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OBJECTIVE Aneurysmal subarachnoid hemorrhage (aSAH) is associated with significant morbidity and mortality. The 
presence of thick, diffuse subarachnoid blood may portend a worse clinical course and outcome, independently of other 
known prognostic factors such as age, aneurysm size, and initial clinical grade.
METHODS In this post hoc analysis, patients with aSAH undergoing surgical clipping (n = 383) or endovascular coil-
ing (n = 189) were pooled from the placebo arms of the Clazosentan to Overcome Neurological Ischemia and Infarction 
Occurring After Subarachnoid Hemorrhage (CONSCIOUS)–2 and CONSCIOUS-3 randomized, double-blind, placebo-
controlled phase 3 studies, respectively. Patients without and with thick, diffuse SAH (≥ 4 mm thick and involving ≥ 3 
basal cisterns) on admission CT scans were compared. Clot size was centrally adjudicated. All-cause mortality and va-
sospasm-related morbidity at 6 weeks and Glasgow Outcome Scale–Extended (GOSE) scores at 12 weeks after aSAH 
were assessed. The effect of the thick and diffuse cisternal aSAH on vasospasm-related morbidity and mortality, and on 
poor clinical outcome at 12 weeks, was evaluated using logistic regression models.
RESULTS Overall, 294 patients (51.4%) had thick and diffuse aSAH. Compared to patients with less hemorrhage 
burden, these patients were older (median age 55 vs 50 years) and more often had World Federation of Neurosurgical 
Societies (WFNS) grade III–V SAH at admission (24.1% vs 16.5%). At 6 weeks, all-cause mortality and vasospasm-
related morbidity occurred in 36.1% (95% CI 30.6%–41.8%) of patients with thick, diffuse SAH and in 14.7% (95% CI 
10.8%–19.5%) of those without thick, diffuse SAH. Individual event rates were 7.5% versus 2.5% for all-cause death, 
19.4% versus 6.8% for new cerebral infarct, 28.2% versus 9.4% for delayed ischemic neurological deficit, and 24.8% 
versus 10.8% for rescue therapy due to cerebral vasospasm, respectively. Poor clinical outcome (GOSE score ≥ 4) was 
observed in 32.7% (95% CI 27.3%–38.3%) and 16.2% (95% CI 12.1%–21.1%) of patients with and without thick, diffuse 
SAH, respectively.
CONCLUSIONS In a large, centrally adjudicated population of patients with aSAH, WFNS grade at admission and thick, 
diffuse SAH independently predicted vasospasm-related morbidity and poor 12-week clinical outcome. Patients with 
thick, diffuse cisternal SAH may be an important cohort to target in future clinical trials of treatment for vasospasm.
https://thejns.org/doi/abs/10.3171/2020.3.JNS193400
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AneurysmAl subarachnoid hemorrhage (aSAH) 
continues to cause significant morbidity and mor-
tality despite advances in diagnostic and treat-

ment strategies.1,2 Cerebral angiographic vasospasm and 
delayed cerebral ischemia (DCI) or delayed ischemic 
neurological deficits (DINDs) are well-known sequelae of 
aSAH that have been identified as leading causes of poor 
clinical outcomes in this disease.3,4 Previous studies have 
identified factors contributing to vasospasm-related mor-
bidity and mortality, including increased age, history of 
hypertension, severity of World Federation of Neurosurgi-
cal Societies (WFNS) grade, and, most importantly, the 
extent of intracranial hemorrhage (subarachnoid and in-
traventricular).5–7 Correlation between the amount of SAH 
detected by CT scan at onset and subsequent development 
of cerebral vasospasm has been well demonstrated.8–10

The Clazosentan to Overcome Neurological Ischemia 
and Infarction Occurring After Subarachnoid Hemor-
rhage (CONSCIOUS)–2 and CONSCIOUS-3 trials were 
conducted between December 2007 and January 2011 
at 102 (CONSCIOUS-2) and 106 (CONSCIOUS-3) cen-
ters in 27 countries.11,12 These randomized, double-blind, 
placebo-controlled, phase 3 studies aimed to demonstrate 
that continuous intravenous administration of clazosen-
tan, an endothelin receptor antagonist, would reduce the 
incidence of cerebral vasospasm–related morbidity events 
(vasospasm-related cerebral infarction, vasospasm-related 
DINDs, and the need for rescue therapy) and all-cause 
mortality at 6 weeks. The trials were identical except that 
patients in the CONSCIOUS-2 trial had their aneurysms 
surgically clipped, while in the CONSCIOUS-3 trial, pa-
tients had their aneurysms endovascularly treated.

