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Clazosentan, an endothelin receptor antagonist, in patients 
with aneurysmal subarachnoid haemorrhage undergoing 
surgical clipping: a randomised, double-blind, 
placebo-controlled phase 3 trial (CONSCIOUS-2)
R Loch Macdonald, Randall T Higashida, Emanuela Keller, Stephan A Mayer, Andy Molyneux, Andreas Raabe, Peter Vajkoczy, Isabel Wanke, 
Doris Bach, Aline Frey, Angelina Marr, Sébastien Roux, Neal Kassell

Summary
Background Clazosentan, an endothelin receptor antagonist, signifi cantly and dose-dependently reduced angiographic 
vasospasm after aneurysmal subarachnoid haemorrhage (aSAH). We investigated whether clazosentan reduced 
vasospasm-related morbidity and all-cause mortality.

Methods In this randomised, double-blind, placebo-controlled, phase 3 study, we randomly assigned patients with 
aSAH secured by surgical clipping to clazosentan (5 mg/h, n=768) or placebo (n=389) for up to 14 days (27 countries, 
102 sites, inpatient and outpatient settings) using an interactive web response system. The primary composite 
endpoint (week 6) included all-cause mortality, vasospasm-related new cerebral infarcts, delayed ischaemic 
neurological defi cit due to vasospasm, and rescue therapy for vasospasm. The main secondary endpoint was 
dichotomised extended Glasgow outcome scale (GOSE; week 12). This trial is registered with ClinicalTrials.gov, 
number NCT00558311.

Findings In the all-treated dataset, the primary endpoint was met in 161 (21%) of 764 clazosentan-treated patients and 
97 (25%) of 383 placebo-treated patients (relative risk reduction 17%, 95% CI –4 to 33; p=0·10). Poor functional 
outcome (GOSE score ≤4) occurred in 224 (29%) clazosentan-treated patients and 95 (25%) placebo-treated patients 
(–18%, –45 to 4; p=0·10). Lung complications, anaemia, and hypotension were more common with clazosentan. 
Mortality (week 12) was 6% in both groups.

Interpretation Clazosentan at 5 mg/h had no signifi cant eff ect on mortality and vasospasm-related morbidity or 
functional outcome. Further investigation of patients undergoing endovascular coiling of ruptured aneurysms is 
needed to fully understand the potential usefulness of clazosentan in patients with aSAH. 

Funding Actelion Pharmaceuticals.

Introduction
Despite advances in treatment, outcome after aneurysmal 
subarachnoid haemorrhage (aSAH) remains poor: the 
fatality rate is 40% and many survivors have long-term 
cognitive and neurological impairment.1,2 If patients 
survive the initial aSAH, several complications can occur 
and contribute to poor outcome. Cerebral vasospasm, 
the constriction of intracranial arteries, is seen on 
angiography in up to 70% of patients with aSAH and is 
signifi cantly and independently associated with poor 
outcome.3–5 Angiographic vasospasm and its associated 
clinical manifestation, delayed ischaemic neurological 
defi cit (DIND), is commonly identifi ed as a potentially 
preventable complication of aSAH.5 Current 
management of vasospasm includes prophylactic 
nimodipine and rescue therapy with induced 
hypertension, and intra-arterial infusion of vasodilators 
and angioplasty if DIND occurs; however, the effi  cacy of 
these treatments is suboptimal.6–8

Although the pathogenesis of vasospasm is not 
completely understood, it is believed to be due, in part, to 

an increase in vasoconstrictors, including oxy haemo-
globin, bilirubin oxidation products, and endothelin 1.9 
Data from several studies implicate the potent 
vasoconstrictor endothelin 1 in vasospasm pathogenesis, 
making it an appropriate target for intervention.10

