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Abstract
Objective  To investigate the impact of human serum albumin (HSA) levels on symptomatic cerebral vasospasm (SCVS) in 
patients with aneurysmal subarachnoid hemorrhage (aSAH).
Methods  We retrospectively reviewed the medical records. SCVS was defined as the development of a new neurological 
deterioration when the cause was considered to be ischemia attributable to vasospasm after other possible causes of worsening 
had been excluded. The aSAH patients were divided into two groups: those with SCVS (group 1) and those without SCVS 
(group 2). The HSA level data on the 1st, 2nd, and 3rd day after admission was collected. Multivariate logistical regres-
sion and receiver operating characteristic (ROC) analysis were performed to evaluate the ability of HSA level to predict the 
development of SCVS.
Results  A total of 270 patients were included in our study, of which 74 (27.4%) developed SCVS. The average and lowest 
HSA levels were lower in group 1 (P < 0.001). In univariate logistic regression, white blood cell count, neutrophil count, 
and average and lowest HSA levels were associated with SCVS. After adjustment for age, CT Fisher grade, Hunt-Hess grade, 
and WFNS grade, both the average and lowest HSA levels remained independent predictors of SCVS (P < 0.001). The CT 
Fisher grade was confirmed to be an independent predictor of SCVS across each model. ROC analysis revealed that the 
lowest HSA level was a better predictor for SCVS than average HSA level and CT Fisher grade.
Conclusion  Clinicians are encouraged to measure HSA levels for the first 3 days after admission to predict the occurrence 
of SCVS after aSAH.
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Introduction

Based on data generated from 2013 to 2019 in the China 
Stroke High-risk Population Screening and Intervention 
Program, stroke was the leading cause of death and years 
of life lost in China. Aneurysmal subarachnoid hemorrhage 
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(aSAH) accounts for 4.4% of all strokes [1]. aSAH is a dev-
astating cerebral vascular disease, with at least a quarter 
of patients dying, and approximately half of survivors are 
left with some persistent neurological deficit [2]. Due to the 
mature technology of clipping and endovascular coiling, the 
risk of rebleeding in patients with aSAH has been signifi-
cantly reduced [3], but cerebral vasospasm (CVS) continues 
to be a major cause of clinical worsening in aSAH patients 
[4]. Throughout the literature, there are various definitions 
of CVS, using terms such as symptomatic CVS (SCVS), 
transcranial Doppler (TCD) CVS, and angiographic CVS. 
Approximately 20 to 40% of patients with aSAH experience 
SCVS, which is closely associated with delayed cerebral 
infarction, leading to disturbance of consciousness, cogni-
tive impairment, permanent neurologic deficits, increased 
hospital costs, and poor 3-month outcomes [4, 5]. Up to 70% 
of aSAH patients may develop angiographic CVS, but the 
relationship between angiographic CVS and clinical symp-
toms is inconsistent [5–7]. The relationship between TCD 
CVS and clinical worsening is also unreliable [5–7]. Thus, 
SCVS is a more clinically meaningful definition than other 
definitions, and optimizing effective prediction and treat-
ment of SCVS with subsequent improvement in outcome 
will certainly have a massive impact for patients with aSAH. 
Unfortunately, current prediction and treatment of ischemic 
complications caused by SCVS after aSAH are ineffective.

A substantial amount of biomarkers and risk factors have 
been conducted in an effort to predict and prevent the occur-
rence of CVS, and those include sex, age, hypertension, cur-
rent smoking, cocaine use, leukocytosis, soluble adhesion 
molecules, lipid peroxides, cell proliferation and growth fac-
tors, endothelin 1, hypomagnesemia, genetic markers, WFNS 
grade, Hunt-Hess grade, Glasgow Coma Scale score, CT 
Fisher grade, thick cisternal clot on CT, size and location of 
aneurysm, and so on [8]. However, it is not easy to be popular-
ized in clinical work to detect these biomarkers, and the effect 
of them on the development of CVS remains controversial. To 
optimize the outcome of SAH patients, it is necessary to seek 
a new biomarker for the prediction and prevention of CVS.

