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Abstract
Background: Aneurysmal subarachnoid hemorrhage (aSAH) can have serious consequences related to
vasospasm and delayed cerebral ischemia (DCI). Serum biomarkers have emerged as a promising assessment
tool to facilitate earlier diagnosis of cerebral vasospasm (CV) and to identify pre-clinical vessel narrowing.
Objectives: Our aim was to detect the predictive value of serum biomarkers such as von Willebrand factor
(vWF), vascular endothelial growth factor (VEGF) and matrix metalloproteinase9 (MMP-9) in CV after aSAH.
Subjects and methods: Thirty five patients with recent aSAH were included. Patients were divided into two
groups; 19 patients (CV group) and 16 patients (non-CV group). The CV group was further subdivided into 9
symptomatic (DCI) and 10 asymptomatic patients. All patients underwent transcranial Doppler (TCD)
evaluations three times a week for 2 weeks measuring the mean flow velocities. Serum level of vWF, MMP-9,
and VEGF were assessed twice (at onset and within 2 weeks).
Results: A statistically significant increase in serum biomarker levels was found in the CV group. Cutoff value
for vWF, MMP-9, and VEGF were > 4985 ng/ml, > 495 ng/ml, and > 184 pg/ml, respectively. Statistically
significant positive correlations were found between serum levels of biomarkers and degree of vasospasm. No
difference was found in the biomarkers between symptomatic CV and asymptomatic CV.
Conclusion: Serum biomarkers are a reliable tool to predict CV following aSAH, their levels reflect the severity
of vascular vasospasm, yet, they cannot predict DCI. TCD has a strong role in early detection, monitoring of
post subarachnoid vasospasm and successfully capturing asymptomatic DCI.
Keywords: Aneurysmal subarachnoid hemorrhage, Cerebral vasospasm, Serum biomarkers, Transcranial
Doppler

Introduction
Aneurysmal subarachnoid hemorrhage (aSAH) is a
neurologic emergency caused by a brain aneurysm
burst, resulting in a bleeding into the subarachinoid
space. Around 10.5 per 100,000 persons per year
developed subarachnoid hemorrhage (SAH) [1].
Approximately 20 to 30% of patients with aSAH suffer from delayed cerebral ischemia (DCI) due to cerebral vasospasm (CV) [2]. Cerebral vasospasm is a
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heterogeneous process that has both radiographic and
clinical subtypes. Radiographic CV (RCV) is a complex transient narrowing of intradural subarachnoid
arteries and occur in up to 70%, while clinical CV
(CCV) occur in about 50% and it is a syndrome of
neurologic deterioration related to initial aSAH [3]. A
variety of different tools had been used to detect DCI
such as the occurrence of focal neurological impairment, a decrease of at least 2 points on the Glasgow
Coma Scale which lasts for at least 1 h or daily transcranial Doppler (TCD) bedside monitoring [2]. Transcranial Doppler is a recognized guideline tool for
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early detection of vasospasm [2]. Yet, the interval between TCD velocity changes and subsequent ischemia
is insufficient for optimizing the benefits of medical
management and early intervention [4]. Discovery of
serum biomarkers in the context of SAH in relation
to CV such as von Willebrand Factor (vWF), vascular
endothelial growth factor (VEGF) and Matrix metalloproteinase 9 (MMP-9) have been shown to be a reliable method for predicting CV and improve
monitoring of the response to treatment [5]. Aim of
this work is to detect the role of serum vWF, MMP-9
and VEGF as a predictive value in CV following
aSAH and to find a relationship between these biomarkers and actual occurrence and degree of CV and
also to evaluate their advantages over clinical scales
and radiological tools in predicting CV.