We performed a post hoc analysis of the patients en-
rolled in the placebo arms of these trials to identify inde-
pendent risk factors for vasospasm-related morbidity and 
poor clinical outcome, as these patients may potentially 
be targeted for future vasospasm-related trials. This large, 
diverse group of patients with standardized, prospectively 
collected, centrally adjudicated CT scans, angiograms, 
and clinical endpoints provided a unique opportunity to 
better understand the natural history of aSAH.11,12 Previ-
ous observations of the clinical impact of clot size have 
been mainly based on data from monocentric rather than 
international multicentric studies.9

Although the modified Fisher scale is widely used, we 
developed new, more quantitative definitions for differen-
tiating thick versus thin and diffuse versus local hemor-
rhage in the CONSCIOUS trials in consideration of the 
key role that SAH clot burden plays in the disease.13 We 
identified patients with thick, diffuse SAH (defined as ≥ 
4 mm thick and involving ≥ 3 basal cisterns) as a particu-
larly high-risk group with an extensive cisternal clot bur-
den. In this analysis, we sought to determine if this well-
defined level of cisternal SAH burden was an independent 
predictor of death, vasospasm-related morbidity, and poor 
clinical outcome.

Methods
Study Population

For this post hoc analysis, 572 patients from the place-

bo arms of the CONSCIOUS-2 and CONSCIOUS-3 trials 
with SAH caused by a ruptured saccular aneurysm who 
underwent surgical clipping (n = 383) or endovascular 
coiling (n = 189), respectively, were pooled. The risk of de-
veloping vasospasm and vasospasm-related events was ex-
pected to be similar with both strategies.14 Eligible patients 
were 18–75 years of age, with a WFNS grade of I–IV prior 
to the aneurysm-securing procedure that did not worsen 
to grade V after the procedure. The CT-documented SAH 
was assessed within 48 hours of ictus and was character-
ized as thick (≥ 4 mm on the short axis) or thin (< 4 mm 
on the short axis) and diffuse (involving ≥ 3 basal cisterns) 
or local (involving 1–2 basal cisterns). Cisterns must have 
been completely occluded, though larger cisterns (e.g., the 
sylvian fissure) needed only a significant portion filled. As 
a result of these criteria, 4 groups of clots were identified: 
thick/diffuse, thick/local, thin/diffuse, and thin/local. The 
clinical findings of each group were compared, and the re-
sults led to the creation of 2 main groups: 1) thick/diffuse 
and 2) other types of SAH.

The study sites managed the patients in accordance 
with published recommendations.1 Only drugs and pro-
cedures considered standard of care were recommended. 
Both studies were completed in accordance with the Good 
Clinical Practice guidelines, the Declaration of Helsinki, 
and the laws and regulations of the country in which the 
clinical research was conducted. Written informed con-
sent was obtained for all patients. The CONSCIOUS-2 
and CONSCIOUS-3 trials are registered at https://www.
clinicaltrials.gov (NCT00558311 and NCT00940095).

Procedures
Prior to aneurysm treatment, all patients underwent 

noncontrast CT scanning as well as CT angiography or 
digital subtraction angiography. Additional CT scans were 
acquired 12–48 hours after the procedure, at discharge, 
and 6 weeks after aSAH. Neurological assessments were 
performed every 6 hours in the intensive care unit and ev-
ery 12 hours in the general ward until day 14 post-aSAH 
using the modified Glasgow Coma Scale15 and the abbre-
viated National Institutes of Health Stroke Scale.16,17 A CT 
scan and angiogram were obtained in cases of neurologi-
cal worsening or symptoms suggestive of cerebral vaso-
spasm or infarction. Patients unable to be neurologically 
assessed underwent digital subtraction angiography at a 
mean of 9 ± 2 days post-aSAH. Assessment by Glasgow 
Outcome Scale–Extended (GOSE)8 scores was carried out 
at week 12 by trained centralized interviewers via a struc-
tured telephone interview.