Although the pathophysiology of SCVS remains com-
plex and is not completely understood, it is widely accepted 
that the local inflammatory response and oxidative stress 
play an important role in the process of SCVS development 
[9]. Since human serum albumin (HSA) is an essential pro-
tein with anti-inflammatory and antioxidant properties [10], 
HSA is suspected to play a role in the development of SCVS. 
Hypoproteinemia is known to be associated with increased 
morbidity and mortality in a variety of diseases. Furthermore, 
several preclinical and clinical studies have demonstrated the 
role of HSA as a neuroprotective treatment in aSAH [11, 12]. 
Intravenous infusion of HSA could reduce cerebral injury and 
improve neurological outcomes in the early stage of SAH in 
Sprague–Dawley rats [11]. The Albumin in Subarachnoid 

Hemorrhage (ALISAH) multicenter pilot clinical trial revealed 
that 1.25 g/kg/day HSA treatment was not only safe but also 
might produce a better functional outcome 3 months after 
aSAH [12]. However, the mechanism why HSA level influ-
ence the outcome of aSAH has not been fully studied. Previous 
studies have identified that patients with aSAH at higher risk 
of CVS were younger, and had a history of smoking, advanced 
SAH severity, poor hemodynamic status, and hypotension 
[13]. However, limited data are available on the impact of the 
HSA on the development of the SCVS. Therefore, the purpose 
of our study was to investigate the effect of HSA levels on 
the occurrence of SCVS after aSAH. Our hypothesis was that 
reduced HSA levels would be associated with an increased 
occurrence of SCVS in patients with aSAH.

Materials and methods

Study population

In this retrospective study, we used data from existing medical 
records of patients with a primary aSAH diagnosis who were 
admitted to multiple medical centers from September 2018 to 
June 2021. The multiple medical centers include the Depart-
ment of Neurology and Neurosurgery in The First Affiliated 
Hospital of Anhui Medical University, the Department of Neu-
rology in The Affiliated Huai’an Hospital of Xuzhou Medical 
University, and the Department of Neurology in The Affiliated 
Huaian No.1 People’s Hospital of Nanjing Medical University. 
The inclusion criteria were as follows: (1) the diagnosis of 
SAH met the diagnostic criteria of the 2015 edition of Chinese 
Guidelines for the Diagnosis and Treatment of Subarachnoid 
Hemorrhage [14]; and (2) the intracranial aneurysms were 
detected by head DSA or CTA. (3) Head CT was performed in 
time when neurological deterioration occurred. Patients were 
treated according to the standardized protocol provided by the 
guidelines for the management of aSAH [14]. The exclusion 
criteria were as follows: (1) treated with exogenous albumin 
administration; (2) with non-aneurysmal SAH, such as trauma, 
moyamoya disease, vasculitis, arteriovenous malformation 
rupture, and so on; (3) with dissecting aneurysms; (4) without 
identified source of bleeding using cerebral angiography; (5) 
rebleeding after initial bleeding; (6) lost to follow-up; and (8) 
HSA levels were not measured three times in the first 3 days 
after admission. Informed consent was obtained in all cases 
included in the present study and the protocol was approved by 
the local ethics committee of the hospital.

Data collection

We retrospectively collected data from existing medical 
records. Baseline demographics (age and sex), vascular risk 
factors (hypertension, diabetes mellitus, current smoking), 
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other laboratory work-ups (HSA level, neutrophil count, lym-
phocyte count, white blood cell count), imaging data (rupture 
aneurysm size and location), and clinical and radiological 
severity (WFNS grade, Hunt-Hess grade, CT Fisher grade) 
were collected. The data on whether SCVS occurred were col-
lected and reassessed by two certified neurologists based on 
medical records. The CT Fisher grade was split into 2 groups 
(grades I–II, grades III–IV), the Hunt-Hess grade was split 
into 2 groups (grades I–II, grades III–V), and the WFNS grade 
was divided into 2 groups (grades I–III and grades IV–V). The 
functional outcome was assessed 3 months after discharge 
using the GOS score obtained via telephone interviews. Good 
functional outcome was defined as a GOS score of 4–5, and 
poor functional outcome was defined as a GOS score of 1–3.

