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A B S T R A C T

Background: Delayed cerebral ischemia (DCI) occurs in approximately 20%–30 % of patients with 
subarachnoid hemorrhage (SAH). This is the most common complication of SAH and has a high 
mortality rate. In the present study, we investigated the relationship between hemoglobin (Hb) 
values and DCI and aimed to determine a cutoff Hb value to be used as a predictor of DCI.
Methods: A total of 259 patients who were followed up for aneurysmal SAH at the Neurosurgery 
Clinic of Health Sciences University Dışkapı Yıldırım Beyazıt Training and Research Hospital were 
included in our study. The patients were categorized into three groups according to Hb levels, 
low: <10 g/dl, moderate:10–13 g/dl, and high: >13 g/dl, and the relationship between Hb value 
and DCI and clinical outcomes was examined. Further, the cutoff Hb value for predicting DCI was 
determined by receiver operating characteristics (ROC) curve analysis.
Results: Statistical analyses revealed that patients with low Hb levels of <10 g/dl had a higher 
frequency of DCI than those with Hb levels of <10.75 g/dl. In addition, pairwise analyses based 
on the determined cutoff value revealed that patients with Hb levels <10.75 g/dl experienced DCI 
more frequently.
Conclusion: This study aimed to determine the utility of Hb levels as a predictor of DCI by 
examining its risk factors. The cutoff Hb level determined here is an important predictive factor 
for DCI, and the results provide promising evidence in term of early detection of DCI.

1. Introduction

Subarachnoid hemorrhage (SAH) refers to the extravasation of blood into the subarachnoid space. The most common nontraumatic 
cause of SAH is spontaneous SAH. More than 80 % of cases of spontaneous SAH occur because of aneurysm rupture [1], and 
approximately 10 % are cases of nonaneurysmal perimesencephalic SAH. SAH accounts for approximately 5 % of stroke cases [2]. 
Although SAH mortality has decreased from 50 % to 35 % in recent years, it remains an important medical complication that con-
tributes to mortality and morbidity [3]. Further, 10%–25 % of SAH patients die before reaching the hospital. Only approximately 
one-third are discharged with permanent sequelae requiring postillness care, and only 30 % are able to return to their previous life[4]. 
Although it constitutes a small proportion of stroke cases, SAH is an important disease that impacts society because occurs in younger 
population compared to patients with conventional stroke and it has a high mortality and morbidity rate [4]. This makes it critical for 
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physicians to consider SAH as a possible diagnosis.
Rebleeding and delayed cerebral ischemia (DCI) are important complications that increase mortality and morbidity in patients with 

aneurysmal SAH (aSAH). DCI is also a significant challenge for patients recovering from early brain injury. Approximately 70 % of 
these patients are at risk of radiological vasospasm, and 20%–30 % of the patients are at risk of DCI between days 3 and 14 after aSAH 
[5]. Until recently, vasospasm was used synonymously with DCI; however, recent studies have shown that 30 % of patients with 
radiological vasospasm are symptomatic [6]. In addition to cerebral vascular dysfunction, other conditions, such as microthrombosis, 
cortical spreading depolarizations, and neuroinflammation, are associated with DCI[4]. It is highly likely that many interrelated 
mechanisms play a role in DCI pathophysiology. Factors such as leukocytes, blood degradation products, cytokines, oxyhemoglobin, 
and endothelin are still under study [4]. Preventing DCI in asymptomatic patients who have recovered from early brain injury is crucial 
to reduce aSAH mortality and morbidity. The ability to predict DCI will be very valuable considering its contribution to the course of 
the disease. In this respect, studies on clinical or molecular markers for DCI have gained impetus.

Anemia is a common complication after aSAH and has been identified as a marker of cerebral infarction, vasospasm, death, and 
permanent disability [7]. Hemoglobin (Hb) mediates oxygen transport to cells and is a nitric oxide (NO) carrier. NO dysfunction plays a 
role in cerebral vasospasm and DCI through different mechanisms. The relationship between cerebral vasospasm and Hb levels after 
aSAH has not been fully explored. However, as Hb is a NO and oxygen carrier, it is likely to play a role in vasospasm and DCI [8]. The 
guidelines on aSAH published to date have not specified a Hb cutoff value.

Therefore, the present study aimed to examine the relationship between Hb levels and DCI and to identify the Hb cutoff value for 
predicting DCI.