Subjects and methods
This is a cross-sectional study conducted on 35 patients
with recent aSAH (recruited within the first 3 days). The
number of patients is calculated with sample size for frequency in population by Openepi software with confidence interval 95%. We excluded patients with aSAH for
more than 72 h, patients who were taking anticoagulants
such or antiplatelet drugs last month, patients who had
blood diseases, patients who had liver and kidney dysfunction and women who were in pregnancy and lactation stages that may affect level of biomarkers.
They were selected from emergency departments of
Neurology and Neurosurgery departments, Cairo
University Hospitals.
The patients were divided into two groups; the first
group included patients who developed cerebral vasospasm (CV group, n = 19, 54.3%) and the second group
included patients who did not develop vasospasm (nonCV group, n = 16, 45.7%). The first group (patients who
developed vasospasm) was further subdivided into symptomatic (DCI) group (n = 9, 47.4%) and asymptomatic
group (n = 10, 52.6%).
All the patients were subjected to the Evaluation by
World Federation of Neurosurgical Societies (WFNS)
scale, Hunt and Hess (H and H) scale as a clinical tool
for severity assessment, and noncontrast CT brain with
GE multislice 64 32 detector*2 USA 2015 HS60, Korea
and graded by the modified Fisher scale as a radiological
tool for severity assessment.
Evaluation and follow-up of vasospasm and VC severity were done by TCD using EZ-DOP with software version DWL2000TM Doppler, Germany GmbH (2009)
three times per week till day 14. Measurements included
the mean flow velocity of the middle cerebral artery and
ipsilateral internal carotid artery (ICA) through the submandibular window. The Lindegaard ratio was then calculated by dividing the MFV of MCA by MFV of ICA
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[6]. Patients were classified to have vasospasm if the
MFV of MCA was > 120 cm/s and the Lindegaard ratio
of ipsilateral MCA and ICA was > 3, with mild-tomoderate vasospasm 3–4, moderate to sever 5–6 and
sever vasospasm ≥ 6 [6].
Two venous serum samples for measurement of vWF,
VEGF and MMP-9 were collected using Diagnostic
Automation Sm ELISA test kit used in ELISA DR 200D
R-200Bs Microplate Reader, 2016 China; the first sample
was collected on day 2 of aSAH onset and the second
samples were collected at day 15 for the non-CV group,
and at the time of identification of vasospasm for the
CV group. Collected blood samples were centrifuged
and the resulting supernatants were immediately frozen
at – 80 °C until analysis in the ELISA Unit of Kasr Al
Ainy University Hospital, Cairo.

Statistical analysis
Data were coded and entered using the statistical package SPSS, version 25 (SPSS Inc., Chicago, IL, USA,
2009). Data were summarized using mean and standard
deviation for quantitative variables and frequencies
(number of cases) and relative frequencies (percentages)
for categorical variables. Comparisons between groups
were done using analysis of variance (ANOVA) with
multiple comparisons post hoc test or unpaired test in
normally distributed quantitative variables while nonparametric Kruskal–Wallis test and Mann–Whitney test
were used for non-normally distributed quantitative variables. For comparing categorical data, Chi square (χ2)
test was performed. Exact test was used instead when
the expected frequency is less than 5. Correlations between quantitative variables were done using Spearman
correlation coefficient. Multivariate linear regression
model was conducted. p values less than 0.05 were considered as statistically significant.
Results
Demographic and clinical data at presentation are represented in Table 1.
TCD of the CV group shows markedly higher flow velocity at the time CV compared to non-CV group
throughout their course. The CV group MCA MV mean
was 132.15 ± 12.4, ICA MV was 34.05 ± 5.28 and
Lindegaard ratio ranged from 3 to 5.7 (11 patients had
mild to moderate while 8 patients had moderate to severe). In the non-CV group, the mean MCA MV was
45.44 ± 11.97, ICA was 29.19 ± 4.10 and Lindegaard ratio ranged from 1.1 to 2.
No statistically significant relations were found
between demographic and prior medical history data
(age, sex, smoking, diabetes and hypertension) and
WFNS or H and H grades (p > 0.05). Also, these data
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Table 1 Demographic, medical history, WFNS scale, Hunt and
Hess scale, and modified Fisher scale in study group
Demographic and medical history

Total (n = 35)

Age (years)
Range (Mean ± SD)

31–80 (55.60 ± 10.95)