Definition of SCVS

SCVS is an ischemic consequence syndrome of CVS char-
acterized by decreased levels of consciousness (a decrease 
of at least 2 points on the Glasgow Coma Scale (either on 
the total score or on one of its individual components [eye, 
motor on either side, verbal])) or focal neurological impair-
ment (such as hemiparesis, aphasia, apraxia, hemianopia, or 
neglect). This is not apparent immediately after aneurysm 
occlusion and should last for at least 1 h, and cannot be 
attributed to other causes [15]. In our study, the diagnosis 
of SCVS was adjudicated by consensus of two certified neu-
rologists based on the presence of angiographic CVS and 
neurological deterioration, when the cause was thought to 
be ischemia attributable to CVS after other possible causes 
of neurological deterioration (rebleeding, hydrocephalus, 
seizures, metabolic derangement, infection, excessive seda-
tion, hypotension, hypoxia, fever, heart failure, and cerebral 
edema) had been excluded [5].

Measurement of HSA level

The HSA level data were collected from medical records. In 
all institutions, the registered nurses working in the hospital 
collected the specimens to send them to the laboratory for 
analysis. Then, the HSA specimens were measured by a BCP 
kit in accordance with the manufacturer’s instructions. The 
HSA level was measured on the 1st, 2nd, and 3rd day after 
admission, with an interval of 24 h each time. Three HSA 
predictor variables were calculated, including average HSA 
level, lowest HSA level, and highest HSA level.

Statistical analysis

The analysis was carried out on all patients included in the 
study. SPASS statistical software was used for data analysis. 

Variables were expressed as the mean ± SD or percentage 
of patients. Count data, including sex, hypertension his-
tory, diabetes history, current smoking, Hunt-Hess grade, 
CT Fisher grade, WFNS grade and GOS score, aneurysm 
location, and surgical approach, were compared by χ2 test. 
Measurement data, including age, average HSA level, low-
est HSA level, highest HSA level, white blood cell count, 
lymphocyte count, and neutrophil count, were compared by 
t test. Multivariable binary logistical regression was per-
formed to analyze the laboratory predictors of SCVS. We 
performed univariate logistic regression for each laboratory 
variable. All variables with P-values < 0.05 from univari-
ate logistic regression analysis were entered into a multi-
variable logistic regression model, whereby each laboratory 
value was adjusted by covariates. The covariates entered in 
the multivariable logistical regression were age, CT Fisher 
grade, Hunt-Hess grade, and WFNS grade. The laboratory 
values entered in the multivariable logistical regression were 
white blood cell, neutrophil, and lowest and average HSA 
levels. Prior to formulation of the final regression model, we 
evaluated the covariables above for multicollinearity, which 
defined as variance inflation factor ≥5 or tolerance of <0.20, 
was assessed using weighted linear regression. Finally, anal-
ysis of the receiver operating characteristic (ROC) curves 
and the area under the ROC curves (AUC) was performed 
to evaluate the predictive value of HSA level and CT Fisher 
grade on the occurrence of SCVS. Two-tailed P-values of 
<0.05 were considered as statistically significant.

Results

Clinical data

Of 457 screened patients with SAH, 349 (76.4%) had an 
intracranial aneurysm as the confirmed source of hemor-
rhage. Of these, 270 (77.4%) were included in the study 
(Fig. 1). Seventy-nine patients with aSAH were excluded 
due to less than three HSA measurements in the first 3 days 
after admission (n = 56), exogenous albumin administration 
(n = 11), loss to follow-up (n = 8), and rebleeding (n = 4).

Patient characteristics are shown in Table 1. The aSAH 
patients were divided into two groups: those in whom SCVS 
occurred (group 1) and those in whom SCVS did not occur 
(group 2). Group 1 comprised 74 patients (43.2% male), 
and group 2 comprised 196 patients (30.6% male). SCVS 
occurred between 3 days and 2 weeks after aSAH in group 
1. The average age of the patients was 62 years old in group 
1 and 58 years old in group 2. The common location of 
aneurysms was the anterior communicating artery in group 1 
(40 cases) and group 2 (106 cases). In terms of the aneurysm 
surgery method, aneurysm clipping was performed in 8.5% 
(23 cases), aneurysm coiling was performed in 90.4% (244 
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cases), and aneurysm surgical treatment was not performed 
in 1.1% (3 cases). Among group 1, 39 patients (52.7%) 
underwent DSA, 21 patients (28.4%) underwent CTA, and 
14 patients (18.9%) underwent DSA and CTA.

