11.9) 0.03
98 (68-120) 90 (69-121)

TTE, n(%) 0.33

Normal 4(13.7) 10(28.5)

Abnormal 4(13.7) 3(8.5)

No data 21(72.4) 22(62.8)

CXR, n(%) 27(77.1) 0.03

Normal 15(51.7) 8(22.8)

Abnormal 14(48.2)

ECG, n(%) 4(13.7) 23(65.7) <0.001

Normal 25(86.2) 12(34.2)

Abnormal

ALT - alanine aminotransferase, AST — aspartate aminotransferase, CXR — chest X-ray, ECG —electrocardiogram, ESR - erythrocyte
sedimentation rate, TTE - transthoracic echocardiography, PTI - prothrombin index
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Kidney function tests revealed substantial changes in
both patient’s groups. Creatinine level was presented by
significant difference among groups ((180.6 (101.0) vs 98.2
(37.8) mcmol/l, p<0.001)). Furthermore, increased blood
urea nitrogen and urea were mostly observed in deceased
group (19 vs 4 cases, p<0.001).

Fat metabolism was assessed by the level of total cholesterol,
the level of which was slightly increased when compared
with the reference norm and its values were significantly
higher in deceased individuals and amounted to 5.3 (1.3)
mmol/l, while in living individuals its values remained within
normal limits and amounted to 4.3 (0.9_ mmol/L (P<0.001).
Hypercholesterolemia occurred in 1/3 of the group of
deceased (n=10-34.5%), whereas in living individuals it
occurred less frequently (4 - 11.4%).

The hemostasiogram and the nature of hemostasis disorders
were also analyzed according to fibrinogen, prothrombin
index (PTI) and other indicators. Thus, when compared with
the group of deceased, the level of fibrinogen did not differ
significantly from the level of the group of living persons and
did not exceed the reference values, although there was a
statistically significant difference between the groups for PTI
(p=0.03). Attention is drawn to the analysis of deviations in
the hemostasiogram by the fact that in deceased persons,
disorders in hemostasis shifted towards hypercoagulation
and were 3 times more common (n=12-41.4%) than
among living persons (n=4-11.4%), hypocoagulation, on
the contrary, was significantly found in deceased patients
less frequently (n=8 - 22.9%) than in surviving patients (n=
4 - 13.9%), signs of disseminated intravascular coagulation
syndrome were found only in 3 deceased (10.3%) patients.

The analysis of hemodynamics by echocardiography did
not reveal a statistically significant difference between the
study groups. Echocardiograms most often showed signs
of atherosclerotic damage to the valves and aorta, signs
of left ventricular failure or diastolic dysfunction of the left
ventricle. In isolated cases, rhythm disturbances in the form
of atrial fibrillation in combination with atherosclerosis and
signs of acute coronary syndrome (left ventricular myocardial
infarction) were detected.

A similar pattern was observed with respect to the chest X-ray
when comparing the main and control groups. There was no
statistically significant difference between the groups. The
most common was a normal picture of the chest organs,
which was more typical for survivors (n=27 - 77.1%), a normal
picture of chest organs in the deceased occurred in half of
the group of deceased (n=15 - 51.7%). Signs of the following
pathological conditions were observed significantly less
frequently in both groups with different frequency: unilateral
lobular pneumonia, bilateral pneumonia, residual effects
of tuberculosis (both pulmonary and intrathoracic node),
pneumofibrosis, and active pulmonary tuberculosis.

Clinical, laboratory and imaging predictors of stroke-
associated in-hospital mortality of patients with AHS

Multivariate logistic regression analysis of risk factors
for death in the early post-stroke period in patients with
hemorrhagic stroke: death was defined as dependent
variables and increased systolic blood pressure,tachypnoe/
bradypnoe, tachycardia/ bradycardia, decreased saturation
in the onset of stroke, associated diabetes mellitus, huge
size of hematoma, total cholesterol, prothrombin index were
defined as independent variables (Table 4).

Table 4. Assignment of independent variables

Independent variable Assignment

Independent variable

Assignment

Onset SBP Yes =1,no =0 GCS scores Continuous variable
Onset RR Yes =1, no =0 Cholesterol Continuous variable
Onset HR Yes =1, no =0 PTI Continuous variable
Onset SPO2 Yes =1, no =0

Diabetes Mellitus Yes =1, no =0

Hematoma Size Yes =1, no =0

SBP — systolic blood pressure, RR - respiratory rate, HR — heart rate, SPO2 — saturation pressure 02, GCS - Glasgow coma scale, PTI -

prothrombin index

272



Heart, Vessels and Transplantation 2024; 8: 263-76
Predictors of stroke associated mortality in AHS

Bakaeva et al.