Clinical and imaging data were reviewed by a central-
ized critical events committee, which included an image 
review committee of neuroradiologists providing indepen-
dent evaluation of CT scans and angiograms and a clinical 
review committee of 6 clinicians assessing the occurrence 
of vasospasm-related morbidity up to week 6, as well as 
the contribution of vasospasm to clinical outcome (GOSE 
score) at week 12.19

Vasospasm-related morbidity was defined by at least 
one of the following events: vasospasm-related cerebral 
infarction; vasospasm-related DIND (defined as a de-
crease ≥ 2 points on the modified Glasgow Coma Scale 
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or an increase ≥ 2 points on the abbreviated National In-
stitutes of Health Stroke Scale lasting for at least 2 hours; 
or in patients for whom the neurological scales could not 
be assessed, valid rescue therapy administered for a justi-
fiable reason such as angiographic vasospasm, suspicion 
of vasospasm on transcranial Doppler or perfusion CT, or 
clinical signs suggestive of a DIND); or rescue therapy in 
the setting of confirmed radiological vasospasm. Rescue 
therapy included the initiation or increase of intravenous 
vasopressors with or without fluid augmentation, intraar-
terial vasodilator administration, or balloon angioplasty. 
Patients treated with vasopressors and fluids must have 
had a central line and a urinary catheter, and a sustained 
increase in blood pressure should have occurred. The to-
tal volume of all new or worsened cerebral infarcts was 
also assessed. At week 12, a patient’s GOSE score was 
dichotomized as good (> 4) or poor (≤ 4). Mortality in-
cluded all causes and was derived automatically from the 
investigator case report form. Patients with thick, diffuse 
SAH were hypothesized to have a worse clinical course 
due to more vasospasm-related complications, irrespec-
tive of WFNS grade at admission, compared to patients 
having the other 3 types of SAH burden.

Statistical Analysis
Data from the placebo arms of the CONSCIOUS-2 and 

CONSCIOUS-3 trials were pooled and analyzed jointly. 
Baseline demographics were analyzed using descriptive 
statistics (all values are means ± SDs or percentages). The 
incidence rates are displayed together with the exact 95% 
confidence intervals. Normal approximation was used for 
adjusted relative risk, and exact Clopper-Pearson was used 
for event indices. In cases of missing assessment for the 
morbidity component of the primary endpoint or missing 
information on the vital status, the worst case (i.e., pres-
ence of vasospasm-related morbidity or mortality) was as-
sumed. If the GOSE score was not available, a score of 5 
(lower moderate disability) was attributed in the absence 
of clinical evidence for prior neurological impairment, 
and a score of 3 (lower severe disability) was assigned 
in any other situation when the patient was alive at week 
12. The clot size effect on vasospasm-related morbidity/
mortality and on less favorable 12-week clinical outcome 
was assessed using logistic regression models adjusting 
for characteristics at admission. A stepwise selection was 
performed to identify the most contributive predictors 
among clot size (thick, diffuse vs other), WFNS grade at 
admission (I–II vs III–V), age at admission (< 65 vs ≥ 65 
years), hydrocephalus at admission (presence vs absence), 
aneurysm-securing procedure (clip vs coil), sex (male vs 
female), and aneurysm size (> 15 vs ≤ 15 mm). A signifi-
cance level of 0.2 was required for a variable to be allowed 
into the model and for that variable to stay in the model.

Results
In this population of 572 patients, baseline demograph-

ics were similar between the 51.4% with and 48.6% with-
out thick, diffuse SAH (Table 1). Compared to patients 
with less of a clot burden, patients with thick, diffuse 
SAH were more likely to present with poor WFNS grade 

(III–V) (24.1% vs 16.5%) and reduced level of conscious-
ness (Glasgow Coma Scale score < 15: 63.4% vs 37.5%) 
on admission. Seizures at onset were observed in 12.6% 
of patients with thick, diffuse SAH and in 7.2% of those 
without thick, diffuse SAH. Similarly, 46.3% of patients 
with thick, diffuse SAH presented with loss of conscious-
ness at ictus compared to 32.4% of those without (Table 
1). Both groups of patients had similar preexisting medical 

TABLE 1. Baseline demographics and neurological status on 
admission

Characteristic

Thick/Diffuse  
Hemorrhage

(n = 294)