Comparisons of demographic, clinical, laboratory, and 
radiological data in patients with aSAH according to the 
occurrence of SCVS are presented in Table 1. The uni-
variate analysis did not identify any significant difference 
in sex (male 43.2% vs. male 30.6%, P = 0.051), history 
of hypertension (70.3% vs. 61.2%, P = 0.168), history of 
diabetes (13.5% vs. 11.2%, P = 0.604), current smoking 

(10.8% vs. 12.8%, P = 0.664), or lymphocyte count (1.79 
± 3.51 vs. 1.41 ± 2.49, P = 0.324) between group 1 and 
group 2. Patients in group 1 were likely to be older (62.32 
± 8.56 vs. 58.83 ± 11.53, P = 0.018) and to have a higher 
white blood cell count (12.89 ± 5.71 vs. 10.27 ± 4.13, P 
< 0.001) and neutrophil count (13.57 ± 15.20 vs. 8.96 ± 
6.98, P = 0.001). Overall, Hunt-Hess grade, CT Fisher 
grade, and WFNS grade were significantly higher in group 
1 than in group 2 (P < 0.001). Hunt-Hess grades III–V 
(63.5% vs. 21.9%, P < 0.001), CT Fisher grades III–IV 
(78.4% vs. 17.3%, P < 0.001), and WFNS grades IV–V 

Fig. 1   Study design with inclu-
sion and exclusion criteria for 
aSAH patients
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(73.0% vs. 20.9%, P < 0.001) were more common in group 
1 than in group 2.

Predictive values of HSA level and CT Fisher grade 
for SCVS in aSAH

Comparisons of HSA levels between group 1 and group 
2 in this study are presented in Table 1. The highest HSA 
level (38.96 ± 3.48 vs. 39.73 ± 3.18, P = 0.058) was 
numerically lower in group 1 than in group 2, but the 
difference was not statistically significant. Patients were 

significantly more likely to have lower average HSA 
levels (34.65 ± 2.50 vs. 37.39 ± 2.89, P < 0.001) and 
lowest HSA levels (30.20 ± 2.88 vs. 34.48 ± 3.15, P < 
0.001) in group 1 than in group 2. Univariate logistic 
regression was performed to investigate the associa-
tion between laboratory variables and SCVS. The white 
blood cell count, neutrophil count, and lowest and average 
HSA levels revealed the ability to predict development of 
SCVS (Table 2). After adjusting for baseline differences 
in age, CT Fisher grade, Hunt-Hess grade, and WFNS 
grade in multivariable logistic regression, both the lowest 

Table 1   Baseline characteristics 
of aSAH patients with and 
without symptomatic cerebral 
vasospasm

WFNS World Federation of Neurosurgical Societies, GOS Glasgow Outcome Scale; independent sample t 
test*, and the χ2 test**

All (n = 270) Group 1 
(SCVS)
(n = 74)

Group 2 
(No-SCVS)
(n = 196)

