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Subarachnoid hemorrhage (SAH) secondary to rup-
ture of an intracranial aneurysm, aneurysmal SAH 
(aSAH), accounts for 2%–5% of all new strokes, is 

estimated to affect 21,000–33,000 patients each year in 
the US, and poses a high rate of mortality and morbid-

ity.17,29 About 50% of those who survive have long-term 
cognitive impairment or other significant functional dis-
ability.17,29

Angiographic vasospasm, characterized by vasocon-
striction of arterial blood vessels on imaging studies, 
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OBJECTIVE Clinical vasospasm and delayed cerebral ischemia (DCI) are devastating complications of aneurysmal 
subarachnoid hemorrhage (aSAH). Several theories involving platelet activation have been postulated as potential ex-
planations of the development of clinical vasospasm and DCI. However, the effects of dual antiplatelet therapy (DAPT; 
aspirin and clopidogrel) on clinical vasospasm and DCI have not been previously investigated. The objective of this study 
was to evaluate the effects of DAPT on clinical vasospasm and DCI in aSAH patients.
METHODS Analysis of patients treated for aSAH during the period from July 2009 to April 2014 was performed in a 
single-institution retrospective study. Patients were divided into 2 groups: patients who underwent stent-assisted coil-
ing or placement of flow diverters requiring DAPT (DAPT group) and patients who underwent coiling only without DAPT 
(control group). The frequency of symptomatic clinical vasospasm and DCI and of hemorrhagic complications was com-
pared between the 2 groups, utilizing univariate and multivariate logistic regression.
RESULTS Of 312 aSAH patients considered for this study, 161 met the criteria for inclusion and were included in the 
analysis (85 patients in the DAPT group and 76 patients in the control group). The risks of clinical vasospasm (OR 0.244, 
CI 95% 0.097–0.615, p = 0.003) and DCI (OR 0.056, CI 95% 0.01–0.318, p = 0.001) were significantly lower in patients 
receiving DAPT. The rates of hemorrhagic complications associated with placement of external ventricular drains and 
ventriculoperitoneal shunts were similar in both groups (4% vs 2%, p = 0.9).
CONCLUSIONS The use of DAPT was associated with a lower risk of clinical vasospasm and DCI in patients treated 
for aSAH, without an increased risk of hemorrhagic complications.
https://thejns.org/doi/abs/10.3171/2017.5.JNS17831
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is seen in up to 70% of patients following aSAH.7,21, 25,35 
Clinical or symptomatic vasospasm refers to angiograph-
ic vasospasm associated with a neurological decline and 
occurs in approximately 20%–40% of aSAH cases.9,21,25 
Delayed cerebral ischemia (DCI) is defined as a clinical 
deterioration along with associated ischemic changes ob-
served on imaging studies and is noted in about 30% of 
aSAH cases.7,26 DCI is the most important predictor of 
mortality and morbidity in patients who survive the ini-
tial neurological insult from aSAH.9,15,26 The differential 
impact of angiographic vasospasm on DCI (i.e., lack of 
clear positive relationship between them), and thus on the 
clinical outcomes, highlights the complexity and multi-
factorial nature of the pathophysiological mechanisms 
involved in DCI.26

The understanding of the pathophysiology of DCI has 
evolved over the recent years, and the focus of research 
has been directed to the multifactorial nature of DCI be-
yond mere angiographic vasospasm. Several theories have 
been postulated, including activation of the coagulation 
cascade, cortical spreading depression, activation of tis-
sue factor leading to formation of microthrombi, inflam-
matory response, and oxidative stress,26 as well as the 
effects of and complications from surgical/endovascular 
interventions. Disruption of the endothelium at the time 
of aneurysm rupture appears to initiate an inflammatory 
cascade.1 This has been associated with release of several 
proinflammatory cytokines and the activation of platelets 
and coagulation cascades, leading to the development of 
DCI and worse outcome.18,22

Given the suspected critical role of inflammatory and 
coagulation cascades in development of DCI, several an-
tiplatelet and anticoagulation agents, including aspirin, 
ticlodipine, and heparin, have been evaluated in clinical 
studies for their ability to mitigate the suspected effect 
of platelet aggregation and formation of microthrombi in 
DCI.5,6,27 A Cochrane Review of 7 clinical trials showed 
a trend toward better outcomes in aSAH patients treated 
with single antiplatelet agents, although not statistically 
significant, reflecting the need for further research.6 A 
retrospective analysis showed that low-dose intravenous 
infusion of heparin initiated after microsurgical clipping 
of ruptured aneurysms may be effective in reducing the 
risk of clinical vasospasm and delayed infarction without 
increasing hemorrhagic complications.27

Multiple studies have suggested that formation of micro-
thrombi contributes to development of DCI. Postmortem 
studies show those patients with large areas of ischemia 
had significantly increased number of microthrombi.30 A 
study using intracranial Doppler ultrasonography showed 
a trend of increased occurrence of microthrombi in those 
patients who subsequently developed DCI.24

To evaluate the likely critical role of platelets in devel-
opment of clinical vasospasm and DCI, we investigated 
the effect of aggressive platelet inhibition by dual anti-
platelet therapy (DAPT; aspirin and clopidogrel) on clini-
cal vasospasm and DCI in a single-institution retrospec-
tive study. These medications were required for patients 
who underwent endovascular interventions involving 
use of a stent or flow diverter in order to prevent in-stent 
thrombosis.