Other  
Hemorrhage 

(n = 278)

Sex, no. (%)
 Male 90 (30.6) 85 (30.6)
 Female 204 (69.4) 193 (69.4)
Age, yrs
 Mean ± SD 54.4 ± 10.7 49.5 ± 10.8
 Median 55.0 49.5
Race, no. (%)
 Caucasian/white 221 (75.2) 216 (77.7)
 Black 6 (2.0) 10 (3.6)
 Asian 58 (19.7) 47 (16.9)
 Hispanic 4 (1.4) 4 (1.4)
 Other 5 (1.7) 1 (0.4)
Functional status, no. (%)
 Home, fully independent 293 (99.7) 277 (99.6)
 Home, partially independent 1 (0.3) 1 (0.4)
WFNS admission grade, no. (%)*
 I 107 (36.4) 172 (61.9)
 II 116 (39.5) 60 (21.6)
 III 13 (4.4) 16 (5.8)
 IV 47 (16.0) 28 (10.1)
 V 11 (3.7) 2 (0.7)
GCS score (n = 292) (n = 275)
 3–6 11 (3.8) 2 (0.7)
 7–12 47 (16.1) 27 (9.8)
 13–14 127 (43.5) 74 (26.9)
 15 107 (36.6) 172 (62.5)
Admission motor deficit, no. (%) (n = 291) (n = 276)
 Absent 255 (87.6) 241 (87.3)
 Present 36 (12.4) 35 (12.7)
Seizure, no. (%)
 Yes 37 (12.6) 20 (7.2)
 No 241 (82.0) 250 (89.9)
 Unknown 16 (5.4) 8 (2.9)
Loss of consciousness, no. (%)
 Yes 136 (46.3) 90 (32.4)
 No 150 (51.0) 181 (65.1)
 Unknown 8 (2.7) 7 (2.5)

GCS = Glasgow Coma Scale.
* Imputed for missing values.
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comorbidities; however, hypertension was more frequent 
(51.4% vs 36.7%) in patients with thick, diffuse SAH.

Regarding aneurysm location, anterior communicating 
artery aneurysms accounted for nearly half (42.2%) of the 
SAH in patients with thick, diffuse SAH, while middle ce-
rebral (32.4%) and anterior communicating (32.7%) artery 
aneurysms caused the majority of SAH in the other patient 
population (Table 2).

Besides the SAH burden and distribution, baseline CT 
findings were relatively similar for patients with and with-
out thick, diffuse SAH, though intraventricular hemor-
rhage (IVH) (88.4% vs 72.3%) and hydrocephalus (68.4% 
vs 47.8%) were more common in patients with thick, dif-
fuse SAH (Table 2).

Combined all-cause mortality and vasospasm-related 
morbidity occurred within 6 weeks in 36.1% (95% CI 
30.6%–41.8%) of patients with thick, diffuse SAH and 
in 14.7% (95% CI 10.8%–19.5%) of those without thick, 
diffuse SAH. The relative risk of experiencing this pri-
mary endpoint for patients with thick, diffuse clot was 
2.44 (95% CI 1.77–3.37), and it was similarly significant 
when adjusted for differences in admission WFNS grade 
(2.14, 95% CI 1.57–2.91) (Fig. 1). Individual event rates 
of vasospasm-related morbidity were also higher for pa-
tients with thick, diffuse SAH in all categories: 19.4% 
versus 6.8% for new cerebral infarct, 28.2% versus 9.4% 
for DINDs, and 24.8% versus 10.8% for rescue therapy 

due to cerebral vasospasm (Fig. 2). The relative risk for 
each of these events ranged from 2.30 to 3.02 and again 
was significant when adjusted for WFNS grade, ranging 
from 2.19 to 2.62. All-cause mortality itself was more fre-
quent in patients with thick, diffuse SAH (7.5% vs 2.5%), 
with relative risks of 2.97 (95% CI 1.29–6.85) and 2.20 
(95% CI 0.97–4.99) when adjusted for WFNS grade (Fig. 
2). Patients with thick, diffuse SAH suffered mortality 
from a variety of medical complications not seen in the 
other group, including sepsis, cardiac failure, hypotension, 
ileus, and respiratory failure. For both groups, cerebral va-
sospasm and other brain-related causes of death were the 
most common causes of mortality (Table 3).