P-value

Demographics
  Age, mean (SD), years* 59.8 (10.71) 62.32(8.56) 58.83 (11.53) 0.018
  Sex, male (%)** 92 (34.1) 32 (43.2) 60 (30.6) 0.051
Vascular risk factors
  Hypertension, n (%)** 172 (63.7) 52 (70.3) 120 (61.2) 0.168
  Diabetes mellitus, n (%)** 32 (11.9) 10 (13.5) 22 (11.2) 0.604
  Current smoking, n (%)** 33 (12.2) 8 (10.8) 25 (12.8) 0.664
Radiological data
  CT Fisher grade, n (%)** <0.001
    I–II 178 (65.9) 16 (21.6) 162 (82.7)
    III–IV 92 (34.1) 58 (78.4) 34 (17.3)
  Aneurysm location, n (%)** 0.543
    Anterior 146 (54.1) 40 (54.1) 106 (54.1)
    Posterior + others 82 (30.4) 20 (27.0) 62 (31.6)
    Multiple aneurysms 42 (15.6) 14 (18.9) 28 (14.3)
  Surgical approach, n (%)** 0.085
    Clipping 23 (8.5) 10 (13.5) 13 (6.8)
    Coiling 244 (90.4) 62 (83.8) 182 (95.3)
    None 3 (1.11) 2 (2.7) 1 (0.5)
  Hunt-Hess grade, n (%)** <0.001
    I–II 180 (66.7) 27 (36.5) 153 (78.1)
    III–V 90 (33.3) 47 (63.5) 43 (21.9)
  WFNS grade, n (%)** <0.001
    I–III 175 (64.8) 20 (27.0) 155 (79.1)
    IV–V 95 (35.2) 54 (73.0) 41 (20.9)
  GOS score, n (%)** <0.001
    1–3 79 (29.3) 53 (71.6) 26 (13.3)
    4–5 191 (70.7) 21 (28.4) 170 (86.7)
Laboratory data
  Average albumin, mean (SD)* 36.64 (3.04) 34.65 (2.50) 37.39 (2.89) <0.001
  Lowest albumin, mean (SD)* 33.31 (3.62) 30.20 (2.88) 34.48 (3.15) <0.001
  Highest albumin, mean (SD)* 39.52 (3.27) 38.96 (3.48) 39.73 (3.18) 0.058
  White blood cells, mean (SD)* 10.99 (4.75) 12.89 (5.71) 10.27 (4.13) <0.001
  Neutrophil, mean (SD)* 1.52 (2.80) 13.57 (15.20) 8.96 (6.98) 0.001
  Lymphocyte, mean (SD)* 10.22 (10.11) 1.79 (3.51) 1.41 (2.49) 0.324
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and average HSA levels predicted SCVS (Table 3). Low-
est albumin had the lowest odds ratio (OR) of 0.641 (95% 
CI 0.550–0.747, P < 0.001, Table 3). Additionally, the 
CT Fisher grade was confirmed to be an independent pre-
dictor of SCVS across each model (P < 0.05, Table 3). 
Multicollinearity was evaluated between the independent 
variables and development of SCVS, and the VIF value 
was less than 5, while the tolerance value was more than 
0.2, indicating that the covariables did not demonstrate 
multicollinearity. The predictive performance of HSA 
level and CT Fisher grade for the early prognostication 
of SCVS was evaluated using ROC analysis. The lowest 

HSA level showed modest ability to distinguish between 
patients with and without SCVS (AUC = 0.843, 95% CI 
0.793–0.893, P <0.001), and those with an HSA level < 
32.55 g/L were more likely to develop SCVS (Youden’s 
index = 0.561, sensitivity = 85.1%, specificity = 71.0%, 
Fig. 2). The average HSA level significantly differentiated 
between groups (AUC = 0.764, 95% CI 0.703–0.825, P 
< .0001), and those with average HSA level < 35.57 g/L 
were more likely to develop SCVS (Youden’s index = 
0.402, sensitivity 66.2%, specificity 74.0%, Fig. 2). The 
CT Fisher grade demonstrated significant improvement 
in distinguishing between patients with or without SCVS 
(AUC = 0.796, 95% CI 0.736–0.855, P < .001). A CT 
Fisher grade > 2 was more likely to lead to the devel-
opment of SCVS (Youden’s index = 0.509, sensitivity 
70.3%, specificity 80.6%, Fig. 3). In addition, the predic-
tive performance of the lowest HSA level for the occur-
rence of SCVS was better than that of the average HSA 
level and CT Fisher grade.

Association of the SCVS with functional outcome 
after aSAH

Comparisons of functional outcomes between group 1 and 
group 2 are presented in Table 1. Patients in group 1 were 
likely to have worse functional outcomes, as reflected by 
lower GOS after discharge (71.6% vs. 13.3%, P < 0.001).

Table 2   Univariate logistic regression analysis of laboratory values to 
predict symptomatic cerebral vasospasm

Variable Beta (SE) Unadjusted

OR (95% CI) P-value

Average albumin, 
g/L

−0.359 (0.060) 0.699 (0.622–0.785) <0.001

Lowest albumin, g/L −0.500 (0.069) 0.607 (0.530–0.694) <0.001
Highest albumin, 

g/L
−0.071 (0.042) 0.931 (0.857–1.011) 0.089

WBC, 109/L 0.115 (0.030) 1.122 (1.059–1.189) <0.001
Neutrophil, 109/L 0.048 (0.020) 1.049 (1.010–1.090) 0.013
Lymphocyte, 109/L 0.042 (0.044) 1.043 (0.956–1.138) 0.345

