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A b s t r ac t
Background: Vasospasm remains the most important predictor of outcome after aneurysmal subarachnoid hemorrhage (aSAH), especially in
those who have undergone aneurysm occlusion. Vasospasm elicits an inflammatory response. The exact temporal course of levels of inflammatory
markers vis-à-vis vasospasm remains a matter of debate, thus limiting its utility to be used as a predictive tool.
Materials and methods: A total of 103 patients of aSAH, who underwent clipping/coiling were prospectively studied. Sequential values of total
leukocyte count (TLC), platelet count, and C-reactive protein (CRP) were studied over a period of 2 weeks from the date of ictus. The temporal
course of clinical vasospasm and inflammatory markers was then evaluated.
Results: The mean age of the study group was 49.5 years. Thirty-three (32%) patients developed vasospasm. The mean day of onset of vasospasm
was day 6. Age, gender, and site of aneurysm showed no significant bearing on the occurrence of vasospasm. Inflammatory markers-TLC, platelet
count, and CRP levels were initially raised in both vasospasm and non-vasospasm groups. However, after day 10 the values became normal in
the non-vasospasm group, but these remained persistently high in the vasospasm group.
Conclusion: Persistent leukocytosis, thrombocytosis, and raised CRP beyond 7 days were found in vasospasm group. This period was beyond
the mean period of onset of vasospasm. Raised CRP on day 3 seems to have a predictive value for the vasospasm.
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Introduction

1

Vasospasm is the key determinant of morbidity and mortality
in aSAH patients who undergo successful management in the
form of clipping/coiling. It is seen in about 70% of patients
radiologically, and about 20–40% of patients are symptomatic
because of vasospasm.1,2The underlying pathophysiology of
vasospasm is complex and multifactorial. Vasodilator mechanisms
are impaired, and there is an overactivity of factors that are involved
in vasoconstriction. 3 Hence, measures aimed at understanding
vasospasm remain a matter of intense research.
Once fully established, the course of vasospasm is unfavorable
and it becomes nonresponsive to usual management strategies.
Early prediction and aggressive initial management make a
substantial difference in the outcome. Various factors like age,
gender, comorbidities, Fisher grade, location of the aneurysm, and
hematological and inflammatory markers have got the potential to
predict the subsequent development of vasospasm. Nonetheless,
the consistency and accuracy of these factors have been questioned
at times.4–14
One point of debate is the temporal course of events, that is, the
development of vasospasm vis-à-vis levels of systemic inflammatory
markers. We have tried to address this problem in the present study.

M at e r i a l s

and

Methods

This is a prospective observational study of 103 aSAH patients who
were treated at a tertiary care teaching hospital in the Northwestern
part of India. Institute ethical committee approval was taken. All
good grade SAH patients (World Federation of Neurosurgical
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Societies grade I and II; Hunt and Hess grades I–III) presenting
within 48 hours of ictus, who underwent clipping/coiling were
included. Patients presenting with established clinical vasospasm
at admission were excluded. Fisher grading as on index computed
tomography (CT) was used for radiological grading of aSAH. After
analyzing clinical and radiological data, patients were treated as
per the departmental protocol. The decision of clipping/coiling
was taken based on the location, characteristics of the aneurysm,
and choice of patient/ family members. Patients were managed in
the neurosurgical intensive care unit and were closely observed
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Time Course of Inflammatory Markers and Vasospasm after SAH
for the development of clinical vasospasm. Blood samples for
assessment of TLC, platelet count, and CRP were taken at various
intervals. The first sample was taken within 48 hours of ictus, and
then subsequent samples on days 4, 7, 10, and 14 of ictus. Patients
were clinically monitored till 14 days post-ictus or till the patient
was discharged (whichever was later).
Vasospasm was considered when there was a focal neurological
impairment (such as hemiparesis, aphasia, apraxia, hemianopia,
or neglect) or a decrease of at least two points on the Glasgow
coma scale (either on the total score or on one of its individual
components eye, motor on either side, and verbal).13
Patients suspected of having developed vasospasm underwent
non-contrast CT head to look for infarcts, and metabolic workup
was done. If no infarct was found on the CT head, a trial of induced
hypertension to increase the systolic blood pressure by 20%
above the baseline was tried. If no clinical improvement was
seen, diagnostic cerebral angiography and intra-arterial chemical
angioplasty were done with nimodipine/milrinone.