2. Material and methods

In this retrospective cohort study, data of all patients who visited the Neurosurgery Clinic of Health Sciences University Dışkapı 
Yıldırım Beyazıt Training and Research Hospital between 1 January 2014, and 1 January 2022, for aneurysmal subarachnoid hem-
orrhage and were treated through microsurgery or endovascular means were examined. Endovascular treatment was performed for the 
first time at our clinic on 11 November 2017; therefore, the data of patients treated endovascularly were collected from this date 
onwards. Inclusion criteria were as follows: aSAH diagnosed using clinical or radiological methods, treatment and follow-up conducted 
at our clinic, and Hb levels recorded during hospital stay. Patients with insufficient Hb monitoring and clinical and radiological data 
and patients who did not present within the first 72 h were excluded from the study. All information of the patients included in our 
study was accessed through the Hospital Information System. The records were cross-compared by two authors. It was cross-compared 
with radiological imaging reports.

2.1. Demographic data

The study included 259 patients treated for aSAH using microsurgery or endovascular means at our clinic. Inclusion criteria were as 
follows: aSAH diagnosed using clinical or radiological methods, treatment and follow-up conducted at our clinic, and Hb levels 
recorded during hospital stay. Patients with insufficient Hb monitoring and clinical and radiological data were excluded from the 
study. The mean age of the patients was 54.5 years. Of the patients included in the study, 139 (53.7 %) were women and 120 (46.3 %) 
were men. Further, 9 patients were excluded because they did not present within the first 72 h, and 27 patients were excluded owing to 
insufficient Hb monitoring and clinical follow-up data.

2.2. Radiological data

Among the patients presenting to the outpatient clinic or emergency department, aSAH was diagnosed by evaluating clinical and 
radiological data. In patients with suspected SAH after clinical examination and anamnesis, computed tomography (CT) was per-
formed. If there was strong clinical suspicion of SAH even with negative CT scan, LP was performed. If SAH was detected and thought 
to be aneurysmal, CT angiography was performed. For patients with suspected aneurysm or other vascular pathology, digital sub-
traction angiography (DSA) was planned. When an aneurysmal SAH was detected in the patient that aneurysm was suitable to be 
treated with endovascular treatment, treatment was applied in the same or next session. In cases where surgical treatment was 
required, microsurgery was conducted at the earliest, wherein the aneurysm was clipped.

Abbreviations

aSAH aneurysmal subarachnoid hemorrhage
CT Computed tomography
Hb hemoglobin
DCI Delayed cerebral ischemia
SAH Subarachnoid hemorrhage
WFNS World Federation of Neurosurgical Societies
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2.3. Clinical evaluation

The clinical status of the patients was determined using different grading systems. Glasgow Coma Scale (GCS) as well World 
Federation of Neurosurgical Societies (WFNS) and Hunt and Hess scoring systems were used. For the ease of grouping patients, WFNS 
and Hunt and Hess scores were divided into Good and Poor groups. In both scoring systems, patients with a score of 1–3 were included 
in the Good group, and those with a score of 4–5 were included in the Poor group.

The day after bleeding onset when neurological decline was observed was recorded for all patients. The investigation of the causes 
of neurological deterioration was primarily conducted to accurately diagnose delayed cerebral ischemia (DCI). The definition of DCI 
was established as a condition characterized by focal neurological deficits or a decline of 2 points in the Glasgow Coma Scale (GCS) that 
occurs more than three days after aneurysm rupture, lasting for more than 1 h, and not attributed to any other cause based on findings 
from CT, MRI, or other imaging and laboratory studies. Patients were diagnosed with DCI after their epicrisis notes and radiological 
examinations were reviewed and other causes were excluded. The day of DCI development after aSAH as well as the time period in 
which surgical site infection occurred most frequently was also recorded. This analysis was conducted by dividing the time period into 
three groups: first 3 days, days 3–14, and days 14–21. The presence or absence of radiological vasospasm was recorded. CT angiog-
raphy, MR angiography, or DSA records were reviewed and stenoses of ≥10 % were taken into consideration. The measured points and 
anatomical variations were double-checked by two readers. All values were measured on Radiant viewer. The evaluator made a 
determination regarding whether the vasospasm was due to a possible spasm or was attributable to pre-existing conditions such as 
developmental hypoplasia or atherosclerosis. The correlation between radiological vasospasm and DCI was analyzed.

