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Predictive impact of haemoglobin level
in ruptured cerebral aneurysms

Anaemia is a multicausal clinical condition affecting nearly one in two patients with aneurysmal subarachnoid
haemorrhage (aSAH). Cerebral oxygen delivery depends on blood flow and Hob concentration. In acute brain injury,
including aSAH, compensatory mechanisms are impaired, making anaemic patients more susceptible to cerebral
hypoxia. Although the impact of elevated Hb levels in aSAH remains insufficiently studied, both low and high Hb levels
are believed to influence cerebral perfusion, particularly under conditions of cerelbral vasospasm.

Objective —to determine the impact of baseline Hb level on the prediction of the clinical course and outcome
in patients with ruptured cerebral aneurysms.

Materials and methods. A retrospective single-centre cross-sectional study was conducted. It involved the
analysis of 492 medical records of patients in the acute phase of cerebral aneurysms (CA) rupture. Patients were
divided into three groups according to Hb levels. The analysis included demographic and clinical data, Hbo levels,
anatomical and morphological features of CA, freatment method, complications, and outcomes.

Results and discussion. Patients with elevated Hb levels were significantly older (p = 0.013). Female sex was
significantly associated with both low and high Hb levels, with women being nearly twice as likel o belong to the low
Hb group (p = 0.013) and 5.6 times more likely to belong to the high Hb group (p < 0.001). Patients with high Hb levels
had significantly reduced odds of developing pneumonia (p = 0.026). Elevated Hb levels were associated with
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a 2.4-fold increase in the likelihood of being discharged with the Hospital Assessment Scale 2 (p = 0.039).
Conclusions. These findings suggest that both decreased and elevated Hb levels are differentially associated
with age, sex, incidence of pneumonia, and treatment outcomes in patients with ruptured CA.
Keywords: cerebral aneurysm, subarachnoid haemorrhage, haemoglobin, outcome.

Anaemia is a multicausal clinical condition that
affects nearly one in two patients with aneurys-
mal subarachnoid haemorrhage (aSAH) [3, 11]. The
amount of oxygen delivered to the brain depends
on cerebral blood flow and the arterial blood oxygen
level, which in turn is determined by the haemoglo-
bin (Hb) concentration. In healthy individuals with
normovolaemic anaemia, a range of compensatory
mechanisms is activated to maintain adequate oxy-
gen delivery to the brain by increasing cerebral blood
flow. However, once Hb levels fall below a critical
threshold (approximately 5.0—6.0 g/dL), these com-
pensatory mechanisms reach their limit and can no
longer sustain sufficient oxygen supply to cerebral
tissue. In cases of acute brain injury, including aSAH,
the threshold at which anaemia becomes critical is

higher. Moreover, patients with aSAH frequently ex-
perience haemodynamic instability or acute cardiac
dysfunction, both of which can impair cerebral perfu-
sion. These factors suggest that patients with aSAH
and concomitant anaemia are more vulnerable to the
development of cerebral tissue hypoxia [4, 9].

Several studies have reported associations be-
tween anaemia and presence of cerebral vasospasm
(CV), delayed cerebral ischaemia, unfavourable out-
comes, including mortality [2—4, 12].

At the same time, Li et al. suggest that not only
low, but also excessively high Hb concentrations may
have adverse effects in patients with aSAH. During
the acute phase of cerebral aneurysm (CA) rupture,
Hb released from lysed erythrocytes may affect brain
tissue. Previous studies have shown that Hb may
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contribute to the occurrence of CV by reducing nitric
oxide production, inhibiting potassium channel acti-
vity, and stimulating the release of endothelin-1 [6].

Objective — to determine the impact of baseline
Hb level on the prediction of the clinical course and
outcome in patients with ruptured cerebral aneu-
rysms.

Materials and methods

A retrospective single-centre cross-sectional study
was conducted. It involved the analysis of 492 medi-
cal records of patients in the acute phase of cerebral
aneurysms (CA) rupture.

Inclusion criteria were: (1) subarachnoid haemor-
rhage (SAH) due to ruptured CA, confirmed by CT and
CT angjography; (2) availability of a complete blood
count performed within the first three days after ad-
mission; (3) microsurgical or conservative treatment;
(4) age 18 years and more.