Table 3   Multivariable 
logistic regression analysis of 
laboratory values as predictors 
of symptomatic cerebral 
vasospasm

Models Variable Beta (SE) Adjusted OR (95% CI) P-value

1 Age −0.007 (0.019) 0.993 (0.957–1.030) 0.691
WFNS grade 1.063 (0.619) 2.896 (0.861–9.742) 0.086
CT Fisher grade 1.791 (0.551) 5.997 (2.037–17.659) 0.001
Hunt-Hess grade −0.195 (0.593) 0.823 (0.258–2.628) 0.742
Lowest albumin, g/L −0.445 (0.078) 0.641 (0.550–0.747) <0.001

2 Age −0.011 (0.018) 0.989 (0.955–1.023) 0.520
WFNS grade 0.938 (0.601) 2.555 (0.787–8.302) 0.119
CT Fisher grade 2.103 (0.515) 8.187 (2.982–22.474) <0.001
Hunt-Hess grade −0.134 (0.564) 0.875 (0.290–2.641) 0.812
Average albumin, g/L −0.320 (0.070) 0.726 (0.634–0.833) <0.001

3 Age −0.002 (0.017) 0.998 (0.965–1.031) 0.889
WFNS grade 0.968 (0.552) 2.632 (0.892–7.772) 0.080
CT Fisher grade 2.432 (0.488) 11.386 (4.374–29.641) <0.001
Hunt-Hess grade −0.338 (0.540) 0.714 (0.248–2.055) 0.532
WBC, 109/L −0.009 (0.037) 0.991 (0.921–1.066) 0.810

4 Age 0.000 (0.017) 1.000 (0.967–1.033) 0.980
WFNS grade 0.945 (0.550) 2.573 (0.875–7.563) 0.086
CT Fisher grade 2.386 (0.486) 10.868 (4.194–28.161) <0.001
Hunt-Hess grade −0.433 (0.532) 0.648 (0.229–1.839) 0.415
Neutrophil, 109/L 0.023 (0.017) 1.023 (0.990–1.057) 0.169
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Discussion

With the advancement of clipping and endovascular coiling, 
the risk of rebleeding in patients with aSAH is significantly 

reduced, CVS was considered to be the major complications 
of aSAH [3, 4], accounting for 20 to 40% of SAH cases [5]. 
In our study, the incidence of SCVS patients was 27.4%. 
CVS mostly occurred 3 days after aSAH, reached its peak 6 
to 8 days later, and resolved 2 to 3 weeks later [16]. In our 
study, SCVS always occurred between 3 days and 2 weeks 
after aSAH, which was similar to previous research. SCVS 
is closely associated with delayed cerebral infarction after 
SAH and leads to higher rates of mortality and disability in 
SAH patients [4]. Consistent with previous studies, our study 
demonstrated that the functional outcome was likely to be 
worse in patients with SCVS. Therefore, SCVS might be a 
target for interventions to improve the outcome of patients 
with aSAH. First, reliable methods are needed to predict the 
occurrence of CVS early. Some abnormal laboratory bio-
markers and risk factors have been assessed in an effort to 
predict the occurrence of CVS, and those include leukocyto-
sis, soluble adhesion molecules, lipid peroxides, cell prolif-
eration and growth factors, endothelin 1, hypomagnesemia, 
genetic markers, and so on, but the results are still inconsist-
ent due to the different definitions of cerebral vasospasm. 
These biomarkers are not easy to popularize in clinical work, 
and few reports have demonstrated their effective predic-
tive role [9]. Second, new treatment concepts of CVS are 
needed. At present, nimodipine is thought to act on cerebro-
vascular smooth muscle to prevent CVS, and it is the only 
FDA-approved medication to reduce CVS after aSAH. There 
is presently no available treatment other than nimodipine 
presently, and recent studies have found that simply blocking 
calcium ions entering vascular smooth muscle cells cannot 
completely prevent CVS [17]. There was a higher incidence 
of adverse events, complications, and clinical deterioration 
in patients with aSAH who received continuous intra-arterial 
infusion of nimodipine [18]. Therefore, many attempts have 
been made to predict and treat CVS early to optimize the 
outcome of SAH patients, but without success, so it is neces-
sary to seek new easy-to-detect biomarkers for the prediction 
and treatment of CVS.

