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Abstract

Background Inflammation may contribute to poor out-

comes after aneurysmal subarachnoid hemorrhage (aSAH).

Here, we compared outcomes among propensity score-

matched cohorts who did and did not receive non-steroidal

anti-inflammatory drug (NSAID) use after aSAH.

Methods Propensity score-matched analysis of 413 sub-

jects enrolled in the Clazosentan to Overcome

Neurological iSChemia and Infarction OccUring after

Subarachnoid hemorrhage (CONSCIOUS-1) study.

Propensity score matching was performed on the basis of

age, sex, baseline National Institutes of Health Stroke Scale

score, World Federation of Neurological Societies grade on

admission, procedure used for securing aneurysm, and

SAH clot burden.

Results 178 patients were matched (89 received NSAIDs,

89 did not). Propensity score matching was considered

acceptable. Patients who had received NSAIDs during their

hospital stay had significantly lower mortality rate, and

reduced duration of intensive care unit stay and total length

of hospital stay (P = 0.035, P = 0.009, and P = 0.053,

respectively). At 6 weeks, 80.9 % of patients treated with

NSAIDs had good functional outcome compared to 68.5 %

of matched controls (P = 0.083). There was no significant

difference in the proportions of patients who developed

delayed ischemic neurological deficits, angiographic

vasospasm, or required rescue therapy.

Conclusions Inflammation may play a crucial role in the

poor outcomes after SAH, and that NSAIDs may be a

useful therapeutic option, once validated by larger

prospective studies.

Keywords Aneurysm � Critical care � NSAID �
Subarachnoid hemorrhage � Intensive care

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) accounts

for 5–10 % of all strokes worldwide, culminating in a total

of 600,000 new cases per year [1]. Despite significant

advances in treatments, there continues to be high case-

fatality and morbidity rates, as well as disproportionately

high resource utilization, including prolonged intensive

care unit (ICU) stays [2]. Patients who survive the initial

insult remain at risk of neurological deterioration as a

consequence of the aneurysm-securing procedure, angio-

graphic vasospasm and delayed cerebral ischemia (DCI), as

well as medical interventions instigated during the hospital

stay [3].

Increasingly greater impetus has been placed on the

identification of novel therapeutics that may mitigate

neurological insult following aSAH. Several drugs,

including magnesium, tirilazad, and clazosentan, have been

the focus of recent trials, and although these drugs showed

promising results in early clinical studies, large randomized
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trials found no clinical benefit [4–6]. To date, nimodipine

remains the only drug approved for use in SAH, as it has

proven to reduce the risk of DCI and poor outcome [7].

While the cause of poor outcomes after SAH is multi-

factorial, several studies support the notion that they may

be mediated by local and systemic inflammatory responses.

Inflammatory markers, such as neutrophils, TNF-a, and

various interleukins, are up-regulated in plasma and cere-

brospinal fluid (CSF) after SAH, and these are correlated

with poor neurological outcome [8–10]. Moreover, the

systemic inflammatory response syndrome (SIRS) is asso-

ciated with poor outcomes after SAH and is present in up to

63 % of patients after SAH [11, 12]. This has spurred

interest in the use of anti-inflammatory drugs after SAH.

Non-steroidal anti-inflammatory drugs (NSAIDs), which

are commonly administered to patients in the ICU, are

unique in that they provide anti-pyretic and analgesic

effects, in addition to their anti-inflammatory properties.

Their clinical utility following SAH remains controversial,

as the few experimental and clinical studies on the topic

have shown mixed results.

In the present study, we sought to investigate whether

NSAID use was associated with improved outcomes after

aneurysmal SAH. We performed an exploratory analysis

using propensity score matching of subjects enrolled in the

Clazosentan to Overcome Neurological iSChemia and

Infarction OccUring after Subarachnoid hemorrhage

(CONSCIOUS-1) study. This ‘‘pseudorandomization’’

methodology has the advantage of directly evaluating the

effects of the drug administered while accounting for

confounding factors.

Methods

Study Participants

We performed a post hoc analysis of 413 subjects enrolled

in the CONSCIOUS-1 study. This was a multicentre, ran-

domized, double-blinded, placebo-controlled, phase IIb

dose-finding, efficacy, and safety trial of clazosentan in

aneurysmal SAH [13].