Sex
Male

17 (48.6%)

Female

18 (51.4%)

Smoking

7 (20%)

DM

5 (14.3%)

HTN

7 (20.0%)

WFNS scale (on admission)

Total (n = 35)

GCS

13–15 (14.17 ± 0.89)

Motor deficit
Yes

8 (22.9%)

No

27 (77.1%)

Grades
Mild (1, 2)

27 (77.1%)

Severe (3, 4)

8 (22.9%)

H and H scale grades (on admission)

Total (n = 35)

Mild (1, 2)

20 (57.1%)

Severe (3, 4)

15 (42.9%)

Modified Fischer scale grades (on admission)

Total (n = 35)

1

11 (31.4%)

2

2 (5.7%)

3

18 (51.4%)

4

4 (11.5%)

CV group

19 patients (54.3%)

Symptomatic CV

9 patients (47.4%)

Asymptomatic CV

10 patients (52.6%)

Non-CV group

16 patients (45.7%)

CV cerebral vasospasm, DM diabetes mellitus, GCS Glascow Coma Scale, H and
H Hunt and Hess, HTN hypertension, SD standard deviation, WFNS scale World
Federation of Neurosurgical Societies scale
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did not show a difference between the CV and the nonCV groups (p > 0.05).
No statistically significant relation was detected between WFNS, Hunt and Hess grades and occurrence of
CV or DCI.
A higher proportion of patients with high grades of
modified Fisher scale was found in the CV group compared to the non-CV group (p = 0.019) yet no difference
was found between symptomatic and asymptomatic
groups.
Serum biomarkers did not differ according to sex, age,
smoking, HTN or DM.
Serum concentration of vWF, VGEF and MMP-9 in
the CV and non-CV groups in the 2nd day, were increased in a statistically significant way in the CV group
(prior to occurrence of vasospasm) compared with the
non-CV group (p < 0.001, Table 2).
Correlation between Lindegaard ratio and serum biomarker concentrations of vWF, VGEF and MMP-9 in
the study group shows highly significant positive correlation with p value < 0.001.
Binary Logistic Multi-Regression analysis was done for
vasospasm and serum biomarker variables. It showed
that serum vWF (ng/ml), VGEF (pg/ml) and MMP-9
(ng/ml) were significant predictors of vasospasm with p
values of 0.044, 0.028 and 0.012, respectively.
ROC curves were constructed for serum biomarkers in
the second day of aSAH as predictors of CV in all included patients. All serum biomarkers were significant
predictors as denoted by the significantly large area
under the curves (AUCs); elevated serum vWF levels of
more than 4985 ng/ml, MMP-9 levels of more than 495
ng/ml, and VEGF levels of more than 184 pg/ml each independently increased the odds of subsequent vasospasm (Fig. 1, Table 3).
Statistically significant positive correlation was found
between Lindegaard ratio and each serum biomarker in
the CV group (p < 0.001).

Table 2 Comparison between CV and non-CV groups in relation to serum biomarkers concentrations
Vasospasm (n = 19)

No vasospasm (n = 16)

p value

Mean ± SD

6613.26 ± 1580.23

4831.56 ± 793.44

< 0.001

Range

4540–a9421

3600–a6335

Mean ± SD

271.68 ± 92.93

119.41 ± 43.05

Range

62.9–a413

45.1–a205

Mean ± SD

798.11 ± 145.97

339.69 ± 91.54

Range

510–a1000

86.1–a495

Serum biomarkers on day 2
vWF (ng/ml)

VEGF (pg/ml)
< 0.001

MMP-9 (ng/ml)
< 0.001

CV cerebral vasospasm (ml), MMP-9 matrix metalloproteinase-9, n number, ng/ml nanogram per milliliter, pg/ml picogram per milliliter, SD standard deviation,
VEGF vascular endothelial growth factor, vWF von Willebrand factor
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Fig. 1 ROC curve: diagnostic performance of serum biomarkers concentration in discrimination between CV and non-CV patients. Abbreviations:
MMP-9 matrix metalloproteinase-9, VEGF vascular endothelial growth factor, vWF von Willebrand factor

Statistically significant increase in serum biomarkers
occurred in follow-up serum samples at the time of
vasospasm in the CV group (p < 0.05) compared to first
sample (Table 4), unlike the non-CV group who showed
no difference between the two samples (p > 0.05).
No statistically significant difference was found in
serum biomarkers of the second sample between the
symptomatic group (DCI) and non-symptomatic group
(p > 0.05, Table 4).
Diagnostic performance including cut-off values, sensitivity and specificity of serum biomarker concentration
are represented in Table 5.

