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Early predictors of conservative treatment
for aneurysmal subarachnoid hemorrhage
in low-income countries

Microsurgical and endovascular treatment for aneurysmal subarachnoid hemorrhage (SAH) is the gold
standard for excluding ruptured intracranial cerebral arterial aneurysms (ICAA) from circulation and reducing
rebleeding risk. However, conservative treatment remains an option in low-resource settings.

Objective — to identify early predictors of conservative treatment for SAH in low-resource settings.

Materials and methods. This retrospective, single-center cohort study included 212 patients with SAH treated
between 2000 and 2023. Patients were divided into two groups: those receiving conservative freatment (n = 106) and
those undergoing ICAA clipping within 14 days of their first rupture. Demographic data, clinical features, comorbidities,
and radiographic/anatomical characteristics of ruptured ICAAs were analyzed.

Results and discussion. Of the 212 patientsincluded in the study, 106 (Group 1) received conservative treatment,
and 106 (Group 2) underwent ICAA clipping. The mean age was (66 + 14) years in Group 1 and (80 + 12) years in
Group 2. Group 1 had a higher frequency of posterior circulation ICAA and multiple ICAAs. Although the mean size
of ruptured ICAAs was similar (eight mm), Group 1 exhibited greater variability in ICAA size. Patient age, comorbidity
burden, ICAA location and morphology, number of ICAA, and initial neurological condition are key determinants
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influencing the choice of conservative tfreatment over surgical clipping in low-resource settings.

Conclusions. Early predictors of conservative treatment for SAH in low-income countries include advanced
age, high Charlson Comorbidity Index, anterior circulation ICAA, fusiform ICAA, mulfiple ICAA, and low-grade
mM-WENS. These findings may help guide treatment decisions in settings with limited access to surgical interventions.

Keywords: cerebral aneurysm, subarachnoid hemorrhage, conservative treatment.

urgical (endovascular and microsurgical) treat-

ment for an aneurysmal subarachnoid hemor-
rhage (SAH) is considered the gold standard for
excluding a ruptured intracranial cerebral arterial an-
eurysm (ICAA) from circulation and reducing the risk
of recurrent ruptures [6, 13]. However, in low-income
countries, limited resources may restrict immediate
access to surgical treatment of aneurysmal SAH,
making conservative management a last resort alter-
native [5]. In our study, conducted in such a setting,
we analyzed factors influencing the choice of conser-
vative treatment tactics. Important parameters such
as advanced patient age, presence of comorbidities,
and severity of the clinical picture were identified

as determining the decision in favor of conservative
therapy. Conservative therapy for poor-grade SAH in
the elderly is associated with high mortality [2, 5, 7,
8, 14—16]. Surgical intervention even in poor pre-
operative clinical conditions significantly improves
prognosis [2, 14, 16]. In such settings, where imme-
diate access to surgical interventions may be limited,
it is critical to understand the factors influencing the
choice between conservative management and sur-
gical treatment. By considering early clinical predic-
tors, treatment protocols can be developed to help
clinicians optimize aneurysmal SAH management
and balance the limitations of available resources,
particularly in low-income countries. This study aimed
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to identify early predictors of conservative treatment
for SAH in low-resource settings.

Materials and methods

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee of Odesa National Medical University,
protocol No.7, dated September 30, 2019. Informed
consent was obtained from all participants included
in this study.

This retrospective single-center cohort study was
based on the analysis from the medical records of
212 patients treated for SAH in 2000—2023. This
period corresponds to the years during which Ukraine
was classified as a low-income country by the World
Bank [19]. The study analyzed patients’ medical data
based on their treatment approach, and the patients
were categorized into two groups. Group 1 consisted
of patients who exclusively received conservative
treatment as part of the retrospective observation.
Group 2 consisted of patients who underwent ICAA
clipping within 14 days of their first rupture.

The inclusion criteria for this study were (1) age
over 18 years, (2) aneurysmal nature of SAH, (3) con-
firmation of ICAA on CT angiography, and (4) hospital-
ization in the first 14 days after the first ICAA rupture.

The exclusion criteria were (1) age under 18 years,
(2) incomplete medical records; (3) absence of data
on the date of the ICAA rupture; (4) other causes of
SAH (trauma, presence of arteriovenous malforma-
tions, brain neoplasms, coagulopathy), (5) absence
of ICAA on CT angiography, (6) hospitalization 14 days
after the first ICAA rupture, and (7) ICAA trapping, en-
dovascular surgery, and external ventricular drainage.