Table 5. Multiple regression analysis of clinical and laboratory data as predictors of in-hospital death

Variables OR Standard error z/x2 value p 95% Cl
Onset SBP 0.94 0.02 -2.35 0.01 0.90 - 0.99
Onset RR 2.68 4.28 0.62 0.53 0.11-61.18
Onset HR 3.27 4.62 0.84 0.39 0.20-51.9
Onset SPO2 0.07 0.10 -1,80 0.07 0.004 - 1.26
Diabetes mellitus 25.4 52.04 1.59 0.11 0.46 - 1395
Hematoma 0.81 0.86 -0.20 0.84 0.09 - 6.60
GCS scores 0.83 0.17 -0.85 0.39 0.54-1.26
CHOL 2.23 1.36 1.32 0.18 0.67 - 7.42
PTI 0.99 0.02 -0.15 0.87 0.94-1.05
CHOL - cholesterol, Cl - confidence interval, GCS - Glasgow coma scale, HR - heart rate, OR — odds ratio, PTI - prothrombin index, RR -
respiratory rate, SBP - systolic blood pressure, SPO2 - saturation pressure O2

As can be seen from Table 5 among all variables entered
in the model, only high systolic blood pressure at onset
of stroke was significant predictor of survival (OR 0.94,
95%Cl 0.90-0.99, p=0.01) and low oxygen saturation had
borderline predictive value in prediction of death (p=0.07.)
All other variables as SPO2 at onset of stroke, hematoma
size, Glasgow coma score, heart rate and respiratory rate,
coagulation parameter despite being significantly impaired
in univariate analysis (Tables 1-3) did not sustain predictive
value in multiple analysis model.

Discussion

Hemorrhagic stroke is one of the main causes of death and
the main cause of disability worldwide and including Kyrgyz
Republic (3, 8). According to a recent study, 35% of patients
with a hemorrhagic stroke die within 7 days of a stroke, and
about 50% of patients within 30 days. Practically all patients
necessitate hospitalization into intensive care units. Early
prediction of mortality and identification of associated
factors have the potential to improve survival through
targeted interventions (9).

In our study, both deceased and surviving patients in 4/5 had
moderate to large-sized hematomas, which caused acute
neurological syndromes (general cerebral, focal, meningeal,
stem).

Despite the same proportion of patients with medium
to large-sized hematomas, the symptoms differed in the
comparison groups. For example, deceased patients are
reliably more likely to have severe cognitive impairment in
the form of a sopor or coma (79.3% of cases), while survivors
are reliably more likely (82.9% of cases) to have clear
consciousness or a low level of unconsciousness (stunning).
Other authors (22), who observed adverse outcomes in
patients with large-scale hematomas, also point to the
association of impairment with adverse clinical outcomes.
Cognitive impairment is a consequence of increased
intracranial pressure with compression or deformation of
the reticular activating system, thalamus and brain stem (23).

Another feature of the deceased group is that they are
reliably more likely to show signs of impaired functioning
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of vital organs and metabolism, resulting in conditions
such as tachypnoe, hypoxia, tachycardia, hypertension and
hyperthermia with hyperglycemia. All these conditions
were observed in the main group patients. The appearance
of this kind of disorders is explained by involvement in the
pathological process of the centers of vegetative control as a
consequence of either direct topical «<neighbourhood» of the
hematoma itself with the structures of the limbico-reticular
complex, or progressive cerebral edema and impairment
of vital centres located in the brain stem (24). Rapid clinical
evolution of symptoms can occur within a few hours with
the development of acute reactive intracranial hypertension,
which, according to the authors, is particularly noticeable
with medium- to high-magnitude (25).

Severe hypoxemia and severe unconsciousness also caused
80% of deceased patients to have access to ventilators at
different times after admission. The link between the need to
use a ventilator and high mortality is also indicated by other
authors. Thus, Japanese scientists conducted a retrospective
study to study the effect of ventilation on hospital mortality
in coma patients with inoperable intracerebral hemorrhage
(26). The mortality rate of comatose patients connected to
ventilators according to Japanese researchers was 80% (27),
while other researchers indicate a high frequency variation
- 57-90% (28).