Discussion
Prediction of vasospasm and delayed cerebral ischemia
in patients with aneurysmal subarachnoid hemorrhage
remains a challenge. So far, clinical predictors and imaging have offered controverted prognostic values [4].
This study showed that serum biomarkers can be predictors for CV yet they are less accurate in the prediction
of delayed cerebral ischemia (DCI). Therefore, TCD is
used as a continuous monitoring system of the CBF in
patients with aSAH to detect early signs suggestive of
CV, and TCD can successfully capture asymptomatic
DCI. In our study, age, gender, smoking, HTN and DM

Table 3 Comparison between serum biomarker concentrations on day 2 of aSAH and at time of CV
Day 2

At time of detection of CV

Paired t test

p value

Mean ± SD

6613.26 ± 1580.23

6901.89 ± 1546.96

− 2.920

0.009

Range

4540–a9421

4798–a9460

Mean ± SD

271.68 ± 92.93

329.62 ± 81.19

− 2.047

0.048

Range

62.9–a413

116–a420

Mean ± SD

798.11 ± 145.97

830.84 ± 129.85

− 4.289

< 0.001

Range

510–a1000

540–a994

Serum biomarkers of CV group
vWF (ng/ml)

VEGF (pg/ml)

MMP-9 (ng/ml)

aSAH aneurysmal subarachnoid hemorrhage, CV cerebral vasospasm (ml), MMP-9 matrix metalloproteinase-9, ng/ml nanograms per milliliter, pg/ml picogram per
milliliter, SD standard deviation, VEGF vascular endothelial growth factor, vWF von Willebrand factor
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Table 4 Comparison of serum biomarkers between symptomatic CV (DCI) and asymptomatic CV groups (at vasospasm)
Symptomatic CV (DCI, n = 9)

Serum biomarkers (day 2)

Asymptomatic CV (n = 10)

Independent t test
t

p value

0.938

0.346

0.194

0.665

0.100

0.756

vWF (ng/ml)
Mean ± SD

6984.00 ± 1720.65

6279.60 ± 1449.62

Range

4880–9421

4540–8990

Mean ± SD

281.81 ± 97.09

262.57 ± 93.27

Range

62.9–390.5

118–413

VEGF (pg/ml)

MMP-9 (ng/ml)
Mean ± SD

809.56 ± 169.55

787.80 ± 129.65

Range

510–1000

550–973

CV cerebral vasospasm, DCI delayed cerebral ischemia, MMP-9 matrix metalloproteinase-9, ng/ml nanograms per milliliter, pg/ml picogram per milliliter, SD
standard deviation, VEGF vascular endothelial growth factor, vWF von Willebrand factor

were not risk factors for the occurrence of CV. Contradictory studies have shown relation of age to CV; one
stating that it was related to younger age [7–9] and another relating it to older age [10]. Most authors have
concluded that there was no correlation between the age
and incidence or severity of CV [11–13]. Gender and
diabetes mellitus have been rejected as well by Mijiti and
colleagues (2016) as a possible cause of CV [14]. Numerous studies found that cigarette smoking or pre-existing
HTN were not associated with CV [15, 16]. Regarding
clinical and radiological severity data, our results demonstrated that there was a positive correlation between
the high grades of modified Fisher scale and the development of CV, yet, we noticed no relation between H
and H scale grades or WFNS grades and development of
CV. Previous studies have shown different results concerning CT finding in relation to worse outcome; some
showed that the higher the modified Fisher grades, the
higher the incidence of CV [17–19], while others found
no relation [7, 9]. Clinical scales relation to outcome
have shown more consistent observations as most of the
studies could not correlate initial clinical presentation of
the patient to the occurrence of CV or DCI [7, 9, 20]. In
this study, we investigated the association between initial
concentrations of serum MMP-9, vWF and VEGF which
represents markers for endothelial dysfunction with the
occurrence of the CV. We also took a second sample
either following vasospasm or at day 14 in patients who
did not develop vasospasm to follow the serum level
Table 5 Diagnostic performance of serum biomarker
concentration in discrimination of CV and non-CV patients
Serum biomarkers (Day 2)