Patients who underwent endovascular surgery or
required external ventricular drainage were excluded to
avoid confounding variables related to newer surgical
techniques and complications such as hydrocephalus.
This allowed for a more focused analysis of early pre-
dictors in patients receiving conservative treatment.
The study included a detailed analysis of patient de-
mographics and clinical presentation, including clinical
severity according to the modified World Federation of
Neurosurgical Societies (MWFNS) scale grading sys-
tem and symptoms of SAH upon admission.

The Charlson Comorbidity Index (CCl) is a widely
used and validated tool for assessing the severity of
comorbidities and predicting patient survival [12]. In
our study, we calculated the CCI for each patient based
on medical records to account for the impact of comor-
bidities on treatment decisions. Data on the following
comorbidities were extracted from medical records.
Patients were subsequently categorized into sub-
groups based on their CCl score: low risk (CCl 0—2),
moderate risk (CCl 3—4), high risk (CCl 5—7) and very
high risk (CCI > 8). Additionally, radiological and ana-
tomical parameters of ruptured ICAA were reviewed.

Descriptive statistics were used to analyze the
data: calculation of mean values, standard deviations,
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medians, interquartile ranges, minimums, and maxi-
mums for continuous variables, as well as proportions
and percentages for categorical variables. The norma-
lity of the distribution was tested using the Shapiro—
Wilk test. The chi-square test was used to compare
categorical variables, and the Mann—Whitney test
was used to compare continuous variables. Binomial
logistic regression was used to analyze the relationship
between groups, with the results presented as odds ra-
tios (OR) with 95 % confidence intervals (Cl). Statistical
significance was set at p < 0.05. All calculations were
performed using JASP software version 0.19.3. Data
visualization was performed using Python.

Results and discussion

Group 1 consisted of 106 patients who received
conservative treatment: 43 (41 %) men and 63 (59 %)
women. Group 2 also consisted of 106 patients who
underwent surgical intervention, of which 58 (55 %)
were men and 48 (45 %) were women. The mean age
of the patients in Group 1 was 56 + 14 years, with
a median age of 56 £ 19 years, a minimum age of
19 years, and a maximum age of 85 years. In Group 2,
the average age of patients was 50 = 12 years, the
median age was 51 + 17 years, the minimum age was
18 years, and the maximum was 73 years.

The CCI distribution demonstrated notable differ-
ences between the studied patient groups. In both
Group 1 and Group 2, the majority of patients fell into
the low-risk category (CClI 0—2). However, Group 2
showed a significantly higher proportion of patients in
the moderate-risk category (CCl 3—4), with 23 (22 %)
patients compared to 15 (14 %) patients in Group 1,
indicating that patients who underwent ICAA clipping
generally had slightly more comorbidities. On the other
hand, Group 1 had more high risk patients (n = 22
(19 %)) compared to Group 2 (n = 12 (12 %)), and a
small percentage (n = 3 (3 %)) were very high risk,
while no patients in Group 2 were classified as very
high risk. This very likely influenced the treatment ap-
proach: patients with a higher CCI score and multiple
comorbidities were often deemed less suitable for
surgery due to the elevated risk of intraoperative and
postoperative complications. Table 1 presents the
baseline data and statistical comparisons between
the studied groups.

The majority of patients with posterior circula-
tion ICAA were in Group 1, representing 22 (21 %)
patients, whereas Group 2 included only five patients
(5 %). The detailed distribution of ICAA localization in
the studied groups is shown in Fig. 1.