Methods
This study was a single-institution retrospective study 

conducted at University of Iowa Hospitals and Clinics in-
volving all qualifying consecutive patients who presented 
with aSAH during the period from July 2009 to April 2014 
and who were managed based on the protocol detailed be-
low. The relevant clinical information was collected dur-
ing the study period and stored in a local clinical database 
for quality control. The presence of an aneurysm causing 
aSAH was confirmed with CT angiography (CTA) and 
diagnostic cerebral catheter angiography. The study was 
approved by the University of Iowa Institutional Review 
Board.

Inclusion/Exclusion Criteria
Patients selected for this study were those who suffered 

aSAH secondary to rupture of a saccular cerebral aneu-
rysm, presented with Hunt and Hess Grade I–III or showed 
improvement of their neurological status to Hunt and Hess 
Grade I–III after ventriculostomy within 24 hours of the 
initial presentation (with Grade IV or V with clinical and 
imaging evidence of hydrocephalus), and had a CT perfu-
sion study done on admission. All the patients with aSAH 
underwent a CT perfusion study on admission, according 
to our aSAH management protocol. The Hunt and Hess 
grade for individual patients was determined at the time 
of presentation for patients without initial evidence of hy-
drocephalus (and thus not requiring ventriculostomy) and 
within 24 hours of the presentation after improvement of 
neurological status, if any, for patients who initially exhib-
ited evidence of hydrocephalus and required ventriculosto-
my. The exclusion criteria were as follows: SAH secondary 
to rupture of an aneurysm associated with an arteriovenous 
malformation or a mycotic aneurysm; microsurgical clip-
ping of the aneurysm; coiling of the aneurysm with unin-
tended protrusion of a portion of coil into the parent vessel 
requiring aspirin therapy; Hunt and Hess Grade IV or V; 
presence of intraparenchymal hemorrhage; aSAH-induced 
cardiomyopathy; death due to pulmonary embolism, myo-
cardial infarction, sepsis, and/or any medical complica-
tions; and no follow-up clinic visits. Patients who under-
went microsurgical clipping were excluded, given the risks 
of potential unique complications inherently associated 
with craniotomy and microsurgical manipulation of the 
brain and vasculature. Patients with Hunt and Hess Grade 
V were excluded because these patients, without improve-
ment of their neurological status after ventriculostomy, did 
not undergo further endovascular interventions. Patients 
with Hunt and Hess Grade IV were excluded, since neu-
rological examination of patients with poor Hunt and Hess 
grades can be difficult and limited, and we chose to include 
only patients with better clinical grades in whom neuro-
logical deterioration could be more clearly observed and 
documented.

aSAH Management Protocol
All the patients with a diagnosis of aSAH were man-

aged by a single dual-trained vascular neurosurgeon, and 
a standardized protocol was strictly followed in all cases. 
In brief, noncontrast CT of the brain, CTA, and a CT per-
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fusion study were performed on admission and/or prior 
to transfer to University of Iowa Hospitals and Clinics, a 
tertiary referral center for most aSAH cases in the state of 
Iowa. Noncontrast CT was used to assess the pattern of 
intracranial hemorrhage, the presence of hydrocephalus, 
and the degree of cerebral edema. CTA and CT perfusion 
studies were performed, respectively, to evaluate the pres-
ence, location, size, and geometry of the aneurysm and 
to gauge baseline potential cerebral blood flow changes 
related to vasospasm and/or DCI. All the patients were ad-
mitted and managed in the neurological intensive care unit 
(ICU) under the care of the neurosurgery service.

Mean arterial pressure (MAP) was maintained below 
80 mm Hg until the aneurysm was secured. An exter-
nal ventricular drain (EVD) was immediately placed if/
when obstructive hydrocephalus was noted, either prior 
to or subsequent to treatment of the unsecured aneurysm. 
The aneurysm was secured with microsurgical clipping, 
coil embolization alone, stent-assisted coil embolization, 
or flow diverter placement alone. The choice of treatment 
was based on several factors: patient age, medical comor-
bidities, presence of intraparenchymal hemorrhage and as-
sociated mass effect, and Hunt and Hess grade on admis-
sion, as well as aneurysm location, size, and morphology. 
Platelet function tests were not routinely performed for the 
patients included in this study.

If a stent or a flow diverter was used, tirofiban infusion 
was started at the maintenance dosage without bolus doses 
immediately after deployment of the stent or flow diverter 
and was continued for 2 hours after the procedure. These 
patients also received 600 mg of crushed clopidogrel and 
325 mg of aspirin via an orogastric tube at the end of the 
procedure and continued to receive both clopidogrel and 
aspirin (i.e., DAPT) daily. Those patients who underwent 
coil embolization alone without use of a stent or flow di-
verter and therefore received neither clopidogrel nor as-
pirin made up the control group. Patients who underwent 
endovascular intervention involving coiling only without 
use of a stent or flow diverter but who required daily aspi-
rin postoperatively due to partial protrusion of a coil were 
excluded from this study and not included in the control 
group.