Clazosentan (Actelion Pharmaceuticals, Allschwil, 
Switzerland) is an endothelin receptor antagonist 
designed to inhibit endothelin-mediated cerebral 
vasospasm. Two phase 2 trials11,12 of this drug showed 
signifi cant effi  cacy against angiographic vasospasm. 
The larger of these studies (the phase 2b study, 
clazosentan to overcome neurological ischaemia and 
infarct occurring after subarachnoid haemorrhage 
[CONSCIOUS-1]) assessed the effi  cacy and safety of 
three doses of clazosentan (1, 5, and 15 mg/h) for 
prevention of angiographic vasospasm after aSAH.12 
Clazosentan produced a dose-dependent reduction in 
moderate or severe angiographic vasospasm with a 65% 
relative risk reduction with the highest dose of 
clazosentan (p<0·0001). CONSCIOUS-1 was not 
powered to detect changes in morbidity or mortality, 
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but post-hoc analyses showed some evidence for 
improved outcome (all-cause mortality and vasospasm-
related morbidity).

Our phase 3 study, CONSCIOUS-2, was designed to 
target a population at high risk of developing cerebral 
vasospasm and secondary ischaemic complications after 
aSAH. Based on the phase 2 study results,12 the patient 
population was enriched for vasospasm by including 
patients with substantial blood-clot thickness (identifi ed 
at baseline CT scan) who had undergone surgical 
clipping. Thus, we assessed whether 5 mg/h clazosentan 
would reduce the incidence of all-cause mortality and 
vasospasm-related morbidity within 6 weeks of aSAH in 
patients secured by surgical clipping.

Methods
Patients and study design
We did a randomised, double-blind, placebo-controlled, 
phase 3 trial in 102 sites in 27 countries. Patients were 
aged 18–75 years with subarachnoid haemorrhage due to 
ruptured saccular aneurysm secured by surgical clipping. 
Eligible patients had a diff use clot (long axis ≥20 mm or 
present in both hemispheres) on admission CT scan and 
a World Federation of Neurological Surgeons (WFNS) 
grade I–IV subarachnoid haemorrhage before the 
securing procedure. Individuals with subarachnoid 
haemorrhage due to non-aneurysmal causes, intra-
ventricular or intracerebral haemorrhage without sub-
arachnoid blood, angiographic vasospasm on admission 
angiography, or major complications during the securing 
procedure were excluded. Written informed consent was 
obtained according to local laws.

Patients were randomly assigned (2:1) to receive 
5 mg/h clazosentan or placebo within 56 h of aSAH 
and after neurosurgical clipping (fi gure 1). We selected 
this randomisation strategy to maximise the amount of 
safety information about clazosentan. The 5 mg/h dose 
was selected based on data from the CONSCIOUS-1 
study, in which the incidence of a similar composite 
endpoint in patients with subarachnoid haemorrhage 
secured by clipping and receiving placebo was 45% 
compared with 46% in patients receiving 1 mg/h 
clazosentan, 25% in those receiving 5 mg/h, and 40% 
in those receiving 15 mg/h. These fi ndings suggested 
that the 5 mg/h dose was the most eff ective for patients 
undergoing neurosurgical clipping of a ruptured 
aneurysm. Clazosentan or placebo were administered 
intravenously for up to 14 days after the aSAH. Final 
follow-up was 12 weeks after aSAH. Sites were asked to 
manage patients according to guidelines developed for 
the study that were consistent with published 
recommendations.13,14 These guidelines emphasised the 
importance of maintaining or increasing blood 
pressure by preferentially using vasopressors and 
limiting the administration of fl uids. Early detection 
and management of lung complications were also 
addressed. Drugs or procedures not considered to be 

standard care were prohibited. Oral, but not 
intravenous, nimodipine was permitted. The study 
protocol was approved by local institutional review 
boards. The study was completed in accordance with 
Good Clinical Practice guidelines and the Declaration 
of Helsinki.