Multiple ICAA were more commonly observed
in Group 1, with 23 patients (22%) compared to 12
(11 %) patients in Group 2. All patients with fusiform
ICAA received conservative treatment. Although the
mean size of ruptured ICAA in both groups was the
same, at 8 mm, there was significantly greater size
variation in Group 1. Hence, the variety of ICAA sizes
required different treatment approaches. Fig. 2 shows
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Table 1
Demographic and clinical characteristics
Parameter Group 1 Group 2 x2/U statistic p
Sex y?=4.255 0.039*
- Male, n (%) 43 (41) 58 (55)
- Female, n (%) 63 (59) 48 (45)
Age (mean £ SD) 56 + 14 50+ 12 U =7059.000 0.001**
CCl: U =6875.500 0.003**
= Low risk (CCI 0-2) 68 (64) 70 (66)
= Moderate risk (CCl 3-4) 15 (14) 23(22)
= High risk (CCI 5-7) 22(19) 12 (22)
- Very high risk (CCl = 8) 3(3) 0 (0)
Type of hemorrhage: x?=1.451 0.694
- Isolated SAH, n (%) 43 (41) 50 (47)
= SAH + ventricular, n (%) 30(28) 23(22)
= SAH + parenchymal, n (%) 21 (20) 21 (20)
= SAH + ventricular + parenchymal, n (%) 12 (11) 12 (11)
ICAA localization: ¥?=12.266 0.001**
= Anterior circulation, n (%) 84 (79) 101 (95)
= Posterior circulation, n (%) 22 (21) 5 (5)
Number of ICAA: U =6232.000 0.033*
- Single ICAA, n (%) 83(78) 94 (89)
= Multiple ICAA, n (%) 23(22) 12 (11)
Size of ICAA (mm) (mean + SD) 8+6 8+4 U =6232.000 0.033*
Type of ICAA: y?=10.462 0.033*
= Saccular, n (%) 92 (87) 98 (92)
= Fusiform, n (%) 5 (5) 0(0)
= Bilocular, n (%) 1(2) 313
= Multilocular, n (%) 0 (0) 2(2)
= Pseudoaneurysm, n (%) 8(7) 3(3)
Modified WFNS Scale at admission: U =6546.000 0.027*
« Grade |, n (%) 45 (42) 55 (52)
= Grade Il, n (%) 11 (10) 19 (18)
- Grade Ill, n (%) 23(22) 19 (18)
- Grade IV, n (%) 22 (21) 10 (9)
= Grade V, n (%) 5 (5) 3(3)
Clinical presentation at admission
Symptomatic epileptic seizure, n (%) 12 (11) 7(7) x?=1.445 0.229
Meningeal syndrome, n (%) 87 (94) 86 (90) 2 =0.049 0.825
Headache, n (%) 88 (83) 88 (83) x? =0.024 0.877
Ocular motor disturbances, n (%) 18 (17) 17 (16) x?=0.061 0.804
Hemiparesis, n (%) 18 (17) 18 (17) x?=1.006 0.605
Babinski reflex, n (%) 19 (18) 15 (14) y?=0.517 0.472

Note. *p < 0.05; **p < 0.01.
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Fig. 1. Distribution of ICAA localization in the studied groups

MCA — middle cerebral artery; AComA — anterior communicating artery; ACA — anterior cerebral artery; ICA — internal carotid artery;
PComA — posterior communicating artery; PICA — posterior inferior cerebellar artery; SCA — superior cerebellar artery — posterior
cerebral artery junction; VA — vertebral artery; BA — basilar artery; AICA — anterior inferior cerebellar artery.
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Fig. 2. Comparison of groups by morphological parameters of ruptured infracranial arterial aneurysms

ICAA — intracranial cerebral arterial aneurysm.
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Corimsarboilivi or?alysis of early predictors in the studied groups
Variables B (SE) OR [95% ClI] P
Women—Men 0.571(0.278) 1.770[0.027; 1.116] 0.040%*
Age ~0.036 (0.011) 0.965 [-0.057; —0.014] 0.001%*
CClI -0.223 (0.071) 0.800 [-0.363; —0.084] 0.002**
Type of hemorrhage
SAH with ventricular component — Isolated SAH -0.417(0.347) 0.659 [-1.096; 0.263] 0.229
SAH with parenchymal component — Isolated SAH -0.151 (0.372) 0.860 [-0.880; 0.579] 0.685
SAH with both components — Isolated SAH -0.151 (0.458) 0.860[-1.049; 0.747] 0.742
Posterior circulation — Anterior circulation -1.666 (0.517) 0.189 [-2.679; —0.653] 0.001%**
Number of ICAA -0.724 (0.312) 0.485[0.113; 1.335] 0.020*
Size of ICAA 0.003 (0.030) 1.003 [-0.056; 0.062] 0.915
Type of ICAA -0.623 (0.466) 0.536 [-1.537; 0.291] 0.182
Modified WFNS Scale at admission -0.266 (0.112) 0.767 [-0.485; —0.046] 0.018*
Symptomatic epileptic seizure —-0.591 (0.497) 0.554 [-1.565; 0.383] 0.234
Meningeal syndrome 0.098 (0.442) 1.103 [-0.769; 0.964] 0.825
Headache 0.057 (0.370) 1.059[-0.669; 0.783] 0.877
Ocular motor disturbances -0.092 (0.371) 0.912[-0.819; 0.635] 0.804
Hemiparesis 0.065 (0.362) 1.068 [-0.644; 0.775] 0.856
Babinski reflex -0.270(0.377) 0.763 [-1.009; 0.468] 0.473
Note. *p < 0.05; **p < 0.01.
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Fig. 3. Distribution of CCl risk categories in the studied groups
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the comparison of groups by morphological para-
meters of ruptured ICAA.

Analysis showed the influence of demographic,
clinical, radiological, and anatomical predictors on
the choice between conservative treatment and ICAA
clipping (Table 2).