In all cases, regardless of the type of treatment to se-
cure the aneurysm, the patients were subsequently cared 
for in the neurological ICU, and their MAP was main-
tained above 80 mm Hg after the aneurysm was secured. 
Additional CT perfusion studies were performed if neuro-
logical decline was noted on serial neurological examina-
tions, and the results were compared with the baseline per-
fusion results obtained on admission. If perfusion changes 
related to vasospasm were noted, interventions tailored to 
individual cases were performed. These interventions in-
cluded any of the following: elevation of the MAP goal to 
over 90 mm Hg; continuous intravenous nicardipine infu-
sion for 5 days; diagnostic catheter angiography followed, 
if possible, by interventions such as balloon angioplasty 
and/or intraarterial administration of nicardipine; and 
noncontrast CT and/or MRI during the admission to as-
sess DCI.

If an EVD was placed for obstructive hydrocephalus, 
the patient was gradually weaned from it, using a strict 

protocol, after the acute phase, typically 7–21 days after 
admission. The EVD was replaced by a ventriculoperi-
toneal (VP) shunt, if the patients were not able to toler-
ate weaning from the EVD. Given the possible increased 
risk of hemorrhagic complications for patients on DAPT 
(which could be required and started for any aSAH pa-
tients depending on the type of endovascular intervention 
that may precede or follow EVD placement), a strict surgi-
cal protocol was followed for placement of the EVD and 
VP shunt in all cases in which these interventions were 
needed. In brief, all surgical procedures were performed 
in the operating room by a senior-level neurosurgery resi-
dent under the supervision of the faculty neurosurgeon. 
After a small area of the pia was coagulated with bipolar 
cautery, the ventricular catheter was placed with the use of 
a Ghajar guide to approximate the appropriate trajectory 
of the catheter and minimize need for repeated catheter 
insertion. If the ventricular space was not entered appro-
priately at the first pass, the faculty surgeon took over to 
place the ventricular catheter.

Definition of Angiographic/Clinical Vasospasm and DCI
All the imaging studies were reviewed locally by clini-

cians with expertise in vascular neuroradiology who were 
not necessarily blinded to the types of endovascular inter-
ventions. Angiographic vasospasm was stratified as mild, 
moderate, or severe, according to the degree of narrowing 
of the diameter of cerebral arteries noted on the diagnostic 
cerebral catheter angiogram independently by 2 interven-
tional neuroradiologists at the time of the procedure. If 
there was disagreement, a third radiologist adjudicated. 
Narrowing by greater than 75% of the original vessel 
diameter was classified as severe vasospasm, 25%–75% 
narrowing as moderate vasospasm, and less than 25% as 
mild vasospasm. When different degrees of angiographic 
vasospasm were noted in different vascular territories in 
an individual patient, the most severe category was used 
to classify the overall angiographic vasospasm in that par-
ticular case. Focal narrowing or narrowing localized to 
1 arterial branch was considered to be focal vasospasm, 
whereas diffuse narrowing involving multiple arteries 
from different distributions was regarded as diffuse va-
sospasm. Rescue therapy (i.e., induced hypertension, con-
tinuous intravenous infusion of nicardipine, and/or endo-
vascular intervention involving balloon angioplasty with 
or without intraarterial administration of nicardipine) was 
indicated and performed only if the patients were noted to 
have an associated neurological decline (i.e., clinical va-
sospasm).

Clinical vasospasm was defined as a significant decline 
in neurological examination findings (e.g., level of con-
sciousness and ability to follow commands), accompanied 
by impaired flow changes noted on CT perfusion study or 
radiographic evidence on diagnostic cerebral catheter an-
giography. A significant decline in neurological examina-
tion findings was defined as a significant change that was 
clinically judged to necessitate evaluation with a CT per-
fusion study, including worsening level of consciousness 
(e.g., new somnolence, decreased ability to be aroused, 
change in ability to follow commands) and development 
of new motor and/or language deficits. The duration of 
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those changes was variable and not necessarily specifi-
cally documented. The standard laboratory tests were 
routinely performed to monitor and rule out metabolic 
derangements, and bedside continuous scalp electroen-
cephalography was performed as indicated to rule out sei-
zures. Clinical vasospasm required medical (e.g., induced 
hypertension, continuous intravenous infusion of nicar-
dipine) and/or endovascular interventions (e.g., balloon 
angioplasty with or without intraarterial administration of 
nicardipine), although medical/endovascular interventions 
were not required as part of the criteria for clinical vaso-
spasm in this study.