Figure 1: Study design
Adapted and reprinted with kind permission from Springer Science and Business Media.13 iv=intravenous. 
aSAH=aneurysmal subarachnoid haemorrhage. GOSE=extended Glasgow outcome scale. mRS=modifi ed Rankin 
scale. TICS=telephone interview for cognitive status.

Patients with aSAH

Randomisation (2:1, clazosentan:placebo)

Clazosentan 5 mg/h iv

Placebo

Screening
CT,

angiogram

Max 56 h

Screening 
and

surgical 
clipping

24–48 h
post-clipping

CT

Day 9±2
Angiogram (sedated or 
unconscious patients)

Week 6
CT, morbidity,
and mortality

Week 12
GOSE,
mRS,
TICS

Until day 14 after aSAH Follow-up

Figure 2: Trial profi le
aSAH=aneurysmal subarachnoid haemorrhage. GOSE=extended Glasgow outcome scale. WFNS=World Federation 
of Neurological Surgeons. *Most patients who prematurely discontinued study drug, for all reasons listed, could 
still be included in the week 6 morbidity and mortality assessment and the week 12 GOSE assessment (all-treated 
patient set, for effi  cacy analysis). †3 drug stopped in error, 1 early discharge or moved to another ward or hospital, 
3 technical or logistic reason, 1 extended hospital stay. ‡9 drug stopped in error, 9 early discharge or moved to 
another ward or hospital, 4 technical or logistic reason, 4 protocol misunderstanding or violation, 1 procedure-
related cerebral infarction, 1 drug stopped by investigator, 5 administrative, 1 target blood pressure not reached, 
2 problems with venous access.

389 placebo 768 clazosentan 5 mg/h

1157 randomly assigned

      6 patients did not receive study 
          drug
          5 consent withdrawn
          1 pulmonary oedema after 
              operation

383 treated 764 treated

      43 premature discontinuations
             of study drug*
             20 adverse event
               4 consent withdrawn
               6 death
               5 rescue therapy
               8 other†

    123 premature discontinuations
             of study drug*
             65 adverse event
               9 consent withdrawn
               5 death
               8 rescue therapy
             36 other‡

340 completed per-protocol 641 completed per-protocol

381 morbidity or mortality 
         assessment (week 6)

762 morbidity or mortality 
         assessment (week 6)

378 GOSE assessment (week 12) 752 GOSE assessment (week 12)

      4 patients did not receive study 
          drug
          2 >56 h after aSAH
          1 WFNS grade V after operation
          1 administrative
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Randomisation and masking
Patients were randomly assigned after the aneurysm was 
secured. For each patient to be randomised, the 
investigator completed a randomisation form on an 
interactive web response system (coordinated by an 
independent contract research organisation). This web 
response system assigned a randomisation number 
according to a predefi ned scheme. The randomisation 
code was only available to authorised individuals with no 
involvement in study conduct or analysis until the time 
of unmasking (after study completion and when clinical 
databases were declared closed). Randomisation was 
stratifi ed by site.

Procedures
All patients underwent baseline cranial CT and CT or 
catheter angiography. A cranial CT scan was obtained 
24–48 h after the aneurysm-securing procedure, at 
discharge, and 6 weeks after aSAH. Neurological 
assessment was completed every 6 h from initiation of 
study drug until day 14 using the modifi ed Glasgow 
coma scale15 and the abbreviated National Institutes of 
Health stroke scale.16,17 A CT scan and an angiogram 
were required if the patient had worsening of 
neurological symptoms, as defi ned previously.12 In 
sedated or otherwise unevaluable patients, an angiogram 
was done at day 9 (±2 days). Telephone interviews were 
done at week 12 by centralised interviewers to obtain 
scores for the extended Glasgow outcome scale (GOSE) 
and modifi ed Rankin scale.