2.4. Hb monitoring

The patients’ Hb levels were monitored daily. If two or more Hb measurements were taken on the same day, the first value was 
considered. Data on transfusion was not always available and hence was not considered. If the course of the disease resulted in 
discharge or death in the first 3 days, these patients were excluded. Patients who were not followed-up for 14 days and discharged or 
died were evaluated based on the Hb levels measured during the respective follow-up period. Studies have shown that Hb value < 10 
g/dl is associated with cerebral hypoxia [9]. The threshold hemoglobin (Hb) value for anemia in patients with aneurysmal sub-
arachnoid hemorrhage (aSAH) has been established at 12 g/dl. In the normal population, the threshold values for anemia are 
determined to be 13.6 g/dl for males and 12 g/dl for females [10]. According to these data, patients are grouped according to their Hb 
values; The mean Hb levels were divided into three groups, <10 g/dl, 10–13 g/dl, and >13 g/dl, and the incidence of DCI was 
compared between these groups. Hb levels were analyzed based on mean values. In addition, the area under the curve of daily Hb 
levels was calculated and compared to the incidence of DCI. A cutoff Hb value was determined as a predictor of DCI. We also examined 
if there was a correlation between mean Hb levels and patients with neurologic decline and mortality.

2.5. Statistical analyses

SPSS 24.0 package program was used for statistical analyses. A p value of <0.05 was considered statistically significant. Descriptive 
analyses were conducted; categorical variables were presented as numbers and percentages, whereas continuous variables were 
presented as mean (±standard deviation) and median (minimum–maximum). Chi-squared and Fisher’s exact tests were used to 
analyze independent categorical variables. In the analysis of continuous variables, normality assumptions were evaluated with 

Table 1 
Patient characteristics during hospitalization.

Variable Type N %

Radiological vasospasm on admission
No 90 34.7
Yes 169 65.3
Intervention type
Surgical 202 78.0
Endovascular 56 21.6
Surgical + Endovascular 1 0.4
Neurological decline
No 126 48.6
Yes 127 49.0
Unknown 6 2.3
Day of neurological decline
Mean ± SD 5.25 ± 5.79 
Median (Min–Max) 4 (0–39) 
Late cerebral ischemia 50 39.0
Day of LCI development
Mean ± SD 6.88 ± 3.39 
Median (Min–Max) 6 (0–17) 
3–14 days 47 
>14 days 3 
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Kolmogorov–Smirnov and Shapiro–Wilk tests. Student’s t-test was used to compare normally distributed variables, whereas Man-
n–Whitney U test was used to compare non-normally distributed variables (Tables 1–4). Wilcoxon signed-rank test was used to 
compare dependent groups. Receiver operating characteristics (ROC) analysis was performed to determine the cutoff value and 
calculate the area under the curve. Variables associated with DCI were also evaluated through logistic regression analysis.

The study followed STROBE guideline. The study was approved by the Health Sciences University Dışkapı Yıldırım Beyazıt Training 
and Research Hospital(No:145/20 Date:August 29, 2022) and written informed consent was obtained from all study participants 
regarding publication of their data.

3. Results

Among all 259 patients, DCI was observed in 50 patients (19.3 %) but not in 201 patients (77.6 %). A clear diagnosis was not 
obtained in eight patients. On average, DCI occurred in 6.88 days. The most common period of DCI development was between days 
3–14. Further, of the 259 patients included in the study, 202 (78 %) underwent surgical aneurysm clipping, 56 (21.6 %) underwent 
endovascular treatment, and 1 underwent both surgical and endovascular treatment. Further, 169 patients (65.3 %) had radiologic 
vasospasm, and DCI was observed in 43 of these patients (43/169; 25.4 %; p < 0.001). Of the 90 patients (90/259; 34.7 %) without 
radiological vasospasm, DCI was detected in 7 patients (7/90; 77.7 %). Overall, 126 (48.6 %) patients exhibited neurological decline 
during follow-up, and DCI was observed in 39 % of these patients. Further, 60 patients had Hb levels <10 g/dl, 156 patients had Hb 
levels between 10 and 13 g/dl, and 43 patients had Hb levels >13 g/dl (Table 1).

A significant relationship was found between DCI, mean Hb level, WFNS, Hunt and Hess and Fisher scores at admission, and 
modified Rankin scores at discharge and 6 months. No significant correlation was found between radiological vasospasm, type of 
intervention, and modified Rankin scores (Table 2).