Assessments and Outcomes

Eligible patients had aneurysmal SAH confirmed by digital

subtract angiography (DSA), and presented with World

Federation of Neurosurgical Societies (WFNS) grades I to

IV on admission or were grade V on admission and

improved to grade IV or less after resuscitation and ven-

triculostomy [14]. Patients were admitted to the respective

neurosurgical units of participating centers. Medical man-

agement of patients was at the discretion of the treating

physicians according to standard of care, including oral or

intravenous nimodipine. Aneurysm securing by clipping or

coiling was performed after baseline DSA.

All medication administration was recorded daily for

14 days after aneurysmal rupture. Patients who were noted

to have been receiving NSAIDs, including salicylates

(aspirin), propionic acid derivatives (ibuprofen, naproxen),

acetic acid derivatives (indomethacin, ketorolac, diclofe-

nac), enolic acid derivatives (meloxicam), and selective

cyclooxygenase-2 inhibitors (-coxib’s), during this time

period, were identified.

Repeat DSA was performed routinely at 7–11 days post

aneurysmal rupture and additionally as clinically indicated.

Angiographic vasospasm was defined as the change in

diameter of large proximal vessels on DSA when com-

paring baseline to subsequent imaging. The severity of

vasospasm was quantified as the degree of change in vessel

diameter.

CT was also performed within 48 h of admission, 48 h

after aneurysm securing, and at 6 weeks after aneurysmal

rupture. To mitigate any inter-reader bias, all imaging was

reviewed centrally by 2 independent, blinded reviewers.

Baseline CT was assessed for SAH clot burden (Hijdra

scale [15]) and intraventricular hemorrhage (Graeb scale

[16]) as well as other acute intracranial abnormalities. On

6-week CT, the presence and volume of infarcts were

measured and compared to the post-procedural CT. Any

infarcts present on the 6 week scan and not present on the

post-procedural scan were considered as delayed cerebral

infarcts (DCI).

Clinical outcomes included 6-week mortality, 12-week

modified Rankin scale (mRS) score, DCI, and delayed

ischemic neurological deficit (DIND). DIND was defined

as any angiographic vasospasm (as determined by DSA or

transcranial Doppler ultrasound) that was associated with

neurological deterioration lasting for a minimum of 2 h

without any other cause identified. Neurological deterio-

ration was defined as a drop of more than 1 point on the

Glasgow Coma Scale (GCS) or an increase in at least two

points on the National Institutes of Health Stroke Scale

(NIHSS). In circumstances when a neurological exam was

not possible, or when a new hypodensity was observed on

CT, DIND was defined as clinical signs with angiographic

evidence of vasospasm.

Propensity Score-Matching and Statistical Analyses

As patients were not randomized to receive NSAIDs,

propensity score matching was performed with exposure to

NSAID administration at any point during treatment as the

dichotomous treatment group. The following covariates

were balanced between the two cohorts: age, sex, baseline

NIHSS score, WFNS grade on admission, procedure used
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for securing aneurysm, and SAH clot burden. Matching

was performed using calipers of width equal to 0.25 times

the standard deviation of the logit of the propensity scores

with a 1:1 ratio between treatment group and controls.

While previous work has shown this to be the optimal

caliper width for propensity matching [17], we also

assessed covariate balance between the two groups for each

pre-treatment variable by plotting propensity score distri-

bution histograms. All statistical analyses were performed

using R statistical software. Continuous variables were

compared using a two-tailed t test and proportions were

compared using the Fisher exact test, unless otherwise

specified. A P value of <0.05 was considered to be sta-

tistically significant.

Results

Patient Demographics

Of the 413 patients enrolled in the CONSCIOUS-1 trial, 95

received NSAIDs. After excluding patients with missing

information, 89 patients who received NSAIDs during their

hospital stay were matched to an equal number of patients

who did not take NSAIDs using a propensity scoring

algorithm. The distributions of the propensity scores were

acceptable (Fig. 1). The mean age of the propensity-mat-

ched cohort was 50.6 ± 10.2 years. The majority of

subjects (71.9 %) were female. There were no significant

differences in baseline clinical and radiographic features of

propensity score-matched groups, including baseline

inflammatory status (Table 1).