DCI was defined as any ischemic changes noted on 
noncontrast CT as hypodense areas and/or on MRI as dif-
fusion-restricted areas corresponding to the territories of 
angiographic vasospasm, as determined by board-certified 
neuroradiologists who were not necessarily blinded to the 
types of endovascular interventions. Small punctate ische-
mic changes noted on a diffusion-weighted MRI sequence 
were excluded, as these areas likely represented small air 
emboli or thrombi unintentionally introduced during en-
dovascular procedures. All the patients who developed 
clinical vasospasm and who required medical and/or en-
dovascular interventions were imaged subsequently with 
noncontrast CT and MRI with the stroke protocol. All the 
patients in the study underwent multiple noncontrast CT 
scans during their hospital course, typically after EVD 
placement, after aneurysm repair, before/after EVD wean-
ing trials, and at times of significant neurological changes. 
DCI was defined as any new ischemic change that was not 
present after aneurysm repair and larger than embolic le-
sions that could be explained by aneurysm repair.

Statistical Analysis
The data were presented as means and ranges for con-

tinuous variables and as frequencies for categorical vari-
ables. Analysis was performed using an unpaired t-test, 
Wilcoxon rank sum, chi-square, and Fisher’s exact tests 
as appropriate. Univariate analysis was used to test co-
variates predictive of the following dependent variables: 
clinical vasospasm, DCI, and unfavorable discharge out-
comes (modified Rankin Scale [mRS] scores of 3–6). In-
teraction and cofounding variables were assessed through 
stratification and relevant expansion covariates. Factors 
predictive in univariate analysis (p < 0.20) were entered 
into a multivariate logistic regression analysis. A p value 
≤ 0.05 was considered statistically significant. Statistical 
analysis was performed with SAS, version 9.4 (SAS Insti-
tute, Inc.).

Results
A total of 312 patients with aSAH were admitted and 

managed during the interval from July 2009 to April 
2014; 161 met the inclusion criteria and were selected for 
this study (Fig. 1). Of those 161 patients, 85 patients were 
treated with either stent-assisted coiling or placement of a 
flow diverter, requiring subsequent daily clopidogrel and 
aspirin (DAPT group). The remaining 76 patients who 
were treated with coil embolization without use of a stent 
or flow diverter required neither clopidogrel nor aspirin 
and made up the control group. Table 1 shows the baseline 
characteristics of both groups. There were no statistically 
significant differences between the groups with respect to 
age, Hunt and Hess grade, Fisher grade, hydrocephalus 

FIG. 1. Abbreviated flowchart for patients included in this study based on the inclusion and exclusion criteria. AVM = arteriovenous 
malformation.

Unauthenticated | Downloaded 05/23/23 11:17 PM UTC



Y. Nagahama et al.

J Neurosurg Volume 129 • September 2018706

on presentation, placement of an EVD, or placement of 
a VP shunt (Table 1). The proportion of female patients 
was greater in the DAPT group (39% vs 24%, p = 0.039). 
As expected due to technique preference, there was a 
statistically significant difference in the aneurysm loca-
tion; supraclinoid internal carotid artery (ICA) aneurysms 
were more common in the DAPT group (21% vs 5%, p = 
0.0001), whereas anterior communicating artery (ACoA) 
aneurysms were more common in the control group (58% 
vs 27%, p = 0.0001). There was no statistically significant 
difference between the 2 groups in the occurrence of hem-
orrhagic complications or infection associated with place-
ment of EVD and/or VP shunt (2% in the DAPT group vs 
4% in the control group).

The DAPT group had a significantly decreased inci-

dence of clinical vasospasm compared with the control 
group (OR 0.303, CI 95% 0.014–0.671, p = 0.003). After 
adjustment for potential confounders, such as age, sex, an-
eurysm location, Hunt and Hess grade, and Fisher grade, 
the DAPT group still had a significantly decreased inci-
dence of clinical vasospasm compared with the control 
group (OR 0.244, CI 95% 0.097–0.615, p = 0.003) (Fig. 
2). The rate of clinical vasospasm remained significantly 
lower among the patients on DAPT after adjustment for 
the degree of angiographic vasospasm (Fig. 3).

The DAPT group had a significantly lower incidence of 
DCI compared with the control group (OR 0.084, CI 95% 
0.019–0.376, p = 0.001). After adjusting for age, sex, an-
eurysm location, Hunt and Hess grade, and Fisher grade, 
the DAPT group still had significantly less DCI compared 
with the control group (OR 0.056, CI 95% 0.01–0.318, p = 
0.001) (Fig. 2).

Clinical outcome assessed using mRS scores at 6 
weeks after discharge showed that increased age (espe-
cially > 65 years) (OR 3.34, 95% CI 1.07–10.38, p = 0.037) 
and clinical vasospasm (OR 7.61, 95% CI 2.46–23.51, p 
= 0.0001) were predictors of poor outcome (mRS scores 
of 3–6) when multivariate analysis was performed (Fig. 
4). When dichotomizing clinical outcome to good (mRS 
scores of 0–2) and poor (mRS scores of 3–6), the DAPT 
group had a statistically nonsignificant trend toward bet-

TABLE 1. Characteristics of 161 patients with aSAH

Characteristic
Controls, 
n = 76 (%)

DAPT Group, 
n = 85 (%) p Value

Age in yrs, mean (SD) 51.5 (11.5) 56.1 (12.3) NS
Age ≥60 yrs 33 (43) 32 (38) NS
Female sex 18 (24) 33 (39) 0.039
Aneurysm location
 ACoA 44 (58) 23 (27) 0.0001
 ICA 4 (5) 18 (21)
Coil 76 (100) 80 (94) 0.032
Hunt & Hess grade
 II 26 (34) 37 (44) NS
 III 29 (38) 28 (33)
Fisher grade
 1 3 (4) 7 (8) NS
 2 36 (47) 37 (44)
 3 22 (29) 26 (31)
 4 15 (20) 15 (18)
Hydrocephalus 47 (62) 52 (61) NS
EVD 47 (62) 52 (61) NS
VP shunt 18 (24) 10 (12) NS
Complications 3 (4) 2 (2) NS

NS = nonsignificant.