Respiratory pathological patterns are well known in
comatose patients with intracerebral hemorrhage when, as
in our study, respiratory distress syndrome develops either
on or later in the early post-onset (29).

The authors point out that death in such patients is often
associated with both respiratory distress syndrome
(and subsequent ventilation), and with factors such as:
intraventricular hemorrhage, brain stem compression and
pupillary abnormality (30) .

It is also worth noting that individual authors are
distinguished such a condition as ““sudden death syndrome
in brain stroke™, the pathogenesis of which is not yet fully
studied, but which is also based on neurogenic causes such
as progressive cerebral edema with the development of
rostro-caudal damage, acute occlusive hydrocephalus after
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subarachnoid hemorrhage, hemorrhagic transformation
of the heart zone and secondary stem syndrome. As the
authors point out, all these causes increase the phenomena
of brain edema and cause compression of vital centers (31).

The most common cerebral complication, as we noted earlier
in deceased patients, was the expansion of the hematoma
into the intraventricular space, followed by progressive
cerebral edema with medial structure dislocation and brain
compression.

The most common extracerebral complications was a
combination of septic and cardiovascular disorders + kidney
damage according to laboratory and instrumental methods
of examination. The association of high hospital mortality
with septic, cardiovascular complications and acute kidney
damage was reflected in the work of a number of researchers
(32-34). The authors note that the brain-kidney relationship
is mediated by the autonomic nervous system, in particular
the sympathetic nervous system, and - the neuroendocrine
system with the participation of inflammatory and immune
response (35). However, the effect of hemorrhagic stroke on
kidney function remains relatively unstudied. Acute kidney
damage is related to hyperosmolarity of the blood especially
linked to administration of mannitol to reduce intracranial
pressure, older age associated with hypertension. Almost
30% of patients with acute hemorrhagic stroke have chronic
kidney disease, mainly elderly patients, women with related
diseases such as diabetes mellitus. What is remarkable is
that in most cases, renal dysfunction after intracerebral
hemorrhage is usually a transient phenomenon and rarely
requires hemodialysis (36).

It is particularly noteworthy that the above complications
may occur within the so-called multi-organ deficiency
syndrome, which is the leading cause of death in intensive
care patients, which is defined as progressive dysfunction
of 2 or more organs with systemic homeostasis disorder.
It occurs in 14% of ICU admissions and is responsible» for
80% of their deaths. During the first weeks in patients
with severe stroke develops an inadequate generalized
inflammatory response that creates favorable conditions
for joining medical complications such as brain edema,
pneumonia, urinary infection, heart failure, stressful ulcers,
vein thrombosis (37, 38).

On multiple regression analysis only 2 variables had
predictive value the high blood pressure at onset of
stroke had protective value against death and low oxygen
saturation had borderline value. These should be confirmed
further on larger number of patients.

Study limitations

Due to single-center study and low number of patients, the
data partially highlight the real clinical scenarios of stroke
patients in KR. It is well-known that hospital mortality is also
closely related to the level of medical care - the availability
of high-precision therapeutic and diagnostic equipment,

medications with proven efficacy, and the appropriate
training of medical personnel in the management of stroke
patients. At least patients were able to take tertiary care in
Republican center. The conditions in rural areas cannot be
estimated in accordance with these findings. Furthermore,
study design was limited to retrospective manner with
limited patient data. Due to scarcity of patient records the
sample size also suboptimal. Further research is needed
to investigate potential mechanisms underlying these
associations and to develop targeted interventions to
improve patient outcomes. Larger patient cohort is needed
to confirm predictors of in=hospital mortality in hemorrhagic
stroke patients.

Conclusion

Thus, as our research shows, that severe unconsciousness,
the expansion of hematoma into the ventricular system,
progressive cerebral edema with dislocation of medial
structures and impairment of the brain, multi-organ
insufficiency, tachypnoe/bradypnoe, tachycardia/
bradycardia, diabetes mellitus and increased level of
cholesterolweremore commoninHS patients within-hospital
mortality as compared to survivors. The only significant
predictor of in-hospital stroke associated mortality among
clinical and laboratory variables was systolic blood pressure
at onset, low oxygen saturation had borderline significance.
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