At 12 weeks after aSAH, poor clinical outcome, defined 
by a GOSE score of ≤ 4, was observed in 32.7% (95% CI 
27.3%–8.3%) of patients with thick, diffuse SAH, com-
pared to only 16.2% (95% CI 12.1%–21.1%) of patients 
with less subarachnoid blood. The relative risks of patients 

TABLE 2. Aneurysm characteristics and CT findings at hospital 
admission

Characteristic

Thick/Diffuse  
Hemorrhage  

(n = 294)

Other  
Hemorrhage  

(n = 278)

Repaired aneurysm location, no. (%)
 Supraclinoid ICA 31 (10.5) 26 (9.4)
 PCoA 43 (14.6) 28 (10.1)
 ACoA 124 (42.2) 91 (32.7)
 ACA 17 (5.8) 21 (7.6)
 MCA 54 (18.4) 90 (32.4)
 Posterior circulation or other 25 (9.0) 22 (7.9)
Aneurysm size, no. (%)
 ≤15 mm 279 (94.9) 267 (96.0)
 >15 mm 15 (5.1) 11 (4.0)
Baseline CT findings, no. (%)*
 SAH 294 (100) 276 (99.3)
 IVH 260 (88.4) 201 (72.3)
 Hydrocephalus† 201 (68.4) 133 (47.8)
 Intracerebral hemorrhage 69 (23.5) 60 (21.6)
 Extraaxial hematoma 6 (2.0) 4 (1.4)
 Midline shift (>5 mm) 1 (0.3) 8 (2.9)
 Cerebral infarct 5 (1.7) 3 (1.1)

ACA = anterior cerebral artery; ACoA = anterior communicating artery; ICA = 
internal carotid artery; MCA = middle cerebral artery; PCoA = posterior com-
municating artery.
* Findings are not mutually exclusive.
† Bicaudate index > 99th percentile for decile of age.

FIG. 1. The effect of hemorrhage burden on morbidity-mortality at 6 
weeks. Figure is available in color online only.

FIG. 2. The effect of hemorrhage burden on vasospasm-related morbid-
ity and all-cause mortality at 6 weeks. Figure is available in color online 
only.
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with thick, diffuse SAH experiencing a poor clinical out-
come were found to be 2.02 (95% CI 1.47–2.76) and 1.69 
(95% CI 1.23–2.31) when adjusted for admission WFNS 
grade (Fig. 3).

After stepwise selection, the multivariate logistic re-
gression model included WFNS grade, clot size, and age 
for the morbidity-mortality model and WFNS grade, clot 
size, aneurysm size, hydrocephalus, and sex for the clini-
cal outcome model (Table 4). Of the predictors tested, only 
poor WFNS grade (OR 3.59, 95% CI 2.30–5.62) and clot 
size (OR 3.29, 95% CI 2.15–5.04) were found to be in-
dependently associated with both vasospasm-related mor-
bidity and all-cause mortality. A poor WFNS grade (OR 
6.11, 95% CI 3.87–9.66), aneurysm size (OR 3.06, 95% 

CI 1.24–7.56), and clot size (OR 2.22, 95% CI 1.43–3.45) 
were found to be independent predictors of poor 12-week 
clinical outcome (GOSE score) (Table 4). Of note, sex and 
hydrocephalus were included in the multivariate analysis 
for both models, as they have been previously demonstrat-
ed to have an impact on outcomes after aSAH. However, 
in our cohort, they were not found to have a statistically 
significant impact (Table 4).

Patients with thick, diffuse SAH experienced a greater 
frequency of treatment-emergent adverse events (94.9% 
vs 86.3%). For instance, they had a higher incidence of 
pneumonia (11.9% vs 3.6%) and urinary tract infection 
(20.1% vs 12.9%). As expected, significantly more patients 
with thick, diffuse SAH experienced vasospasm (36.7% 
vs 18.0%) and cerebral infarction (12.9% vs 5.0%). Hy-
ponatremia (22.1% vs 12.9%) was also more common in 
patients with a larger clot burden (Table 5).