FIG. 2. The proportion of patients with clinical vasospasm and DCI in 
the DAPT and control groups. The rates of clinical vasospasm and DCI 
were significantly lower in the DAPT group than in the control group. 
Error bars indicate 95% confidence intervals.

FIG. 3. The distribution of severity of clinical vasospasm in the DAPT 
and control groups. The rate of clinical vasospasm remained signifi-
cantly lower in the patients on DAPT after adjustment for degree of 
angiographic vasospasm.

FIG. 4. Clinical outcome as measured by mRS score depending upon 
use of DAPT. Increased age and clinical vasospasm were significantly 
associated with poor outcome. The mRS score ranged from 0 (no symp-
toms) to 6 (death), with higher scores indicated by increasingly dark 
shades of gray. The percentage values indicate proportions of the DAPT 
or control group.
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ter outcomes when compared with the control group (p = 
0.15) (Fig. 5).

Discussion
SAH secondary to rupture of an intracranial aneurysm 

represents a life-threatening condition of high mortality 
and morbidity.17,29 In particular, DCI has become recog-
nized as the most serious complication that contributes to 
neurological deterioration and poor long-term functional 
outcome. The pathophysiology of DCI likely involves not 
only the traditionally emphasized vasospasm, but also 
multifactorial processes, including platelet activation, co-
agulation, and inflammation,26 as well as the effects of and 
complications from surgical/endovascular interventions. 
Taking advantage of the recent evolution of endovascular 
treatment of aneurysms with use of a stent or flow diverter, 
which inevitably requires DAPT (with both aspirin and 
clopidogrel), we conducted a retrospective study to evalu-
ate the effect of DAPT on the risks of clinical vasospasm 
and DCI. Our study suggests that DAPT reduces the risk 
of clinical vasospasm and DCI without a significant in-
crease of hemorrhagic complications related to EVD or 
VP shunt placement. Given the small sample size of our 
study, we were not able to detect statistically significant 
long-term differences with the relatively insensitive clini-
cal outcome measures used, but there was a trend toward 
better long-term neurological outcomes for patients treat-
ed with DAPT. There was no statistically significant dif-
ference between the 2 groups in the occurrence of hemor-
rhagic complications and infection associated with EVD 
or VP shunt placement.

Our current study has several aspects that are unique: 
1) the use for the first time in this population of a more ag-
gressive dual antiplatelet regimen (previous studies used a 
single antiplatelet agent, such as aspirin or ticlopidine); 2) 
the use of CT perfusion studies on admission and at times 
of neurological decline to assess clinical vasospasm based 
on cerebral blood flow, cerebral blood volume, and mean 
transit time; and 3) careful evaluation of the risk of hemor-
rhagic complications of EVD and/or VP shunt placement 
that could be associated with use of the antiplatelet agents.

The results of this study suggest that the use of DAPT 
for management of aSAH is feasible, safe, and potentially 
efficacious in reducing the risk of clinical vasospasm and 
DCI, which may lead to better survival and long-term out-
come. These results are consistent with the critical role 
that platelets are thought to play in the coagulation/inflam-
mation cascade, as previously described in the literature 
(Fig. 6).

Platelets are rich in prostanoid and nonprostanoid sub-
stances. These cytokines play critical roles in platelet ag-
gregation, formation and propagation of microthrombi, 
activation of inflammation, and arterial vasoconstriction 
leading to clinical vasospasm and DCI.26 These cytokines 
include thromboxane A2 and B2, serotonin, adenosine 
diphosphate (ADP), and adenosine triphosphate (ATP), 
which are contained within dense granules in platelets 
and released upon platelet activation and aggregation.32 
Endothelial damage and mechanical injury to the artery 
upon aneurysm rupture lead to platelet activation and ag-
gregation, which in turn lead to release of these cytokines, 
causing vasoconstriction and formation of microthrombi. 
Furthermore, the incidence of DCI appears to be more fre-
quent in patients with higher serum levels of these vasoac-
tive substances.13,20,34

Lam et al. noted a statistically significant positive ex-
ponential correlation between the severity of vasoconstric-
tion and the degree of platelet deposition in a porcine in 
vivo model.16 Importantly, they also demonstrated that 
treatment with an antiplatelet agent, namely aspirin, sig-
nificantly reduced both the degree of platelet deposition 
and the severity of vasoconstriction.