Mean Hb levels were analyzed with regard to the presence or absence of DCI. Patients with lower mean Hb levels had DCI. 
Moreover, statistical analyses revealed that patients with Hb levels of <10 g/dl had a higher frequency of DCI than those with Hb levels 
of <10.75 g/dl (35 % vs. 33 %; p < 0.002 and p < 0.001, respectively). In addition, patients with Hb levels <10.75 g/dl experienced 
DCI more frequently (Table 3).

The relationship between Hb levels and DCI was evaluated separately in patients who underwent surgical and endovascular 
treatment. Similar results were observed for patients who underwent surgical treatment, whereas no statistically significant difference 
was found in patients who underwent endovascular treatment.

A significant relationship was found between DCI and Hb level using ROC analysis. The area under the curve was 0.680 and the 
cutoff value for Hb was 10.75 g/dl. This cutoff Hb value had a sensitivity of 66.0 % and a specificity of 66.2 % (Fig. 1).

4. Discussion

For many years, aSAH has been of interest for scientists from many fields working to reduce its mortality and morbidity. Objectively 
predicting DCI before it occurs and tailoring treatment can reduce the devastating effects of DCI. In this retrospective study, we 

Table 2 
Relationship between the clinical and radiological scoring of the patients, the interventions during hospitalization, Hb levels, and Modified Rankin 
scores at admission, discharge, and at 6 months.

Variables Modified Rankin Score at Discharge Modified Rankin Score at 6 months

0–3 4–5 Ex p values 0–3 4–5 Ex p values

Late cerebral ischemia
No 132 (65.7) 30 (14.9) 39 (19.4) <0.001 140 (69.7) 8 (4.0) 53 (26.4) 0.011
Yes 17 (34.0) 14 (28.0) 19 (38.0) 23 (46.9) 3 (6.1) 23 (46.9)
Mean hemoglobin level
<10.75 125 (79.6) 14 (8.9) 18 (11.5) <0.001 129 (82.2) 3 (1.9) 25 (15.9) <0.001
≥10.75 32 (31.4) 30 (29.4) 40 (39.2) 42 (41.6) 8 (7.9) 51 (50.5)
WFNS Admission
1–3 144 (73.1) 18 (9.1) 35 (17.8) <0.001 149 (76.0) 3 (1.5) 44 (22.4) <0.001
4–5 13 (21.0) 26 (41.9) 23 (37.1) 22 (35.5) 8 (12.9) 32 (51.6)
Hunt and Hess scale Admission
1–3 145 (71.4) 22 (10.8) 36 (17.7) <0.001 151 (74.8) 3 (1.5) 48 (23.8) <0.001
4–5 12 (21.4) 22 (39.3) 22 (39.3) 20 (35.7) 8 (14.3) 28 (50.0)
FISHER Admission
1–3 96 (81.4) 8 (6.8) 14 (11.9) <0.001 95 (81.2) 1 (0.9) 21 (17.9) <0.001
4 60 (42.9) 36 (25.7) 44 (31.4) 75 (53.6) 10 (7.1) 55 (39.3)
Radiological vasospasm
No 65 (72.2) 8 (8.9) 17 (18.9) 0.010 66 (73.3) 3 (3.3) 21 (23.3) 0.215
Yes 92 (54.4) 36 (21.3) 41 (24.3) 105 (62.5) 8 (4.8) 55 (32.7)
Intervention type
Surgery 126 (62.1) 38 (18.7) 39 (19.2) 0.044 137 (67.8) 9 (4.5) 56 (27.7) 0.505
Endovascular 31 (55.4) 6 (10.7) 19 (33.9) 34 (60.7) 2 (3.6) 20 (35.7)

Mann–Whitney U test was used.
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investigated whether the neurological status of aSAH patients as determined by WFNS and Hunt and Hess grading, Fisher scale scores, 
aneurysm treatment with endovascular or microsurgical technique, presence of radiological vasospasm, and anemia at admission were 
associated with DCI and mortality and morbidity. Specifically, the relationship between mean Hb levels and DCI was examined, and a 
cutoff value for Hb level was determined as a predictor of DCI [1–3].

The clinical conditions of the patients at the time of admission to the hospital have been considered as a risk factor for compli-
cations after aSAH and studies have been conducted on them. Many studies have shown that high WFNS, Hunt-Hess and Fisher grades 
are associated with poor prognosis [11,12]. In our study, when we compared WFNS, Hunt-Hess and Fisher scores with mortality and 
discharge mRS, we obtained statistically significant results in all groups. In all scores, lower scores were associated with lower 
mortality and better mRS, while higher scores were associated with higher mortality and worse mRS (p < 0,001).