Statistical Analysis
Data analysis was done using a statistical package for the social
sciences software (SPSS) 26 (SPSS, IBM). Demographics of cases and
controls were compared using ranges, mean, and ratios, wherever
applicable. Patient-related factors, radiological findings, and serum
markers have been analyzed for association with the occurrence of
vasospasm. Pearson Chi-squared test and Fisher’s exact test have
been employed, where applicable, with a confidence interval of 95%
skewed data was analyzed using Mann–Whitney U test. Two-sided
significance tests were used throughout, and the significance level
was kept at p < 0.05.

R e s u lts
A total of 103 treated (both clipping and coiling) patients of aSAH
were studied. The mean age of the study population was 49.50 years
(range 20–85 years). The gender ratio was 1.45:1 (M-61 and F-42).

Comorbidities
A total of 57 patients were normotensive, 16 patients had controlled
hypertension, and 30 patients had uncontrolled hypertension. A
total of 15 patients had diabetes mellitus, out of which 14 patients
had good glycemic control, and one patient had poor glycemic
control. Twenty-one patients had a habit of smoking ( >5 pack years).

Radiological Findings
A total of 38 (36.9%) patients had grade IV Fisher bleed, and 55
(53.4%) patients had grade III SAH. Nine patients had grades II, and
one patient had Fisher grade I bleed.
Most common location for aneur ysm was anterior
communicating artery (n = 44 and 42.7%) followed by middle
cerebral artery (n = 24 and 23.3%). Other sites include internal
carotid artery-posterior communicating artery (ICA-P Comm)
junction (n = 21), distal anterior cerebral artery (n = 4), and posterior
circulation (n = 10) (Table 1).

Vasospasm
Clinical vasospasm was detected in 33/103 (32%) patients. The mean
day of onset of vasospasm was the 6th-day post-ictus (range day 3–11).
The mortality was 6/33 patients (18.18%) in vasospasm group while it
was 6/70 (8.57%) in non-vasospasm group (p < 0.005).
The mean age of patients in whom vasospasm occurred
was 51.1 ± 13.7 years vs 48.7 ± 10.3 years in the non-vasospasm group.

Table 1: Clinical data, comorbidities, and imaging findings of patients
Patients with non-vasospasm

Patients with vasospasm

n = 70

n = 33

Mean values
Age

20–39
40–59
≥60

13
42
15

6
16
11

Gender

Male
Female
Controlled
Uncontrolled
Absent
Present
Absent
Smoker
Nonsmoker
I
II
III
IV
A Comm
Middle cerebral artery
ICA-P Comm
DACA

28
42
10
22
38
14
56
16
54
1
9
35
25
27
18
13
4

13
20
6
8
19
1
32
5
28
0
0
20
13
17
6
8
0

Postcirculation

8

2

Hypertension

DM
Smoking
Fisher scale

Site of aneurysm

p-value*

p > 0.05
p > 0.05
p > 0.05

p < 0.05
p > 0.05
p < 0.05 (Fisher 1 and
2 vs 3 and 4)

p > 0.05

*

DM, diabetes mellitus; DACA, distal anterior cerebral artery; Chi-squared test

Journal of Postgraduate Medicine, Education and Research, Volume 56 Issue 3 (July–September 2022)