Exclusion criteria included: (1) traumatic SAH or
other triggers of intracranial bleeding (e. g., arteriove-
nous malformations, coagulopathies, etc.); (2) history
of anaemia, thalassaemia, and other haematological
disorders; (3) patients who underwent a blood trans-
fusion within three months prior to admission.

Patients were divided into three groups based on
Hb levels:

= group | — female patients with Hb < 12.0 g/dL

and male patients with Hb < 13.0 g/dL;

= group Il — female patients with Hb 12.0—15.5 g/dL
and male patients with Hb 13.0—17.0 g/dL;
= group lll — female patients with Hb > 15.5 g/dL

and male patients with Hb > 17.0 g/dL.

Hb level was determined within 3 days of admis-
sion. The analysis included: demographic data (age,
sex), length of hospital stay, treatment method (mi-
crosurgical or conservative), time interval between
CA rupture and surgery, and treatment outcomes
at discharge based on the Hospital Assessment
Scale (HAS) [10]. The severity of the patient’s condi-
tion at admission was assessed using the modified
World Federation of Neurosurgical Societies (IMWFNS)
scale. Grades |I—IIl were considered as a good clini-
cal condition, while Grades IV—V were classified as a
poor clinical condition. The size of the ruptured aneu-
rysm was determined via CT angiography, taking into
account the maximum dome diameter. In cases of
multiple aneurysms, the size of the ruptured one was
used. The distribution of haemorrhage was assessed
via CT. It is known that the Fisher scale does not take
into account the parenchymal component, although
its volume may significantly increase the total amount
of bleeding. Therefore, we distinguished the following
types of haemorrhage: isolated aSAH, aSAH with in-
traventricular haemorrhage, aSAH with intracerebral
haemorrhage, or a combination of all three. Intracra-
nial complications included CV, hydrocephalus, and
epidural or subdural haematoma. Additional com-
plications included infections (pneumonia, urinary
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tract infection, meningitis) and conditions requiring
tracheostomy.

Statistical analysis was performed using the
Jamovi software, version 2.3.28.0. Descriptive data
were presented as absolute numbers and frequen-
cies. Continuous variables were expressed as mean
+ standard deviation (SD) for normally distributed
data, or as median and interquartile range (IQR) for
non-normally distributed data. The Shapiro—Wilk
test was used to assess the normality of distribution.
For comparison between two independent groups,
Student’s t-test was used for normally distributed
variables. The Kruskal—Wallis test was applied to
compare three independent groups when distribu-
tions were non-normal. 2 test was used to assess as-
sociations between categorical variables. A p < 0.05
was considered statistically significant. Statistically
significant results were further analysed using bino-
mial and multinomial logistic regression.

The study adhered to the ethical standards outlined
in the Ethical Code of the World Medical Association
(Declaration of Helsinki). Ethical approval was granted
by the Ethics Committee of Odesa National Medical
University (Protocol No. 06036, 11 June 2025).

Results and discussion

A total of 66 out of 492 patients were trans-
ferred for further endovascular treatment. As a result,
426 medical records of patients in the acute phase of
CA ruptured were analysed. Hb levels were available
for 399 of these patients, who were subsequently
included in the final analysis.

Baseline characteristics for the three groups are
presented in Table 1. Patients in the third group
tended to be older, whereas those in the first and
second groups were on average younger. Women
predominated in the first and especially in the third
group, while men were slightly more frequent in the
second group. Across all groups, the most frequent
type of haemorrhage among patients was isolated
aSAH, occurring in about two out of five cases. Ad-
ditional intraventricular haemorrhage was seen in
roughly one quarter of cases, with somewhat higher
frequency in the third group. Intracerebral haemor-
rhage was most typical for the first group, whereas it
was relatively rare in the third. At admission, over half
of the patients in each group presented with mMWFNS
grades |—Ill. Regarding management, microsurgical
treatment predominated, especially in the second
and third groups. CV occurred in about half of the pa-
tients, whereas hydrocephalus and epidural or subdu-
ral hematomas were less common. Among infections,
pneumonia was most frequent in the first group, less
so in the second, and rare in the third. Urinary tract
infections and meningitis were uncommon in all
groups. Tracheostomy was required in roughly one
quarter of patients in the first group, fewer in the sec-
ond, and rarely in the third. At discharge, patients in
the first and second groups more frequently achieved
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Table 1
Baseline characteristics for the groups