Clinical Outcomes

The 6-week mortality rate was significantly lower in

patients who had received NSAIDs during their hospital

stay compared to matched controls (Table 2; OR 8.61,

95 % CI 1.11–389.22, P = 0.035). At 6 weeks, 80.9 % of

patients treated with NSAIDs had good functional outcome

(mRS score <2) compared to 68.5 % of matched controls

(Table 2; OR 1.93, 95 % CI 0.92–4.15, P = 0.083). There

was no significant difference in the proportions of patients

who developed DIND (14.9 vs. 20.2 %, P = 0.420), DCI

(23.6 vs. 29.2 %, P = 0.496), angiographic vasospasm

(41.6 vs. 44.9 %, P = 0.762), or required rescue therapy

(20.2 vs. 20.2 %, P = 1.00).

Complications

Complications specific to the use of NSAIDs were not

directly recorded within the trial database. We therefore

compared total duration of hospital stay, duration of ICU

stay, and duration of ward stay between the two cohorts.

Patients treated with NSAIDs had significantly reduced

duration of ICU stay (Table 2; 23.6 vs. 30.8 days,

P = 0.009) and reduced total length of stay (Table 2; 45.1

vs. 52.6 days, P = 0.053).

Discussion

This exploratory analysis suggests that NSAID use after

aneurysmal SAH may be associated with improved out-

come, a finding that appears to be independent of

angiographic vasospasm, DINDs, or DCI. Moreover, our

analysis found that patients receiving NSAIDs may have

shorter ICU and hospital stays. Our findings support the

hypothesis that inflammation after aneurysmal SAH may

contribute to poor outcomes. Although patients in the

database were not randomized to receive NSAIDs, we are

able to infer that the use of NSAIDs may improve out-

comes after aneurysmal SAH by applying a propensity

score-matching analysis.

Early reports supporting a role for inflammation in the

pathogenesis of SAH found that non-infectious causes of

fever and leukocytosis were significantly higher in patients

with ruptured aneurysms [18, 19], although the extent to

which inflammation mediated endogenous repair as

opposed to brain injury was unclear. It has been since

established that erythrocyte extravasation into the sub-

arachnoid space following aneurysmal rupture may lead to

the deposition of toxic-free hemoglobin [20]. Endothelial

cells at the site of rupture also express specific cell adhe-

sion molecules, such as p-selectin, that allow for

attachment of the endothelial cells to specific integrin

Fig. 1 Density histograms of treatment and control groups before and

after propensity score matching. Propensity score distributions are

more similar between treatment and control groups after matching
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proteins on immune cells [21, 22]. This interaction facili-

tates the migration of immune cells into subarachnoid

space. The inflammatory response that ensues is biphasic.

In the acute phase, neutrophils, macrophages, and mono-

cytes mediate phagocytosis of free hemoglobin. These cells

subsequently degranulate in the subarachnoid space to

release pro-inflammatory mediators that contribute to the

chronic phase of inflammation, mediated by lymphocytes

and macrophages/monocytes [23]. The inflammatory

reactions contribute to both neuronal and glial cell death,

increased permeability of the blood brain barrier, and

microvascular cerebral occlusion resulting in numerous

sequelae, including metabolic imbalances, cerebral edema,

elevated ICP, cerebral infarcts, vasospasm, and other

associated secondary brain injuries.

Given the implication of inflammatory responses in

brain injury after SAH, there has been a recent surge of

interest in the use of anti-inflammatory medications for

treatment after SAH. In experimental models of SAH,

drugs aimed at dampening the inflammatory cascade after

SAH, including NSAIDs, have been shown to be successful

in preventing neurological deterioration [24–27]. These

have not, however, been studied in adequately powered

human trials. A small study evaluating the efficacy of

methylprednisolone administration to 21 patients clinically

deemed to be at risk for vasospasm showed reduced rates

Table 1 Baseline clinical and radiographic characteristics by treatment group

NSAID (N = 89) Control (N = 89) P value

Age 50.6 ± 9.8 50.7 ± 11.1 0.932

Sex (male) 26 (29.2 %) 23 (25.8 %) 0.737

WFNS grade 0.914

I 38 (42.7 %) 41 (46.1 %)

II 30 (33.7 %) 27 (30.3 %)

III 1 (1.1 %) 2 (2.2 %)

IV 19 (21.3 %) 19 (21.3 %)