117

Time Course of Inflammatory Markers and Vasospasm after SAH

Relationship of Various Factors with Vasospasm
Preictal hypertension (whether controlled or uncontrolled) had
no relationship to the development of vasospasm following aSAH.
Surprisingly, we found that preictal uncontrolled hypertension
had a beneficial effect on vasospasm, with only eight out of 30
(26.7%) patients showing vasospasm when compared to 33.3%
in normotensives and 37.5% in controlled hypertensives. But this
observation was not statistically significant (Table 1).
Diabetes Mellitus had a paradoxical protective effect on the risk
of development of the vasospasm with only one out of 15 (6.66%)
diabetic patients having suffered from vasospasm compared to
32 out of 88 (36.36%) normoglycemic patients (p < 0.05) (Table 1).
Vasospasm occurred in 28 out of 81 (34.1%) patients who did
not smoke and five out of 21 (23.8%) patients who had the habit
of smoking (p > 0.05).
Higher Fisher grade had a definite correlation with subsequent
development of vasospasm. There was no vasospasm in 10 patients
with Fisher grades I and II. Amongst Fisher grades III and IV, 20 (out
of 55) and 13 (out of 38) patients developed vasospasm. (p < 0.05 for
Fisher I and II vs Fisher III and IV).
Trends of TLC revealed that all five serial values (over a
period of 14 days) were higher in the vasospasm group than in
the non-vasospasm group and of these, the values on day 7 and
day 10 were statistically significant (p < 0.05) (Table 2 and Fig. 1).
Platelet counts were almost similar in both the groups till day
10 of ictus. From day 10 to day 14, platelet count started increasing
in the vasospasm group while the non-vasospasm group had a
fall in platelet counts thus producing a divergent picture on line
diagram (Table 2 and Fig. 2).
C-reactive protein levels were higher in the vasospasm
group than in the non-vasospasm group. This was true for all
five sequential values and of these, the values on day 2 and day
10 were significantly high. CRP values progressively increased till

day 7 in patients without vasospasm and till day 10 in patients with
vasospasm before showing a downward trend (Table 2 and Fig. 3).

Discussion
In aSAH patients who survive initial bleed, cerebral vasospasm
remains the most important determinant of prognosis. In the present
study, nearly one-third of the patients developed vasospasm, and
the mortality in the vasospasm group was significantly higher than
in the non-vasospasm group.
A higher Fischer grade was associated with increased chances
of developing vasospasm.3,4 This has been attributed to the higher
amount of hemoglobin degradation products which activate an
inflammatory cascade leading to the vasospasm. Therefore, the
thicker the clot more will be the vasospasm.
Hypertension and smoking are considered risk factors for
the pathogenesis of intracranial aneurysms but their role in the
pathogenesis of vasospasm is not clear. We found that patients
with uncontrolled hypertension had lesser chances of vasospasm.
No definite reason could be found for this finding. A suggested
hypothesis is—high blood pressure could be serving the role to
maintain cerebral perfusion naturally as is done in the iatrogenic
double-H therapy.
There is scarce literature evidence regarding the occurrence
of vasospasm in diabetics. Dumont et al. observed that diabetics
have a higher risk of developing vasospasm.15 They postulated
that in diabetes there is microvascular damage. This leads to
dysfunction of endothelial, and muscular. Contrarily our study
found that a history of diabetes appears to be protective against
the development of vasospasm. This remains largely unexplained.
Fourteen out of 15 diabetic patients in our study had good glycemic
control implying perhaps that even diabetics with good sugar
control behave as nondiabetics as far as occurrence of vasospasm
is concerned.

Table 2: Trends of blood parameters
Non-vasospasm (N)

Vasospasm (N)

p-value*

<48 hours

11697.1 ± 4187.470

12830.3 ± 3489.233

>0.05

Day 4

12605.7 ± 3667.670

12869.7 ± 4498.133

>0.05

Day 7

10816 ± 332169

12166.7 ± 3521.333

<0.05

Day 10

9920.7 ± 413553

11463.3 ± 3769.930

<0.05

Day 14

11157.1 ± 4131.414

12021.4 ± 4644.228

>0.05

216.6 ± 91.470

215.0 ± 65.733

>0.05

Day 4

174.5 ± 69.2

70

178.4 ± 64.833

>0.05

Day 7

195.8 ± 76.469

215.4 ± 87.933

>0.05

53

30

TLC (cells/cumm) ± SD

9

Platelets (×10 /L) ± SD
<48 hours

Day 10
Day 14

288.1 ± 114

304.4 ± 107

>0.05

345.4 ± 132.413

473.8 ± 18028

<0.05

38.8 ± 57.370

57.5 ± 65.333

<0.05

CRP (mg/L) ± SD
<48 hours

70

33

Day 4

104.2 ± 71.3

Day 7

106.5 ± 68.469

115.8 ± 77.433

>0.05

Day 10

73.3 ± 65.754

114.7 ± 67.730

<0.05

Day 14

66.5 ± 48.114

78.3 ± 58.228

>0.05

111.7 ± 70.4

*

Bold values are statistically significant; SD, standard deviation; Mann–Whitney U test
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Fig. 1: Line diagram showing temporal trends of TLC (cells/cumm) in
patients with and without vasospasm