Patient groups

Characteristics p-value
| Il [}

Number of patients 72 295 32
Age, Mean + SD 50.3 £ 14.9 52.0+11.7 57.9+11.2 0.013¢
Sex
- Female 47 (65.3%) 144 (48.8%) 27 (84.4%) 0.001
- Male 25 (34.7 %) 151 (51.2 %) 5(15.6 %)
Type of haemorrhage
- Isolated aSAH 27 (37.5%) 119(40.3%) 15 (46.9 %)
= aSAH and intraventricular haemorrhage 19 (26.4 %) 78 (26.4 %) 12 (37.5 %) 0.323
= aSAH and intracerebral haemorrhage 17 (23.6 %) 51 (17.4 %) 2 (6.3 %)
= aSAH with both ventricular and intracerebral haemorrhage 9 (12.5 %) 47 (15.9 %) 3(9.3%)
MmWFNS at admission
= 1l 41 (56.9%) 186 (63.1%) 20(62.5%) 0.6315
= V=V 31(431%) 109 (36.9%) 12(37.5%)
Treatment method
= Microsurgical 50(69.4 %) 232(78.6%) 28(87.5%) 0.0875
= Conservative 22 (30.6 %) 63 (21.4 %) 4(12.5%)
Size of ruptured CA, Median (IQR) 7.0 (4.5) 7.0 (4.5) 6.0 (3.0) 0.799¢
Time interval between CA rupture and surgery, Median (IQR) 4.0 (9.0) 4.0 (8.5) 4.0(13.3) 0.969¢
cv
- Yes 32(44.4%) 151(51.2%) 15 (46.9%) 0.561°
- No 40 (55.6 %) 144 (48.8%) 17 (53.1%)
Hydrocephalus
- Yes 7(9.7 %) 49 (16.6 %) 7 (21.9 %) 0.210°
= No 65(90.3%) 246(83.4%) 25(78.1%)
Epidural or subdural hematoma
- Yes 9(12.5 %) 23 (7.8 %) 2 (6.3 %)
= No 63(87.5%) 272(92.2%) 30(93.7 %) 0-392
Pneumonia
- Yes 25(34.7%)  76(25.8%) 2(6.3%)
= No 47 (65.3%) 219(74.2%)  30(93.7 %) 0.009
Urinary tract infections
- Yes 4(5.6 %) 12 (4.1 %) 4(12.5 %)

0.113°
= No 68(94.4%) 283(95.9%) 28(87.5%)
Meningitis
- Yes 6(8.3%) 13 (4.4 %) 3(9.4 %)
= No 66 (91.7%) 282(95.6%) 29 (90.6 %) 0.258"
Conditions requiring tracheostomy
- Yes 17 (23.6%) 50 (16.9 %) 3(9.4 %)
= No 55(76.4%) 245(83.1%) 29(90.6 %)
Treatment outcome based on HAS
- HAS O 28(38.9%) 130(44.1%) 12(37.5%)
- HAS 1 2(2.8%) 29 (9.8 %) 4(12.5 %)
= HAS 2 18 (25.0 %) 69 (23.4 %) 15 (46.9 %) 0.00%
- HAS 3 24 (33.3 %) 67 (22.7 %) 1(3.1 %)

Notes. 2Student’s t-test; vy test; ¢ Kruskal—Wallis test.
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Table 2
Results of logistic regression for the groups

Patient group

Characteristics |

OR (95 % CI) p OR(95%Cl) p OR (95 % ClI) p

Age 0.99 (0.97—1.01) 0.304 — — 1.04(1.01—1.07) 0.011
Sexa (reference: male) 1.97 (1.15—3.37) 0.013 — — b.66(2.12—15.1) <0.001
Pneumonia (reference: no)® 1.53(0.88—2.66) 0.129 — — 0.192(0.04—0.82) 0.026
Treatment outcome (reference: HAS 0)2

- HAS 1 0.32(0.07—1.42) 0.134 — — 1.49(0.45—4.97) 0.512
= HAS 2 1.21(0.63—2.34) 0.569 — — 2.36(1.04—5.31) 0.039
- HAS 3 1.66 (0.89—3.09) 0.108 — — 0.162(0.02—1.27)  0.083

Notes. @ Multinomial logistic regression; *binomial logistic regression.