Discussion
Prevention and treatment of vasospasm-related com-

plications following aSAH have remained frustratingly 
elusive. Numerous studies have evaluated potential thera-
pies to prevent or treat vasospasm, but few have shown 
improved long-term neurological outcomes. Prophylactic 
hypervolemia or angioplasty, and multiple medications, 
including antiplatelet agents, statins, and magnesium 
sulfate, have all been trialed but have not shown a clear 
benefit in clinical outcome.11,20–25 Although several trials, 
such as the prophylactic transluminal balloon angioplasty 
study by Zwienenberg-Lee et al. and the CONSCIOUS tri-
als with clazosentan by Macdonald et al., demonstrated 
safety and proof of concept, no benefit was shown in long-
term morbidity determined by GOSE score.11,25

The lack of success of many promising interventions 
prompts investigation into the underlying cause for the 
ongoing failures. Multiple methods to improve aSAH 
research have been cited, including more unified defini-

FIG. 3. The effect of hemorrhage burden on clinical outcome at 12 
weeks. Poor clinical outcome is defined as a GOSE score of ≤ 4. Figure 
is available in color online only.

TABLE 3. Primary cause of death

Cause of Death

Thick/Diffuse  
Hemorrhage  

(n = 294)

Other  
Hemorrhage  

(n = 278)

Total no. of deaths (%) 25 (8.5) 9 (3.2)
Primary cause of death, no. (%)*
 Cerebral vasospasm 9 (3.1) 4 (1.4)
 Cerebral infarction 11 (3.7) 1 (0.4)
 Brain edema 1 (0.3) 2 (0.7)
 Cerebral hemorrhage 0 (0) 2 (0.7)
 Sepsis 2 (0.7) 0 (0)
 Cardiac failure 1 (0.3) 0 (0)
 Hypotension 1 (0.3) 0 (0)
 Ileus 1 (0.3) 0 (0)
 IVH 1 (0.3) 0 (0)
 Respiratory failure 1 (0.3) 0 (0)
 Unknown 3 (1.0) 0 (0)

* Six patients had 2 primary causes of death: 4 patients had cerebral infarction 
and cerebrovascular vasospasm, 1 patient had cerebral infarction and brain 
death, and 1 patient had hypotension and sepsis.

TABLE 4. Multivariate logistic regression analyses for 
vasospasm-related morbidity and all-cause mortality at 6 weeks 
and long-term outcome (GOSE score) at 12 weeks

Variables Included  
in the Model

OR (95% Wald CI)
Morbidity/Mortality  

at 6 Wks
GOSE Score 

at 12 Wks

Clot size (thick, diffuse 
vs other)

3.29 (2.15–5.04) 2.22 (1.43–3.45)

WFNS grade (III–V 
vs I–II)

3.59 (2.30–5.62) 6.11 (3.87–9.66)

Age at admission (<65 
vs ≥65 yrs)

1.61 (0.87–2.98) —

Aneurysm size (>15 vs 
≤15 mm)

— 3.06 (1.24–7.56)

Hydrocephalus (pres-
ence vs absence)*

— 1.50 (0.95–2.36)

Sex (female vs male) — 1.42 (0.88–2.29)

— = not selected for the multivariate analysis.
* Bicaudate index > 99th percentile for decile of age.
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tions and reporting of vasospasm, DCI, imaging results, 
and clinical outcomes.26 There is also an obvious need to 
develop a sensitive and appropriate clinical endpoint in 
aSAH that is clinically relevant to clinicians and accept-
able to regulators. One method of improving vasospasm-
related trials entails identification of an enriched patient 
population with a high event rate. Vasospasm is a difficult 
disease process to study because it does not always de-
velop in patients with aSAH. Report rates of angiograph-
ic vasospasm range from 26% to 66% and those of DCI 
range from 20% to 30%.14,27–29 Furthermore, the severity 
of angiographic vasospasm does not necessarily correlate 
with the extent of neurological decline.30

Focusing studies on the patient cohorts most likely to 
experience clinical deterioration due to vasospasm may 
help demonstrate the benefit of a therapeutic interven-
tion. While the relationship between the amount of SAH 
shown on CT scans and vasospasm has been previously 
investigated through varying approaches,9,10,13,31 our work 
provides a distinctive and potentially more accurate view 
of the natural history of aSAH, given the fact that our co-
hort is placebo only and, to our knowledge, represents the 
largest multicentric cohort reported thus far that includes 
both surgically and endovascularly treated ruptured an-
eurysms.13 Moreover, our data are standardized and were 
prospectively collected/evaluated with centrally adjudicat-
ed CT scans, angiograms, and clinical endpoints.