Thromboxane B2 (TXB2), released by platelets along 
with other vasoactive substances, plays a critical role in 
inducing severe angiographic vasospasm. Juvela et al. ana-
lyzed the level of serum TXB2 in 49 patients with aSAH 
and noted that the TXB2 levels were significantly higher 
in patients who had diffuse and severe angiographic va-
sospasm.14 Serotonin is another cytokine released by ac-
tivated platelets.32 Exogenous serotonin has been shown 
to cause contraction of isolated canine coronary arteries, 
and this contraction was further enhanced with removal of 
endothelium.2–4

Several autopsy studies have suggested that micro-
thrombi may play a critical role in the development of 
DCI.19,28,30,31,33 It was observed that patients who died of 
DCI had significantly more microthrombi in areas show-
ing cerebral infarction on CT scans when compared with 
patients who died of rebleeding or acute hydrocephalus.30

Endothelial damage from aneurysm rupture can cause 
increased concentrations of platelet-activating factor, von 
Willebrand factor, and various other inflammatory cyto-
kines and coagulation factors in the systemic circulation 
and cerebrospinal fluid.8,10–12,23 Elevation of some of these 
factors, including platelet-activating factor, has been noted 
during the acute period after aSAH and has been associat-
ed with DCI, cerebral infarction, and poor outcome.8,10–12,23

These studies collectively implicated platelets and re-
lated cytokines in the development of clinical vasospasm 
and DCI (Fig. 6). These findings motivated clinicians and 
scientists to conduct clinical studies to assess the role of 
antiplatelet agents in reducing the incidence of clinical va-

FIG. 5. Dichotomized clinical outcome as measured by mRS score 
depending upon use of DAPT. The DAPT group showed a trend toward 
better outcomes when compared with the control group, although the 
difference was not statistically significant due to the limited sample size 
of this single-institution study. The data points represent the percentage 
of patients in each group who had a good outcome (mRS score of 1 or 
2) at discharge; the error bars indicate 95% confidence intervals.
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sospasm and DCI. Dorhout Mees et al. summarized these 
studies in a systematic review.6 They identified 7 random-
ized clinical trials that evaluated the role of a single anti-
platelet agent in decreasing DCI and improving functional 
outcome. They concluded that treatment with a single an-
tiplatelet agent led to a reduction of DCI (RR 0.79, 95% 
CI 0.56–1.22) and of poor outcome (RR 0.79, 95% CI 
0.62–1.01), although the decreases were not statistically 
significant. However, there were increased intracranial 
hemorrhagic complications (RR 1.36, 95% CI 0.59–3.12) 
with use of these antiplatelet agents, although again the 
difference was not statistically significant.

We recognize that our study has limitations. First, the 
choice of treatment types to secure the aneurysm was 
clinically determined, and thus treatment types and sub-
sequent use of DAPT were not randomized. The lack of 
randomization could raise a concern for a selection bias. 
For instance, there was a statistically significant differ-
ence in aneurysm location (i.e., ICA vs ACoA) between 

the DAPT and control groups. However, there were no sta-
tistically significant differences in patients’ clinical status 
(i.e., Hunt and Hess score, Fisher grade, and the presence 
of hydrocephalus) between the 2 groups at initial presenta-
tion. Second, the 2 groups of patients underwent different 
types of endovascular interventions (i.e., stent or flow di-
verter placement vs coil embolization only), which raises 
concerns about the potential confounding effect of these 
individual endovascular interventions. For instance, one 
might suspect that the use of a stent or flow diverter could 
potentially lead to a lower risk of angiographic spasm. 
However, there was no significant difference in the rate 
of the angiographic vasospasm or ischemic changes in the 
territories supplied by the parent artery where a stent or 
a flow diverter was deployed. (The rate of angiographic 
vasospasm in the territory supplied by the parent artery of 
the treated aneurysm was 82% [9 of 11 cases] with use of 
a stent or flow diverter and 88.5% [22 of 25 cases] without, 
p = 0.99.) Third, all of the imaging studies were performed 

FIG. 6. Schematic of proposed pathophysiological mechanisms that may underlie clinical vasospasm and DCI in aSAH. Platelets 
are thought to play a critical role in the development of clinical vasospasm and DCI, and DAPT may mitigate the devastating 
impacts of clinical vasospasm and DCI through its antiplatelet and antiinflammatory actions. ASA = acetylsalicylic acid (aspirin); 
Plavix = clopidogrel; TXA2 = thromboxane A2; TXB2 = thromboxane B2. Figure is available in color online only.
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as part of the patients’ regular care and were interpreted 
by clinicians who have expertise in neuroradiology but 
who were not necessarily blinded to the type of the treat-
ment the patient received, rather than being interpreted at 
a central location by clinicians blinded to the treatment 
group. Fourth, review of the inclusion/exclusion illustrates 
that there were some differences across the groups. Fifth, 
this study was innately limited by its cohort size and its 
retrospective nature. In addition, due to selection biases 
and the relatively small size of the study groups, we were 
unable to definitively assess the potential beneficial effect 
of DAPT on the long-term neurological functional out-
come. Larger, prospective, controlled, randomized studies 
will be needed to assess the safety and long-term outcome 
of the DAPT approach in patients treated for aSAH. Fu-
ture trials should also include cognitive testing, which was 
done in only a fraction of subjects included in this study.