Cutoff

Sensitivity

Specificity

Accuracy

vWF (ng/ml)

> 4985

90.68%

65.99%

81.29%

VEGF (pg/ml)

> 184

84.97%

89.96%

89.96%

MMP-9 (ng/ml)

> 495

96.29%

91.19%

94.25%

CV cerebral vasospasm, MMP-9 matrix metalloproteinase-9, VEGF vascular
endothelial growth factor, vWF von Willebrand factor

variability in different clinical progression. The main
finding of our study was a highly statistically significant
crude positive association between serum biomarker
concentrations in the first sample and incidence of CV.
Furthermore, we found that there was highly significant
positive correlation between Lindegaard ratios with
serum concentration levels of these biomarkers in all patients included in the study. The study demonstrated
that early concentrations of serum MMP-9, vWF and
VEGF were highly sensitive and specific for predicting
subsequent CV with MMP-9 being the most significant
predictor. Yet, no difference was found between patients
who developed DCI and those who did not. This finding
rejects the fact that the biomarkers were related to ischemic stroke [4]. The biomarker serum levels were not affected by demographic, medical history or clinical scales.
Also, these biomarkers had low statistically significant
correlation with modified Fisher scale grades which suggest that these biomarkers may be an independent predictor of CV. Our results were in accordance with many
studies that confirmed the relation of the serum levels of
MMP-9 [21] and vWF levels [22] to the occurrence of
the CV group compared to the non-CV group.
In the current study, cutoff values showed that elevated
serum levels of more than 4985 ng/ml, 495 ng/ml and 184
pg/ml in vWF, MMP-9 and VEGF, respectively independently increase the odds of subsequent CV. McGrit and
colleagues (2002) reported that elevated plasma vWF
levels > 5,500 ng/ml, MMP-9 levels > 700 ng/ml and
VEGF levels > 0.12 ng/ml each independently increased
the odds of CV [4]. We, thus, recommend that every institution must have their own reference cutoff value. The
serum levels of these biomarkers kept increasing in the
second sample in patients who developed CV unlike those
who did not have CV. The results of this study also
showed that the serum concentrations of these biomarkers
in the non-CV group did not increase or decrease significantly along with time, so we considered level of serum
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biomarkers in the non-CV patients (as control) a reference
value. These findings suggest that these markers may be
specific for the arterial changes associated with CV. Yet,
absence of difference between patients who developed
delayed cerebral ischemia (DCI) and those who did not
exclude the possibility of relation between these biomarkers and ischemic sequelae as stated before [22] making them specific for vasospasm. Doppler ultrasound
findings showed a highly significant positive correlation
between the Lindegaard ratio (reflecting degree of vasospasm) and serum concentration level of each one of the
biomarkers in all patients irrespective of CV. This finding
confirms that these biomarkers may play a role in the
pathophysiological mechanism of vasoconstriction, yet,
that the development of CV begins when these biomarkers cross a certain threshold level.

Conclusion
TCD has a significant role in early detection, monitoring
of post subarachnoid vasospasm and successfully capturing asymptomatic DCI. VEGF, MMP-9 and vWF are
strong independent predictors of vasospasm in patients
with aSAH, yet, they cannot predict delayed cerebral ischemia. These biomarkers show better predictive value
for CV compared to patient’s initial clinical presentation
and brain imaging.
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