Our methodology for identifying patients at the high-
est risk for vasospasm-related morbidity and mortality 
based on SAH burden as demonstrated on CT scans dif-
fers from previous attempts to describe a correlation be-
tween the two. For instance, we employed precise clot size 
definitions rather than the less accurate measurements of 
common scales such as the classic Fisher scale. In 1980, 
Fisher et al. first described a grading scale that correlated 
the amount and distribution of subarachnoid blood with the 
risk of vasospasm development.32 Subsequent investigators, 
such as Kistler et al. in 1983, Gurusinghe and Richardson 
in 1984, and Mohsen et al. in 1984, confirmed the relation-
ship between SAH burden and vasospasm by showing that 
increasing clot size correlated with greater incidence of 
vasospasm and DCI.33–35 More recent studies have sought 
to refine these findings and have created varying scales to 
predict the occurrence of vasospasm and DCI. The Hijdra 
scale quantifies the amounts of blood in 10 basal cisterns 
and fissures and in 4 ventricles, while the modified Fish-
er scale adds the presence or absence of intraventricular 
blood to the original scale.36,37 The modified Fisher scale 
is currently the most commonly used method of grading 
vasospasm risk in patients with aSAH, and higher grades 
have been associated with poor long-term outcome.38 New-
ly proposed scales also utilize the thickness of subarach-
noid blood in their prediction algorithms. The Barrow 
Neurological Institute (BNI) has a 1–5 grading scale based 
on a single measurement of maximum SAH thickness to 
predict the incidence of symptomatic vasospasm, while the 
VASOGRADE scale uses modified Fisher grades in com-
bination with WFNS grades to predict DCI.39,40

Our method of characterizing SAH on CT scans in or-
der to identify the patient cohort at highest risk of devel-
oping vasospasm-related morbidity and mortality could 
potentially be useful in future studies. We described the 
hemorrhage with 2 terms: 1) thick or thin and 2) diffuse or 
local. Categorization of a hemorrhage as diffuse or local 
was based on the amount of cisternal involvement, where 
fewer than 3 cisterns was considered local and ≥ 3 cisterns 
(including majority occlusion of a major cistern such as 
the sylvian fissure) was considered diffuse. Although Mac-
donald et al. utilized a description of SAH as thin/thick 
and localized/diffuse in their study of factors associated 
with the development of vasospasm in 2003, our consid-
eration of initial cisternal involvement of blood remains 
relatively novel. No significant SAH scales, including the 
modified Fisher scale, account for the number of cisterns 
filled with subarachnoid blood in addition to the clot thick-
ness, though the Fisher scale has been shown to have prog-
nostic value for vasospasm-related complications.36,41

Using our criteria, we identified thick and diffuse SAH 
as a predictor of not only vasospasm-related morbidity and 
all-cause mortality at 6 weeks (Figs. 1 and 2), but also poor 
clinical outcome (GOSE score ≤ 4) at 12 weeks (Fig. 3). 
These findings mirror those of prior studies. The modified 
Fisher scale associates the presence of a thick cisternal clot 
and IVH with an increased risk for DCI, but it has not been 
consistently predictive of poor clinical outcome. Patients 
with a modified Fisher score of 3 or 4 (thick SAH with-
out or with IVH) showed greater risk of radiological and 
symptomatic vasospasm in Kramer and colleagues’ com-

TABLE 5. Summary of treatment-emergent adverse events

Event

Thick/Diffuse  
Hemorrhage  

(n = 294)

Other  
Hemorrhage  

(n = 278)