Conclusions
The results of this study strongly suggest that DAPT 

decreases the risk of clinical vasospasm and DCI in pa-
tients with aSAH. To confirm these findings, we propose 
a larger, multicenter, prospective, controlled, randomized 
trial of DAPT versus single antiplatelet therapy (i.e., aspi-
rin only) versus placebo in patients treated with coiling, 
named SPASM (Suppressing Platelets in Aneurysm SAH 
Management).

Acknowledgments
This work was supported by grants R03NS079227 and 

K08NS082363 (D.H.) from the National Institutes of Health.

References
 1. Ayer R, Zhang J: Connecting the early brain injury of aneu-

rysmal subarachnoid hemorrhage to clinical practice. Turk 
Neurosurg 20:159–166, 2010

 2. Bove AA, Dewey JD: Effects of serotonin and histamine 
on proximal and distal coronary vasculature in dogs: com-
parison with alpha-adrenergic stimulation. Am J Cardiol 
52:1333–1339, 1983

 3. Cohen RA, Shepherd JT, Vanhoutte PM: 5-Hydroxytrypta-
mine can mediate endothelium-dependent relaxation of coro-
nary arteries. Am J Physiol 245:H1077–H1080, 1983

 4. Cohen RA, Shepherd JT, Vanhoutte PM: Inhibitory role of 
the endothelium in the response of isolated coronary arteries 
to platelets. Science 221:273–274, 1983

 5. Dorhout Mees SM, Rinkel GJ, Hop JW, Algra A, van Gijn 
J: Antiplatelet therapy in aneurysmal subarachnoid hemor-
rhage: a systematic review. Stroke 34:2285–2289, 2003

 6. Dorhout Mees SM, van den Bergh WM, Algra A, Rinkel GJ: 
Antiplatelet therapy for aneurysmal subarachnoid haemor-
rhage. Cochrane Database Syst Rev (4):CD006184, 2007

 7. Dorsch NW, King MT: A review of cerebral vasospasm in 
aneurysmal subarachnoid haemorrhage Part I: Incidence and 
effects. J Clin Neurosci 1:19–26, 1994

 8. Frijns CJ, Fijnheer R, Algra A, van Mourik JA, van Gijn J, 
Rinkel GJ: Early circulating levels of endothelial cell acti-
vation markers in aneurysmal subarachnoid haemorrhage: 
associations with cerebral ischaemic events and outcome. J 
Neurol Neurosurg Psychiatry 77:77–83, 2006

 9. Frontera JA, Fernandez A, Schmidt JM, Claassen J, Wart-
enberg KE, Badjatia N, et al: Defining vasospasm after sub-
arachnoid hemorrhage: what is the most clinically relevant 
definition? Stroke 40:1963–1968, 2009

10. Hirashima Y, Nakamura S, Endo S, Kuwayama N, Naruse Y, 
Takaku A: Elevation of platelet activating factor, inflamma-
tory cytokines, and coagulation factors in the internal jugular 
vein of patients with subarachnoid hemorrhage. Neurochem 
Res 22:1249–1255, 1997

11. Hirashima Y, Nakamura S, Suzuki M, Kurimoto M, Endo S, 
Ogawa A, et al: Cerebrospinal fluid tissue factor and throm-
bin-antithrombin III complex as indicators of tissue injury 
after subarachnoid hemorrhage. Stroke 28:1666–1670, 1997

12. Ikeda K, Asakura H, Futami K, Yamashita J: Coagulative 
and fibrinolytic activation in cerebrospinal fluid and plasma 
after subarachnoid hemorrhage. Neurosurgery 41:344–350, 
1997

13. Juvela S, Hillbom M, Kaste M: Platelet thromboxane release 
and delayed cerebral ischemia in patients with subarachnoid 
hemorrhage. J Neurosurg 74:386–392, 1991

14. Juvela S, Ohman J, Servo A, Heiskanen O, Kaste M: Angio-
graphic vasospasm and release of platelet thromboxane after 
subarachnoid hemorrhage. Stroke 22:451–455, 1991

15. Kassell NF, Torner JC, Haley EC Jr, Jane JA, Adams HP, 
Kongable GL: The International Cooperative Study on the 
Timing of Aneurysm Surgery. Part 1: Overall management 
results. J Neurosurg 73:18–36, 1990

16. Lam JY, Chesebro JH, Steele PM, Badimon L, Fuster V: Is 
vasospasm related to platelet deposition? Relationship in a 
porcine preparation of arterial injury in vivo. Circulation 
75:243–248, 1987

17. le Roux AA, Wallace MC: Outcome and cost of aneurysmal 
subarachnoid hemorrhage. Neurosurg Clin N Am 21:235–
246, 2010

18. Mathiesen T, Edner G, Ulfarsson E, Andersson B: Cere-
brospinal fluid interleukin-1 receptor antagonist and tumor 
necrosis factor–a following subarachnoid hemorrhage. J 
Neurosurg 87:215–220, 1997

19. Neil-Dwyer G, Lang DA, Doshi B, Gerber CJ, Smith PW: 
Delayed cerebral ischaemia: the pathological substrate. Acta 
Neurochir (Wien) 131:137–145, 1994