To the best of our knowledge, our study is the first to 
investigate the relationship between HSA levels and the 
occurrence of SCVS after aSAH. We found that patients in 
the SCVS group had lower average and lowest HSA levels. 
Further multivariate logistic regression analysis suggested 
that the average and lowest HSA level was significantly 
associated with the occurrence of SCVS after aSAH. In 
addition, this trial provides a biomarker for the occurrence 
of SCVS after aSAH, with lowest HSA level < 32.55 g/L 
and average HSA level < 35.57 g/L as a preliminary cut-
off value. Below the HSA cutoff value, the probability 
of SCVS significantly increased. We hypothesized that 
patients with lowest HSA level < 32.55 g/L and average 
HSA level < 35.57 g/L during the first 3 days after admis-
sion were more likely to develop SCVS.

Fig. 2   Receiver operating characteristic curve (ROC) for the value of 
lowest and average HSA levels to predict SCVS. The area under the 
curve was calculated to be 0.863 for lowest HSA level and 0.764 for 
average HSA level

Fig. 3   Receiver operating characteristic curve (ROC) for the value of 
CT Fisher grade to predict SCVS. The area under the curve was cal-
culated to be 0.796 for CT Fisher grade
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Clinically, the characteristic of aSAH is extravasation of 
blood into the spaces covering the central nervous system 
that are filled with cerebrospinal fluid; therefore, the etiology 
of CVS is thought to be associated with the spasmogenic and 
neuroinflammatory substances generated from the lysis of 
subarachnoid blood [19]. The following mechanism for the 
development of CVS is generally accepted: (1) A signifi-
cant decrease in colloid osmotic pressure may induce CVS 
after SAH [20]. (2) aSAH causes white blood cell infiltra-
tion and neutrophil recruitment, which weaken microvas-
cular perfusion and lead to the release of a large number of 
inflammatory mediators, thus inducing cerebral vasospasm 
[21]. In our study, the white blood cell count in the SCVS 
group was statistically significantly higher than that in the 
group without SCVS, suggesting that patients in the SCVS 
group exhibited higher inflammatory properties. In addition, 
oxidative stress is closely related to CVS, and inhibition of 
inflammation and antioxidants may significantly decrease 
the occurrence of CVS [16, 22, 23]. (3) CVS is caused by 
an imbalance between vasoconstrictor and vasodilator sub-
stances. A large number of vasoconstrictor substances are 
produced after SAH (thromboxane A2 [16], primary pros-
taglandins (PGs) [16], interleukin-6 [24], platelet-derived 
growth factor [25], endothelin [16], etc.), while vasodilator 
substances (nitrous oxide [16], prostacyclin [16], etc.) and 
potassium channel activity decreased [26], which contrib-
uted to cerebral vasomotor dysfunction and CVS. HSA is a 
negative acute reactive protein, and its multiple brain protec-
tive effects are similar to those of CVS. Based on these find-
ings, we consider that the rationale for hypoalbuminemia-
induced SCVS is based on the assumption discussed below: 
First, the role of HSA in the maintenance of colloid osmotic 
pressure. Patients with aSAH are prone to hypoalbuminemia 
due to systemic inflammation, pain, vomiting, disturbance 
of consciousness, and excessive consumption. A previous 
study demonstrated that the decreased level of HSA was 
accompanied by a decrease in colloid osmotic pressure, and 
the significant decrease in colloid osmotic pressure levels 
indicated the occurrence of CVS after aSAH [20]. Second, 
HSA has a role in limiting leakage from capillary beds by 
altering the nature and distribution of glycoproteins in the 
vessel wall during stress-induced capillary permeability 
[27]. Patients with aSAH suffer from severe acute stress, 
and the low level of HSA may reflect higher vascular per-
meability and a disrupted blood-brain barrier. Spasmogenic 
and inflammatory substances are more likely to extravasate, 
leading to SCVS. Third, HSA is the most important source 
of sulfhydryl groups, which can protect NO from rapid deg-
radation, have an important effect on vasodilatory properties, 
and affect vascular NO signal transduction [28]; therefore, it 
is possible that HSA can regulate vascular tone in different 
vascular beds. Fourth, HSA has a role in inhibiting neutro-
phil aggregation, scavenging inflammatory mediators and 