Patients w/ at least 1 AE 279 (94.9) 240 (86.3)
Total no. of AEs 1534 1013
Vasospasm 108 (36.7) 50 (18.0)
Pyrexia 67 (22.8) 59 (21.2)
Constipation 53 (18.0) 51 (18.3)
Hyponatremia 65 (22.1) 36 (12.9)
Urinary tract infection 59 (20.1) 36 (12.9)
Hypokalemia 48 (16.3) 35 (12.6)
Anemia 40 (13.6) 27 (9.7)
Cerebral infarction 38 (12.9) 14 (5.0)
Hypertension 29 (9.9) 21 (7.6)
Pneumonia 35 (11.9) 10 (3.6)
Brain edema 24 (8.2) 19 (6.8)
Increased hepatic enzymes 24 (8.2) 19 (6.8)
Hydrocephalus 24 (8.2) 15 (5.4)
Headache 14 (4.8) 24 (8.6)
Nausea 13 (4.4) 24 (8.6)
Increased C-reactive protein 14 (4.8) 16 (5.8)
Increased γ-glutamyltransferase 19 (6.5) 11 (4.0)
Vomiting 14 (4.8) 15 (5.4)
Other 238 (81.0) 186 (66.9)

AE = adverse event.
Values are presented as the number (%) of patients.
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parison of scales evaluating 271 patients.42 The BNI scale 
also stratifies patients according to SAH thickness, but with 
more even distribution of classes increasing at 5-mm inter-
vals. Patients with thicker SAH clots also had an elevated 
risk of radiological and symptomatic vasospasm, new cere-
bral infarction, and poor clinical outcome, with the highest 
risk demonstrated in patients with > 15-mm-thick SAH in 
validation studies including 260 and 1321 patients.40,43,44

While our study echoes these findings, the size and 
standardization of our cohort potentially provide a more 
generalizable picture of the natural history of the dis-
ease, as we examined the association between cisternal 
clot size burden (as well as other baseline characteristics) 
and specific manifestations of vasospasm-related morbid-
ity, including new infarcts, DINDs, use of rescue therapy, 
and clinical outcome, rather than clinical or radiological 
vasospasm alone. One criticism could be that we did not 
account for IVH, despite the fact that this has shown prog-
nostic value in several, though not all, studies.7,15,36,45 Our 
data did include evaluation of IVH presence; however, with 
88.4% and 72.3% of patients with thick, diffuse and other 
SAH having IVH, respectively, we felt that further analy-
sis would not be meaningful. Another criticism relates to 
the fact that patients were included if their WFNS grade 
was between I and IV prior to the procedure and did not 
worsen to grade V postprocedure, which may have limited 
the enrollment of very severe patients. Finally, although 
imaging data were assessed by a centralized review com-
mittee, no formal assessment of interobserver reliability 
was performed.

Another interesting observation from our analysis was 
that the presence or absence of hydrocephalus did not 
have a statistically significant impact on ultimate 12-week 
clinical outcomes. It could be predicted that patients with 
hydrocephalus present on admission may appear to fare 
better than those who do not have it since treatment of the 
hydrocephalus may drastically improve neurological sta-
tus. However, we found that while these patients improve 
initially, their 12-week clinical outcomes were not signifi-
cantly affected by this factor (Table 4).

Furthermore, several investigations have shown that 
clinical grading scales, such as the Hunt and Hess scale 
and WFNS scale, may predict neurological outcome bet-
ter than radiological scales. Dengler et al. demonstrated 
this by showing that the classic Fisher and BNI scales did 
not predict clinical outcome as well as the WFNS and 
Hunt and Hess scales.43 Regarding the interaction be-
tween SAH clot burden and the risk of DCI, the VASO-
GRADE scale ascribes the highest risk of DCI to patients 
with a WFNS grade IV or V regardless of the modified 
Fisher score.39,43 Our analysis showed that thick, diffuse 
cisternal SAH—as well as WFNS grade at admission—is 
independently associated with 6-week vasospasm-related 
morbidity and all-cause mortality and with 12-week clini-
cal outcome (Table 4).

Conclusions
The presence of thick and diffuse aSAH (defined as ≥ 4 

mm thick and involving ≥ 3 basal cisterns) demonstrated 
on initial CT scans is associated with an elevated risk of 

vasospasm-related morbidity and all-cause mortality at 6 
weeks as well as poor clinical outcome (a GOSE score of 
≤ 4) at 12 weeks, even after adjusting for WFNS grade at 
admission, which was also independently associated with 
worse outcome. This aSAH subset constitutes an enriched 
population for vasospasm-related events suitable to test fu-
ture antivasospastic strategies. Future clinical trials may 
consider directing attention to this group of patients given 
their high tendency for vasospasm-related morbidity and 
mortality.
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