In the literature, the incidence of radiological vasospasm in patients with SAH varies between 50 % and 67 %, whereas the inci-
dence of DCI is 20%–30 %. The fact that DCI does not occur in the majority of patients with radiological vasospasm is associated with 
the pathogenesis of DCI. Etminan et al. conducted a study on 413 patients investigating radiological vasospasm, DCI, and mortality. In 
that study, 194 of 413 patients had moderate radiological vasospasm, and clinical deterioration occurred in 43 % of these patients. In 

Table 3 
Relationship between the mean hemoglobin levels during hospitalization and late cerebral ischemia in patients.

Hemoglobin
Late cerebral ischemia p values

No Yes

Mean ± SD 11.5 ± 1.5 10.6 ± 1.5 <0.001a

Median (Min–Max) 11.4 (8.6–15.6) 10.2 (7.9–14.5)
<10 g/dlb 38 (64.4) 21 (35.6) 0.002
10–13 g/dl 126 (83.4) 25 (16.6)
>13 g/dl 37 (90.2) 4 (9.8)
<10.75 g/dl 67 (67.0) 33 (33.0) <0.001
≥10.75 g/dl 134 (88.7) 17 (11.3)

a Mann–Whitney U test was used.
b The marked group was found to be statistically different from the other groups.

Table 4 
ROC analysis of hemoglobin levels for predicting late cerebral ischemia.

Risk Factor EAA (95 % CI) Hemoglobin cutoff value p values Sensitivity (%) Specificity (%)

Late cerebral ischemia 0.680 (0.596–0.764) 10.75 <0.001 66.0 66.2

Fig. 1. ROC curve of hemoglobin mean values for the presence of delayed cerebral ischemia.
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contrast, clinical deterioration was observed in only 14 % of the remaining 219 patients [13]. In another study of 276 patients, the rates 
of radiological vasospasm and DCI were similar; 60 out of 65 patients had DCI [14]. In another study [15], found that not all patients 
with angiographic vasospasm developed DCI. In the present study, radiological vasospasm was observed in 169 (65 %) patients, 
whereas DCI was observed in 50 (19.3 %) patients, both are consistent with the values in the literature. DCI was observed in 25.4 % of 
the patients with radiological vasospasm and in 77.7 % of the patients without radiological vasospasm. In addition, a significant 
correlation was found between DCI, mortality, and mRS in our study, whereas no statistically significant results were obtained with 
radiological vasospasm. The findings presented in our study are consistent with the those presented in the literature [5,6].