HAS O, whereas those in the third group most often
had HAS 2.

Statistically significant variables from Table 1 were
included in further analyses, including multinomial
and binomial logistic regression (Table 2).

Statistical analysis showed that older age was
associated with a higher likelihood of elevated Hb,
though the model’s predictive power was modest.
Female patients were nearly 2 and 5.6 times more
likely to belong to the low and high Hb level groups,
respectively. Additionally, patients with elevated Hb
levels were approximately 2.4 times more likely to
be discharged with HAS score 2. At the same time,
patients with high Hb levels had significantly lower
odds of developing pneumonia. The findings of our
study are only partially consistent with the existing
literature. Li R et al. reported that even an admission
Hb level > 14.9 g/dL was associated with an unfa-
vourable functional outcome specifically at 90 days
post-discharge (defined as a modified Rankin Scale
score > 3), whereas in our study, poor outcomes at
discharge were associated with higher Hb levels. Ad-
ditionally, the authors demonstrated that elevated Hb
levels were linked to a higher risk of delayed cerebral
ischaemia and deep vein thrombosis. However, no
statistically significant association was found be-
tween high Hb levels and the risk of pneumonia in
their study. Interestingly, older age and female sex
were more frequently observed among patients with
Hb < 14.9 g/dL [6]. Aslo, it was found that patients
with Hb levels above 19.0 g/dL and 21.0 g/dL had
a higher incidence of pseudo-SAH. Moreover, the
number of male patients in the group with Hb levels
> 19.0 g/dL was significantly higher [5]. In contrast,
we observed paradoxical results regarding sex and
Hb levels: female patients had a higher likelihood of

There is no conflict of interest.

belonging to both the low and high Hb groups. At the
same time, other studies confirm that anaemia is
more commonly observed in women [1, 7].

In our analysis, no statistically significant associa-
tion was found between different admission Hb levels
and the development of CV. As noted above, two main
hypotheses have been proposed in the literature regar-
ding the mechanism by which Hb levels may influence
CV. In a systematic review by M. Said, et al., anaemia at
admission was not associated with the occurrence of
cerebral infarction. However, the same review reported
that a drop in Hb levels to 9.0—10.0 g/dL during the
acute phase of CA rupture significantly increased the
risk of CV (by 2.2 times) and cerebral infarction (by
nearly 2.1 times) [8]. Another study by M. Said, et al.
also confirmed an association between anaemia within
14 days after aneurysm rupture and a higher incidence
of cerebral CV. Nevertheless, the question of causality
remains unresolved: is anaemia a consequence of con-
servative treatment for CV, or is it a contributing factor
to reduced cerebral perfusion, manifesting as CV? [7].

Conclusions

Admission Hb level is an important factor influen-
cing the course and treatment outcomes in patients
with CA rupture. Female sex was significantly associ-
ated with both low and high Hb levels. Elevated Hb
levels were associated with older age, a reduced like-
lihood of developing pneumonia, and an increased
risk of being discharged with HAS score 2. No asso-
ciation was found between Hb level and the risk of CV.
These findings contribute to the existing evidence on
the complex role of Hb in the prognosis of CA rupture
and highlight the need for further prospective studies
to better understand the underlying pathophysiologi-
cal mechanisms behind the observed associations.

Participation of authors: project administration, conceptualization, writing (review & editing) — Yu. S.;
resources, investigation, writing (preparation of original draft) — A. R.; resources, investigation, formal analysis — K. Ya.;

formal analysis, methodology — D. H.
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OAECBKMIN HOLLIOHAABHNN MEANYHWIA YHIBEPCUTET