The female gender and older age are statisti-
cally significant factors that influence the prefer-
ence for conservative treatment. The probability of
surgical intervention was almost two times lower
in women (p = 0.040). Each additional year of life

reduced the probability of surgical intervention by
3.5 % (p = 0.001). The CCl was a statistically signifi-
cant factor in predicting the management strategy for
patients with aneurysmal SAH (p = 0.002) (Fig. 3).
Therefore an increase in CCl by 1 point, the probability
of CAA clipping decreased by approximately 20 %.
The presence of complex forms of hemorrhages
is related to a preference for conservative treatment.
For ICAA characteristics, a significant relationship is
observed in the localization of ICAA and their number.
In our sample, patients with posterior circulation ICAA

YKPAIHCbKWUW HEBPOJIOFIYHUM XYPHAN - 2025, N3 — 4
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received conservative treatment approximately five
times less often than ICAA clipping (p = 0.001). Fur-
thermore, patients with multiple ICAA conservative
treatment approximately two times less often than
ICAA clipping (p = 0.020).

Patients with a high grade according to the m-WFNS
scale are significantly less likely to receive surgical in-
tervention (p = 0.018). In our study, we could not con-
firm whether clinical manifestations like symptomatic
epileptic seizures, meningeal syndrome, headache,
oculomotor disorders, hemiparesis, and Babinski
reflex affected the treatment method.

The findings of this study may offer clinical value,
particularly in healthcare settings with limited re-
sources. Some results of our study are consistent
with previous studies showing that advanced age
reduces the likelihood of surgery [7, 14, 16]. To our
knowledge, there has been limited research on how
gender influences SAH treatment decision-making [4].
The preference for non-surgical treatment was twice
as high among women. The presence of comorbidities
is known to increase surgical risks and is associated
with perioperative complications [7, 17]. However, this
factor did not significantly influence decision-making
regarding the extent of treatment. The critical factor
that revealed a statistically significant difference be-
tween the groups was the clinical severity according
to the m-WFNS scale. Patients with higher m-WFNS
grades were more likely to receive conservative treat-
ment, which is consistent with the results of other
studies where the severity of the patient’s condition
is a major factor in determining treatment choices [5,
14, 15]. As demonstrated in previous studies, factors
such as advanced age, comorbidities, and clinical
severity are important determinants in treatment
decision-making for patients with aneurysmal SAH,
especially in areas where surgical interventions are
not readily available [1, 5, 9—11]. In these settings,
such as low-resource or rural healthcare systems,
treatment protocols could be developed to assist clini-
cians in making informed decisions [1, 9—11].

Despite the substantial surgical complexity, rup-
tured posterior circulation ICAA is associated with a

greater risk for poor prognosis and thus requires ac-
tive surgical intervention [3, 18]. In addition, multiple
ICAA significantly increase the likelihood of conserva-
tive treatment, which aligns with the previously pub-
lished findings [18]. However, surgical obliteration of
unruptured multiple ICAA from circulation is currently
being used to prevent rebleeding in accordance with
current guidelines [18]. Interestingly, none of the clini-
cal symptoms alone influenced the decision to pursue
conservative or surgical treatment. Thus, complex
forms of hemorrhages did not significantly affect the
early onset of focal neurological deficits or influence
the selection of treatment approaches.

This study also revealed some inconsistencies. In
particular, there were no significant differences in an-
eurysm type or size between the groups, which is con-
trary to other studies that suggest larger aneurysms
are more likely to require surgery [2]. The extended
time span of the study (200—2023) and relatively
small annual patient numbers introduce a potential
for bias. However, the patient sample was rigorously
defined by inclusion and exclusion criteria, ensuring
consistency in treatment practices throughout the
study period. While the number of patients per year
might appear low, this is reflective of the specific pa-
tient population selected based on these criteria, and
the overall sample remains adequate for meaningful
statistical analysis. A key strength of this retrospective
study is its reliance on real-world data, which provides
a comprehensive overview of clinical outcomes.