V 1 (1.1 %) 0

Clazosentan treatment 0.7102

Placebo 22 (24.7 %) 20 (22.5 %)

1 mg/h 21 (23.6 %) 17 (19.1 %)

5 mg/h 24 (26.9 %) 31 (34.8 %)

15 mg/h 22 (24.7 %) 21 (23.6 %)

Procedure 0.313

Both 2 (2.2 %) 0

Clipping 38 (42.7 %) 44 (49.4 %)

Coiling 49 (55.1 %) 45 (50.6 %)

Aneurysm location 0.628

Unspecified 3 (3.4 %) 3 (3.4 %)

ACA 42 (47.2 %)2 39 (43.8 %)

ICA/carotid terminus 24 (27.0 %) 33 (37.1 %)

MCA 13 (14.6 %) 9 (10.1 %)

Posterior circulation 7 (7.9 %) 5 (5.6 %)

Subarachnoid clot burden (Hijdra score) 18.5 ± 4.8 19.0 ± 5.4 0.485

Inflammatory status

Temperature >38 �C or < 36 �C 25 (31 %) 25 (36 %) 0.49

RR >20 10 (15 %) 9 (13 %) 0.81

HR >90 8 (9 %) 13 (15 %) 0.25

WBC >12 or <4 43 (53 %) 53 (70 %) 0.02

SIRS (>2 of the above) 19 (32 %) 19 (35 %) 0.84

Data are presented as N (%), mean ± SD, unless otherwise specified

ACA anterior cerebral artery, HR heart rate, ICA internal carotid artery, MCA middle cerebral artery, RR respiratory rate, SIRS systemic

inflammatory response syndrome, WBC white blood cell, WFNS World Federation of Neurosurgical Societies
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of DIND and improved mortality and neurological out-

comes [28]. Moreover, in a randomized, double-blinded,

placebo-controlled trial, high doses of methylprednisolone

administered after diagnosis of aneurysmal SAH for 3 days

significantly improved functional outcome at 1-year fol-

low-up without having an effect on the incidence of

symptomatic vasospasm [29]. The use of other immuno-

suppressants, such as cyclosporine, have not shown benefit

in improving outcomes after severe SAH, although there

may be a benefit in reducing DINDs if treated early after

the aneurysm is secured [30]. Statins have also been shown

to have some anti-inflammatory activity [31]; however, a

phase III randomized controlled trial of simvastatin treat-

ment for 21 days did not show any benefit in terms of

functional outcome, mortality, or adverse events [32].

NSAIDs are a class of medications that have anti-in-

flammatory, anti-pyretic, and analgesic properties [33]. For

this reason, NSAIDs are widely used for patients in the

ICU worldwide. NSAIDs partly mediate their anti-inflam-

matory activity by inhibiting cyclooxygenase (COX)

enzymes and therefore by inhibiting prostaglandin syn-

thesis and platelet aggregation [34]. The anti-inflammatory

properties of NSAIDs extend beyond cyclooxygenase

inhibition and include cytokine level modulation and

inhibition of leckocyte-endothelial cell interactions [35,

36]. Ibuprofen, one class of NSAID, has been shown to

inhibit intercellular adhesion molecule 1 (ICAM-1) and

vascular cellular adhesion molecule 1 (VCAM-1) expres-

sion in endothelial cells, thereby preventing leukocyte

migration into the subarachnoid space [37]. Trials in

human subjects have shown that an inverse correlation

exists between NSAID use and systemic inflammatory

marker levels, and that higher cumulative use of NSAIDs

portends a more favorable outcome after SAH [38].

To date, we are only aware of four randomized trials

evaluating the efficacy of NSAID use after SAH, three of

which were focused on the anti-platelet mechanism of

aspirin (ASA). The results of the three trials assessing the

efficacy of ASA after SAH together showed that patients

treated with ASA treatment had no differences in mor-

bidity, mortality, occurrence of DINDs, and only a slight

trend toward improved functional outcomes when com-

pared to controls [39–41]. The fourth randomized trial was

a double-blinded, placebo-controlled trial that assessed the

efficacy of meloxicam administration within the first

7 days of SAH ictus. The results of this study showed no

differences in in-hospital mortality or Glasgow Outcome

Scale score on discharge, with a slight trend toward

reduced middle cerebral artery velocity in patients treated

with meloxicam [42]. Our exploratory analysis is the first

to our knowledge to demonstrate that patients who received

NSAIDs during their hospital stay after SAH have

improved mortality rates and functional outcomes.