Fig. 2: Line diagram showing temporal trends of platelet count (×
103 cells/cumm) in patients with and without vasospasm

Fig. 3: Line diagram showing temporal trends of CRP levels (mg/L) in
patients with and without vasospasm

Aneurysmal SAH in itself produces an inflammatory response
irrespective of whether the patient develops vasospasm later on or
not. Therefore, in the initial few days after ictus, we found the values
of inflammatory markers like TLC, platelets, and CRP to be raised
in both vasospasm and non-vasospasm group. By approximately
day 7–10, this initial inflammatory response starts subsiding in the
non-vasospasm group leading to a normalizing/ declining trend
of these values. However, in the vasospasm group, the values of
these markers remained persistently high suggesting a persistent
activation of the inflammatory cascade.4,16,17
A study by McGirt et al. proved that rising leukocyte count was
independently associated with symptomatic vasospasm. Patients
with a peak TLC count of >15,000/dL were associated with a 9% risk
of symptomatic vasospasm.16 In our study we found that TLC values
in the vasospasm group were higher than in the non-vasospasm
group during the whole course of the disease. Of these, day 7 and
day 10 values were statistically higher in the vasospasm group. So,
in our study, TLC values could not be of much help in predicting
subsequent development of vasospasm.
Romero et al. found that CRP levels peaked by day 3 of
ictus followed by a slow decline by day 9–10 in patients with
aSAH. However, patients with persistently higher CRP levels
af ter day 9–10 had poor outcome and delayed ischemic
neurological deficits.18 In our study we found that CRP levels in
the vasospasm group were higher on day 3, and were similar to
the non-vasospasm group till day 7, again rising to a significant
difference on day 10. Hence, early raised CRP levels after ictus
and persistently raised CRP levels than the usual expected
postoperative course, maybe a pointer toward vasospasm. Since
the mean day of occurrence of vasospasm was day 6, CRP as a
marker for vasospasm both precedes and succeeds development
of vasospasm. A higher day 3 values of CRP can be a predictor of
the development of vasospasm in the next few days.
Initial values of platelet count in both groups were similar.
By day 7, the values were slightly higher in vasospasm group
reaching a level of significant difference by day 14. In the present
study, we found that raised platelet counts follow vasospasm
and can’t really be used as a predictor. The rise in the platelet
counts in the vasospasm group is believed to be due to the
release of platelet activation factors following subarachnoid
hemorrhage. Ongoing inflammation in the vasospasm group
may further increase paroxysmal atrial fibrillation levels and
platelet counts.18,19
This study was done with the idea to evaluate the temporal
course of events; that is vasospasm and levels of inflammatory
markers. Aneurysmal SAH, irrespective of vasospasm, itself
produces a systemic inflammatory response causing initial
trends of raised levels in the first 1 week. Thereafter the trends
were different in both subgroups. In the non-vasospasm group,
the values started decreasing/ becoming near normal. However,
in the vasospasm group, the inflammatory response persisted
thus producing a prolonged peak of inflammatory markers (TLC,
platelet count).
We found that systemic inflammatory markers remained
elevated after development of clinical vasospasm thus signifying
that vasospasm is not limited to brain but is a disease having
systemic manifestations. The only marker we found to have
predictive value is raised CRP on day 3 which preceded the
occurrence of vasospasm (mean day of onset of vasospasm
is day 6).
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Limitations
Most important limitation of our study is small number of patients.
Further large-scale studies are needed to measure early-phase
inflammatory markers which might have a predictive value for the
development of vasospasm.

C o n c lu s i o n
Vasospasm is the predominant cause of unfavorable outcome in
treated patients of aSAH patients. Higher Fisher grade patients had
more chances of developing vasospasm. Persistent leukocytosis,
thrombocytosis, and raised CRP beyond 7 days were found in the
vasospasm group. This period was beyond the mean period of
onset of vasospasm. Raised CRP on day 3 seems to have a predictive
value for vasospasm. Future studies aimed at measuring early phase
inflammatory markers may lead to development of predictive
models of vasospasm.
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