As Hb carries oxygen as well as NO, it plays an important role in the pathogenesis of DCI. The breakdown products of hemoglobin 
degradation and oxyhemoglobin are factors responsible for secondary brain injury. Oxyhemoglobin also acts as a scavenger of nitric 
oxide (NO), thereby reducing its levels. NO acts as a vasodilator, antioxidant, anticoagulant, and antithrombotic, suggesting that it 
plays an important role in DCI pathogenesis [16,17]. Many studies have revealed that low Hb levels are associated with poor clinical 
outcome. The results in the present study are consistent with that in the literature. The relationship between Hb levels and DCI, which 
we analyzed in three groups, indicated that the incidence of DCI increased as Hb levels decreased (p < 0.002). The incidence of DCI in 
patients with Hb levels of <10 g/dl was significantly higher compared to that in patients with Hb levels of 10–13 g/dl and >13 g/dl. 
The incidence of DCI was lowest in patients with Hb levels of >13 g/dl. The low WFNS and Hunt and Hess grades at admission may be a 
factor in this. In a retrospective study conducted by Kramer et al. [18], 65 of 245 patients had WFNS grades of 4–5, and 180 patients 
had WFNS grades of 1–3. The decrease in Hb levels over time was higher in patients with higher WFNS grades compared to patients 
with lower WFNS grades despite transfusion. Low Hb levels were associated with poor outcomes. Further, the decrease in Hb levels 
within 3 days was greater in patients with poor clinical status. Hb level was significantly lower in patients with DCI (Hb levels between 
9.7 and 10.8) [17]. In a retrospective study of 522 patients, Stein et al. [19] performed ROC curve analysis and determined a cutoff Hb 
value of 10.9 for predicting mortality. For vasospasm, the cutoff value was 10.4. The authors of the previous study noted that low Hb 
was associated with mortality and poor outcome. In the same study, which also evaluated patients receiving transfusions, it was 
determined that the need for transfusion, 30-day mortality, and poor clinical outcome were not significantly associated with trans-
fusion that after adjusting for mean Hb levels [19]. Naidech et al. found that low mean Hb levels were associated with poor clinical 
outcomes (11.6 ± 1.4 vs. 10.7 ± 1.1). Mean Hb was also associated with infarction independently of radiological vasospasm. In 
another study, the authors showed that maintaining high Hb levels (>11 g/dl) was associated with better outcomes [20,21]. Sun et al. 
analyzed the data of 218 patients in their retrospective cohort study and revealed that Hunt and Hess grade, Fisher grade, and 
postoperative mean Hb levels were independent risk factors for DCI. The authors found a lower incidence of DCI in patients with a 
postoperative mean Hb level of 11–12 g/dl [22]. In their study examining 413 patients included in the CONSCIOUS-1 study, Ayling 
et al. found that the incidence of DCI was high in patients with Hb < 10 g/dl along with poor clinical outcomes but it did not affect 
long-term mortality. In anemic patients, transfusion was associated with poor clinical outcomes but not if Hb level was >10 g/dl [23]. 
In a recently conducted study, 310 patients with aSAH were examined. It was found that a more sudden decrease in Hb during the 
hospital process, regardless of any absolute Hb value, was associated with both poor functional outcomes and an increased risk of DCI 
[24]. In a recent study investigating predictors of anemia, it was found that anemia is associated with prolonged hospital stay, poor 
clinical outcomes, and mortality [25]. One of the main objectives of the present study was to determine a cutoff value for Hb to predict 
DCI. In our ROC curve analysis, an Hb level of 10.75 g/dl (p < 0.001) was determined as the cutoff value for predicting DCI with 66 % 
sensitivity and 66.2 % specificity. In the present study, low Hb levels were also associated with mortality and poor neurological status. 
P values were <0.001 for mortality and mRS at discharge and at 6 months.

In the present study, Hb levels were also analyzed separately in terms of DCI in surgically and endovascularly treated patients. 
Although we wanted to contribute to the literature in this regard, we could not obtain significant results in patients that received 
endovascular treatment due to the low number of patients to perform statistical analysis. Nevertheless, the results in surgically treated 
patients were similar to the results obtained for the overall patient group. In patients treated endovascularly, the incidence of DCI was 
higher in patients with low Hb levels, but the difference was not statistically significant. Again, when surgical and endovascular 
treatment methods were compared in terms of DCI development, we could not observe any difference between these treatment 
modalities.

4.1. Limitations

Although the results provide evidence for a significant relationship between DCI and vasospasm through Hb levels, our study has 
some limitations. First of all, the study was conducted retrospectively. All patient records were kept electronically. All records were 
carefully reviewed by the research team and cross-comparisons were made for all data to minimize bias or subjective observation. Hb 
levels of the patients were recorded daily but not measured at the same time of the day. It was also not recorded whether patients 
received transfusions. Although the relationship between transfusion and DCI has not been clearly demonstrated in the literature, this 
is still one of the limitations of our study. Perfusion MRI and DSA were not performed in all patients. Although CT angiography was 
utilized, DSA is necessary for a more accurate assessment of vasospasm. Perfusion MRI is useful for the evaluation of delayed cerebral 
ischemia (DCI). Since our study is retrospective, we could not consider whether these imaging modalities were performed in order to 
avoid further limiting the number of patients included. Future prospective studies will address these limitations.

5. Conclusions

This study was conducted to provide more evidence to the literature on DCI and the patients hospitalized in our clinic were 
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evaluated according to age, gender, comorbidity, admission Glasgow Coma Scale score, admission and postoperative WFNS score, 
admission and postoperative Hunt–Hess score, Modified Rankin score, endovascular or surgical treatment of aneurysm, and daily Hb 
levels, and the effects of these factors on DCI and clinical outcomes were examined. The cutoff value identified for Hb levels can make 
an important contribution to the literature in terms of predicting DCI in patients with aSAH.

An Hb level of <10.75 g/dl in patients followed up after aSAH indicates DCI risk, and our results show that Hb level should be 
considered along with other factors in the follow-up of SAH. The results obtained in the present study make valuable contributions to 
the literature in this respect; however, DCI is still an important clinical condition and international and multicenter studies on pre-
vention and treatment are warranted.
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