20. Ohkuma H, Suzuki S, Kimura M, Sobata E: Role of platelet 
function in symptomatic cerebral vasospasm following aneu-
rysmal subarachnoid hemorrhage. Stroke 22:854–859, 1991

21. Ohta H, Ito Z: [Cerebral infraction due to vasospasm, re-
vealed by computed tomography (author’s transl).] Neurol 
Med Chir (Tokyo) 21:365–372, 1981 (Jpn)

22. Osuka K, Suzuki Y, Tanazawa T, Hattori K, Yamamoto N, 
Takayasu M, et al: Interleukin-6 and development of vaso-
spasm after subarachnoid haemorrhage. Acta Neurochir 
(Wien) 140:943–951, 1998

23. Peltonen S, Juvela S, Kaste M, Lassila R: Hemostasis and 
fibrinolysis activation after subarachnoid hemorrhage. J Neu-
rosurg 87:207–214, 1997

24. Romano JG, Forteza AM, Concha M, Koch S, Heros RC, 
Morcos JJ, et al: Detection of microemboli by transcranial 
Doppler ultrasonography in aneurysmal subarachnoid hemor-
rhage. Neurosurgery 50:1026–1031, 2002

25. Roos YB, de Haan RJ, Beenen LF, Groen RJ, Albrecht KW, 
Vermeulen M: Complications and outcome in patients with 
aneurysmal subarachnoid haemorrhage: a prospective hospi-
tal based cohort study in the Netherlands. J Neurol Neuro-
surg Psychiatry 68:337–341, 2000

26. Rowland MJ, Hadjipavlou G, Kelly M, Westbrook J, Pat-
tinson KT: Delayed cerebral ischaemia after subarachnoid 
haemorrhage: looking beyond vasospasm. Br J Anaesth 
109:315–329, 2012

27. Simard JM, Aldrich EF, Schreibman D, James RF, Polifka A, 
Beaty N: Low-dose intravenous heparin infusion in patients 
with aneurysmal subarachnoid hemorrhage: a preliminary 
assessment. J Neurosurg 119:1611–1619, 2013

28. Stein SC, Browne KD, Chen XH, Smith DH, Graham DI: 
Thromboembolism and delayed cerebral ischemia after sub-

Unauthenticated | Downloaded 05/23/23 11:17 PM UTC



Y. Nagahama et al.

J Neurosurg Volume 129 • September 2018710

arachnoid hemorrhage: an autopsy study. Neurosurgery 
59:781–788, 2006

29. Suarez JI, Tarr RW, Selman WR: Aneurysmal subarachnoid 
hemorrhage. N Engl J Med 354:387–396, 2006

30. Suzuki S, Kimura M, Souma M, Ohkima H, Shimizu T, 
Iwabuchi T: Cerebral microthrombosis in symptomatic cere-
bral vasospasm—a quantitative histological study in autopsy 
cases. Neurol Med Chir (Tokyo) 30:309–316, 1990

31. Suzuki S, Suzuki M, Iwabuchi T, Kamata Y: Role of multiple 
cerebral microthrombosis in symptomatic cerebral vaso-
spasm: with a case report. Neurosurgery 13:199–203, 1983

32. Vanhoutte PM, Houston DS: Platelets, endothelium, and va-
sospasm. Circulation 72:728–734, 1985

33. Vergouwen MD, Vermeulen M, Coert BA, Stroes ES, Roos 
YB: Microthrombosis after aneurysmal subarachnoid hemor-
rhage: an additional explanation for delayed cerebral ische-
mia. J Cereb Blood Flow Metab 28:1761–1770, 2008

34. Vinge E, Brandt L, Ljunggren B, Andersson KE: Thrombox-
ane B2 levels in serum during continuous administration of 
nimodipine to patients with aneurysmal subarachnoid hemor-
rhage. Stroke 19:644–647, 1988

35. Vora YY, Suarez-Almazor M, Steinke DE, Martin ML, Find-
lay JM: Role of transcranial Doppler monitoring in the diag-

nosis of cerebral vasospasm after subarachnoid hemorrhage. 
Neurosurgery 44:1237–1248, 1999

Disclosures
Dr. Broderick reports a financial relationship with AstraZeneca in 
which the Departments of Neurology and Rehabilitation received 
money for input on the results of the SOCRATES trial. 

Author Contributions
Conception and design: Hasan, Nagahama, Allan, Starke, Jab-
bour, Torner. Acquisition of data: Hasan, Allan, Zanaty. Analysis 
and interpretation of data: all authors. Drafting the article: Hasan, 
Nagahama. Critically revising the article: all authors. Reviewed 
submitted version of manuscript: all authors. Approved the final 
version of the manuscript on behalf of all authors: Hasan. Statisti-
cal analysis: Torner. Study supervision: Hasan.

Correspondence
David Hasan, Department of Neurosurgery, University of Iowa 
Hospitals and Clinics, 200 Hawkins Dr., Iowa City, IA 52242. 
email: david-hasan@uiowa.edu.

Unauthenticated | Downloaded 05/23/23 11:17 PM UTC