oxidants, reducing the inflammatory response, and block-
ing the formation of pathological lipid peroxidation and 
free radicals, thus decreasing the occurrence of SCVS [10, 
20, 29, 30]. On the other hand, the N-terminal sequence of 
albumin is chemically modified in ischemic conditions to 
generate ischemia-modified albumin (IMA), which has been 
shown in a meta-analysis to be elevated in patients with SAH 
[31]. IMA was negatively correlated with HSA levels, as 
confirmed by Van der Zee et al. [32]. Since IMA is thought 
to be the consequence of oxidative stress states, increased 
reactive oxygen species, and acidosis [33], we speculate that 
the decrease in HSA levels would lead to the elevation of 
IMA, which may contribute to SCVS.

In addition, CT Fisher grade and Hunt-Hess grade have been 
demonstrated to serve as valuable predictive factors for CVS [9]. 
In accordance with previous studies, our data also demonstrated 
that CT Fisher grade and Hunt-Hess grade were increased in the 
group with SCVS compared with the group without SCVS. Fur-
ther multivariate logistic regression analysis and ROC analysis 
suggested that CT Fisher grade > 2 was independent predic-
tors of SCVS after aSAH. According to our results, the predic-
tive performance of the lowest HSA level for the occurrence of 
SCVS may be better than that of CT Fisher grade.

Hypoalbuminemia is an epiphenomenon related to the 
severity of the clinical picture in some patients, and the 
effects of HSA on disease prognosis are mainly based on 
its anti-inflammatory and antioxidative properties [34]. 
In our study, the incidence of hypoproteinemia during 
hospitalization was 67.4% in the aSAH group and 95.9% 
in the SCVS group. Hypoalbuminemia is associated with 
increased morbidity and mortality in a variety of dis-
eases, and its predictive effects on diseases have been 
well established in previous studies [35, 36]. In our study, 
the patients with lowest HSA level < 32.55 g/L or aver-
age HSA level < 35.57 g/L may more likely to develop 
SCVS, thus the lowest and average HSA level can predict 
the probability of SCVS after aSAH. Further studies have 
suggested that hypoalbuminemia was not only common 
but also independently correlated with poor outcomes in 
aSAH patients [11]. In our study, SCVS was associated 
with poor functional outcome as reflected by a low GOS, 
similar to previous trials [11]. It has been reported that 
CVS is the main predictor of poor outcomes in patients 
with aSAH [37]. Based on these findings, we speculate 
that the lowest HSA can predict the occurrence of SCVS 
and help predict the poor functional outcome of aSAH.

This study has several limitations. First, due to the small 
number of samples, more variables, such as aneurysm shape, 
aneurysm size, and surgical treatment, could not be considered 
in the analysis. Second, this study was conducted in a single 
area, which might limit the generalizability of the results to 
other patient cohorts. However, the patients were selected 
from multiple centers via strict inclusion and exclusion 
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criteria. Third, the follow-up period was 3 months, which is a 
relatively short-term follow-up study. Thus, it is necessary to 
perform long-term follow-up studies in the future.

Conclusion

In summary, we found that the lowest HSA level, average HSA 
level, and CT Fisher grade are predictive factors for SCVS in 
patients with aSAH. SCVS may be more likely to develop if 
the lowest HSA level < 32.55 g/L, average HSA level < 35.57 
g/L or CT Fisher grade > 2, and the predictive performance of 
the lowest HSA level for the occurrence of SCVS may be better 
than that of average HSA level and CT Fisher grade. Therefore, 
the lowest HSA level can be used as a new, noninvasive, simple, 
low-cost, and feasible biomarker to predict the probability of 
SCVS after aSAH, and monitoring of HSA level is necessary in 
patients with aSAH. Clinicians are encouraged to measure HSA 
levels for the first 3 days after admission and calculate lowest 
HSA levels in patients with aSAH to help predict the occur-
rence of SCVS and take appropriate measures to prevent the 
occurrence of SCVS. In addition, since the HSA level is a factor 
that can be modified by albumin infusion, whether increasing 
the lowest HSA level by albumin infusion can affect the occur-
rence of SCVS and thus affect the functional outcome of SAH 
remains to be further investigated.
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