MNpeANKTUBHNI BNAUB PiBHSI FeMOTAOGIHY
npw po3puBi MO3KOBUX OHEBPU3M

AHEMISI — L& MOAIETIOAOTNYHMNIN KAIHIYHWA CTAH, WO PO3BMBAETHCSI MOMKE B KOYXXHOTO APYroro nMauieHTa 3 QHEB-
PUMATUYHM CYOAPAXHOIAQABHNM KPOBOBMAMBOM (QCAK). KiABKICTb KMCHIO, KO HOAXOAWTb AO FTOAOBHOTO MO3KY,
30AEXKUTb BiA MO3KOBOTO KPOBOTOKY TA PIiBHS reMorAoBiHy (HD). Mpn rocTpomy YpKeHHi TOAOBHOTO MO3KY, 30KpEMA
npwn ACAK, KOMNEHCATOPHI MEXAHI3MK MOPYLLYIOTLCS, WO POOUTb MALJEHTIB 3 AHEMIEID BPABAMBILLMMMN AO PO3BUTKY
riNOKCIi TKAOHWMH FOAOBHOMO MO3KY. XO4a BMAMB MNiABULLEHOrO piBHs1 Hb npurt aCAK HEAOCTATHBO BUBYEHUI, ICHYE AYMKQ,
LLLO 1K HU3bKMIA, TAK i BUCOKMIA piBEHb HO MOXKe YMHUTU BNAVB HO MO3KOBY Nepdysito, 30KPEMA B YMOBOX BA3OCMA3MY.

MeTta po60TH — B13HAYMTI BMAMB iHILLIAABHOTO PiBHS HIO HO MPOrHO3 KAIHIYHOrO nepebiry Ta Pe3yAbTAT AIKyBOHHS
B NALJEHTIB i3 PO3PVBOM MO3KOBVX AHEBPWI3M.

Marepiaan 1a MeToaMu. [TPOBEAEHO PETPOCNEKTMBHE OAHOLIEHTPOBE KPOCCEKLIMHE AOCAIAKEHHS.
MPOAHAAIZOBAHO 492 icTOpIi XBOPOOM NALIEHTIB Y FOCTPUI NepIoA PO3PKBY MO3KOBKMX AHeBPM3M (MA). MNauieHTis 6yAo
PO3MOAIAEHO HO TPW MPYM 3AAEXHO Bia, PiBHST HD. AHOAIZYBAAWM TOKI ACHI MALIEHTIB: AEMOrPADIYHI TA KAIHIYHI XOpAKTe-
PUCTUKW, BMICT HD, AHATOMO-MOPOOAOTiHHI XAPAKTEPUCTUKU MA, METOA AiIKYBAHHSI, YCKAQAHEHHSI, PE3YALTAT AIKYBAHHSI.

Pe3yAbTaTU TO OBroBOPEHHS. BISIBASHO, LLLO NALJEHTM 3 NIABULLEHMM piBHEM Hb ByAn B CEpeAHbOMY CTOPLLOTO
Biky (p = 0,013). XKiHoua cTaTh BYAQ BIPOTMAHO MOB’I3AHA SIK i3 HN3BKMM, TAK | 3 BACOKMM PiBHEM HD: XiHK MaKe BABIYi
YACTILLE HAAEXOAM AO TPYNK 3 HU3bKMM piBHeM Hb (p = 0,013) i B 5,6 pa3y yacTiwe A0 rpynm 3 BUCOKMM piBHEM Hb
(p < 0,001). Y naujeHTis i3 BUCOKMM piBHeEM Hb ByAQ BIDOTIAHO HVDKYOK MMOBIPHICTb PO3BUTKY MHEBMOHIT (p = 0,026).
MiaBULLIEHN PiBEHb HIb ACOLLItOBABCSI 3i 3POCTAHHSIM MMOBIPHOCTI BUMMCKM 3 OLJHKOKO 2 3a Hospital Assessment Scale
(p=0,039.

BucHoBKK. OTPUMAHI PE3YALTATU CBIAYATD, LLIO SIK 3HVKEHMI, TAK i NABULLEHUI piBEHb HID MAAM pi3HY aCOLaLLiO
3 BIKOM, CTATTIO, YACTOTOKO PO3BUTKY MHEBMOHIi TA PE3YALTATAMM AIKYBAHHS B MALEHTIB i3 po3preom MA.

KAKOYOBi CAOBA: MO3KOBA AHEBPU3MA, CYOAPAXHOIACABHWM KPOBOBWVAMB, rEeMOTAOBIH, PE3YALTAT AiKYBAHHSI.
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