Conclusions

Our study underscores the importance of consid-
ering both clinical and socio-economic factors when
making treatment decisions in healthcare systems
with limited resources. Early predictors of conser-
vative treatment for SAH in low-income countries
include advanced age, high CCI score, anterior cir-
culation ICAA, fusiform ICAA, multiple ICAA, and poor
grade on the m-WFNS scale. These factors may help
guide clinicians in resource-constrained settings, al-
lowing for informed decisions when surgical options
are limited.
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PaAHHI Nnpe AUKTOPU KOHCEPBATUBHOIO AiKYBOHHS
npv AHEBPUIMATUYHOMY CYOAPAXHOIACOABHOMY KPOBOBUAUBI
B KPAIHAX i3 HU3bKUM PiBHEM AOXOAY

MikpoxipypriyHe 1 eHAOBACKYASIPHE AIKYBAHHST OHEBPU3MATUYHOTO CYOAPAXHOIAQABHOIO KpoBOBMAMBY (CAK)
€ 30A0TUM CTOHAQPTOM AAST BUKAKOYEHHST POSIPBOHMX LLIePeBPAAbHNX APTEPRIAAbHUX aHeBpK3M (LLAA) i KpoBoOOBIry Ta
3HVKEHHST PU3MKY MOBTOPHOrO po3puey LLAA. KOHCEPBATUBHE AiKYBAHHSI 30AULLAETHCSI BAPIAHTOM B YMOBAX OOMEXXe-
HWX pecypcis.
Meta po6otTM — BU3HAYUTM PAHHI MPEAVKTOPW KOHCEPBATMBHOTO AiKyBAHHS1 CAK B YMOBOX OOMEKEHMX
pecypcis.
Marepiaan Ta metoan. [1POBEAEHO PETPOCMNEKTVIBHE OAHOLIEHTPOBE KOMOPTHE AOCAIAKEHHS 212 naALieHTIB
i3 CAK, qki otprmyBaAN AikyBaHHs1 B 2000—2023 pp. MNALEHTIB PO3MNOAIAVAM HA ABI FPYMM 3AAEXHO BiA METOAY AiKy-
BAHHS (KOHCEPBATVBHE AiKyBAHHS (N = 106) Ta KAINyBAHHS LIAA ynpoaoBXK 14 AHIB NICAS ixHboro po3pusy. (N = 106)).
[MPOAHAAIZOBAHO AEMOTPAdIYHI AQHI, KAIHIYHI OCOBAMBOCTI, CYMYTHI 3AXBOPKOBAHHS TO POAIOAOTIYHI/ AHATOMIYHI XOP K-
TEPUCTUKN PO3iPBAHMX LIAA.
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Pe3yAbTaTU TO OGroBOpEHHs. CepeAHilt Bik y rpymni KOHCEPBATMBHOIO AiyBAHHS1 CTAHOBKB (56 + 14) pokis (19—85
pokiB), y rpyni kKAinyBaHHs LIAA — (80 % 12) pokie (18—73 pokn). Y nepLuin rpyni 3a0peeCTpOBAHO BULLLY YaACTOTy LIAA
30AHBOI LIMPKYAILLi TO MHOXUHHKX LIAA. Xoua cepeaHin po3mip posipsaHmx LLAA B 060x rpynax 6yB NOAIGHUM (8 Mm),
y rPYyni KOHCEPBATYBHOIO AiKYBAHHSI OYAQ BiAbLLIA BOPIABEABHICTb PO3Mipy LIAA. YCTOHOBAEHO, LLLO BiK NALIEHTA, CYMyTHi
30XBOPIOBAHHSI, AOKAAI3ALList TA MOPdOAOTist LLAA, KiAbKICTb LLAA i BUXIAHWIN HEBPOAOTIHHNIA CTAH € KAIOYOBVMU AETEPMI-
HAHTOMM, LLO BMAMBAKOTb HO BUOGID KOHCEPBATUBHOIO AIKYBAHHS 3OMICTb XipYPRMYHOIrO KAIMYBAHHS B YMOBOX OOMENKEHNX
pecypcis.

BMCHOBKW. POHHIMY NPeAVKTOPAMY KOHCEPBATUBHOMO AiKyBAHHSI CAK Y KPAIHAX i3 HU3bKUM PIBHEM AOXOAY €
MOXUAWI BiK, BUCOKM IHAEKC KOMOPBIAHOCTI HapACOH, LLAA nepeAHbOro KPoBOOBIry, BepeTeHOMOAIOH LLAA, MHOXMHHI
LLAA TQ HM3bKM CTYnMiHb 30 MOAMGIKOBAHOLO LLKAAOKD World Federation of Neurosurgical Societies. OTpuMaHi pesyAbTa-
TV MOXKYTb AOMOMOITW B MOUMHSTTI PiLLEeHb LLLOAO AIKYBAHHS B YMOBAX 3 OBMEKEHVM AOCTYTNOM AO XiPYPRTYHMUX BTOYUYOHb.

KAKO4OBi CAOBQ: LIEPEBPAABHO AHEBPW3MA, CYOAPAXHOIAQABHMIN KPOOBOBUAMB, KOHCEPBATVBHE AiKYBOHHSI.
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