There are several putative mechanisms by which

NSAIDs may be beneficial after SAH. First, patients may

experience a loss of central thermoregulatory mechanisms

after SAH; therefore NSAID use may be neuroprotective

by helping regulate temperature via their anti-pyretic

effects [43]. Second, the anti-platelet aggregation actions

of NSAIDs may be neuroprotective by preventing

microthrombosis activated by the coagulation cascade

following SAH [44]. Interestingly, large-vessel vasospasm

and DCI are dissociable phenomena, and increasingly, it is

thought that the latter may be mediated by microthrombi

Table 2 Clinical outcomes by treatment group

NSAID (N = 89) Control (N = 89) P value

Death 1 (1.1 %) 8 (8.8 %) 0.034

mRS <2 72 (80.9 %) 61 (68.5 %) 0.083

Angiographic vasospasm 0.610

Severe vasospasm 13 (14.6 %) 16 (18.0 %)

Moderate vasospasm 30 (33.7 %) 22 (24.7 %)

Mild vasospasm 9 (10.1 %) 11 (12.4 %)

No vasospasm 37 (41.6 %) 40 (44.9 %)

Required rescue therapy 18 (20.2 %) 18 (20.2 %) 1.00

Presence of delayed ischemic neurological deficit 13 (14.6 %) 18 (20.2 %) 0.420

Presence of delayed cerebral ischemia 21 (23.6 %) 26 (29.2 %) 0.496

Total hospital length of stay 45.1 ± 24.1 52.6 ± 27.5 0.053

Days spent in ICU 23.6 ± 17.1 30.8 ± 19.6 0.009

Days spent on ward 21.5 ± 13.61 21.8 ± 15.6 0.897

Data are presented as N (%), mean ± SD, unless otherwise specified

mRS modified Rankin Score, ICU intensive care unit
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within the cerebral vasculature [44, 45]. This may partly

explain why previous studies evaluating the use of

NSAIDs after SAH have not shown significant benefit with

regard to angiographic vasospasm. Furthermore, serum

inflammatory markers and measures of the SIRS have been

shown to be correlated with in-hospital non-convulsive

seizures, which may lead to neurologic deterioration [11,

46]. It is possible that NSAIDs mitigate the systemic

inflammatory response and therefore lead directly to

improved outcomes. Future studies evaluating the role of

NSAID use after SAH should attempt to elucidate the

exact mechanism of benefit.

Our study is limited by the fact that NSAID adminis-

tration was analyzed collectively despite the fact that

different drugs have differing potencies. Unfortunately,

unlike steroids, equivalency conversions of the different

NSAIDs do not exist. Also, given the exploratory nature of

our study, we were unable to stratify patients according to

indication for NSAID use. Moreover, we were unable to

analyze whether NSAID use was associated with certain

adverse events, such as stomach ulcers or infection rates as

these variables were not available in the dataset. However,

there has been recent data suggesting that the anti-inflam-

matory effects of NSAIDs may not portend a poor outcome

in the setting of infections and may potentially even be

beneficial [47–49]. Given that the group treated with

NSAIDs had shorter ICU duration and hospital stay dura-

tion, it is unlikely that they suffered from major adverse

events such as sepsis or GI bleeds from stomach ulcers [50,

51]. The final limitation of our study is that data on dura-

tion of NSAID therapy were not available. Our study does

provide support for larger prospective trials of anti-in-

flammatory agents following SAH. Future studies

evaluating the efficacy of NSAID use in SAH should

attempt to stratify different NSAID medications, their

indications, and their doses and should follow the anti-

inflammatory effects of NSAIDs using biomarkers of

inflammation as outcomes.

Conclusion

In this propensity score-matched analysis, the administra-

tion of NSAIDs while in hospital after SAH resulted in

reduced mortality and improved functional outcomes.

These effects were independent of the development of

DIND, DCI, or vasospasm. Furthermore, patients treated

with NSAIDs had reduced ICU and hospital lengths of

stay. Our findings suggest that inflammation may play a

crucial role in the poor outcomes after SAH, and that

NSAIDs may be a useful therapeutic option, once validated

by larger prospective studies.
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