Clinical and imaging data were assessed by a masked, 
centralised critical events committee. This committee 
included an image review subcommittee of neuro-
radiologists, who determined the presence of 
angiographic vasospasm and new or worsened cerebral 
infarcts (each angiogram was reviewed by two 
neuroradiologists, with a third adjudicating if 
discrepancies occurred), and a clinical review sub-
committee, comprised of neurosurgeons and neuro-
intensivists, responsible for assessing the primary 
endpoint. Individual components of the primary endpoint 
were assessed by three reviewers from the clinical review 
committee (two neurosurgeons and one neurointensivist). 
Unanimity was required, and in case of disagreement 
the three reviewers reached agreement by consensus.

The primary endpoint assessed all-cause mortality and 
vasospasm-related morbidity within 6 weeks of aSAH, as 
defi ned by at least one of these events: death; vasospasm-
related cerebral infarction (where vasospasm was the 
primary cause or a relevant contributing factor); DIND 
due to vasospasm (where vasospasm was the primary 
cause or a relevant contributing factor); or neurological 
signs or symptoms, in the presence of a positive 
angiogram, leading to rescue therapy. DIND was defi ned 
as a decrease of ≥2 points on the modifi ed Glasgow coma 
scale or an increase of ≥2 points on the abbreviated 
National Institutes of Health stroke scale lasting for at 
least 2 h. For patients under continuous sedation, DIND 
was defi ned as administration of a valid rescue therapy. 
Rescue therapy included initiation or increase in dose of 
an intravenous vasopressor with or without fl uid therapy, 
or intra-arterial vasodilator or balloon angioplasty.

The GOSE score dichotomised as good or poor outcome 
at week 12 was the main secondary endpoint. The other 
secondary endpoints were the occurrence of the 
individual components of the composite primary 
endpoint and total volume of new or worsened cerebral 
infarcts of all causes at week 6 after aSAH. Planned 
supplementary analyses assessed the eff ect of subgroups 
(WFNS grade, clot size, age, and sex) on the primary and 
secondary endpoints. Safety endpoints included death up 

Clazosentan 5 mg/h 
(n=764)

Placebo
(n=383)

Total
(n=1147)

Women 512 (67%) 263 (69%) 775 (68%)

Mean age, years (range) 52·0 (10·9; 18–75) 51·2 (11·1; 20–75) 51·8 (11·0; 18–75)

Race

White 540 (71%) 279 (73%) 819 (71%)

Black 12 (2%) 5 (1%) 17 (2%)

Asian 189 (25%) 93 (24%) 282 (25%)

Hispanic 13 (2%) 3 (1%) 16 (1%)

Other 10 (1%) 3 (1%) 13 (1%)

WFNS admission grade 

Grade I 391 (51%)* 183 (48%)† 574 (50%)‡

Grade II 196 (26%)* 117 (31%)† 313 (28%)‡

Grade III 37 (5%)* 22 (6%)† 59 (5%)‡

Grade IV 125 (16%)* 50 (13%)† 175 (15%)‡

Grade V 11 (1%)* 8 (2%)† 19 (2%)‡

Motor defi cit at admission 103 (14%) 52 (14%) 155 (14%)

Number of aneurysms secured (ruptured and unruptured)

1 683 (89%) 342 (89%) 1025 (89%)

2 69 (9%) 39 (10%) 108 (9%)

>2 12 (2%) 2 (<1%) 14 (1%)

Size of clipped ruptured aneurysm

≤15 mm 729 (95%) 362 (95%) 1091 (95%)

>15 mm 35 (5%) 21 (6%) 56 (5%)

Key locations of ruptured aneurysms

ACoA 283 (37%) 141 (37%) 424 (37%) 

MCA 258 (34%) 128 (33%) 386 (34%) 

Supraclinoid ICA 89 (12%) 38 (10%) 127 (11%) 

PCoA 77 (10%) 40 (10%) 117 (10%) 

ACA 40 (5%) 28 (7%) 68 (6%) 

Clot size at baseline

Diff use thick 396 (52%) 178 (47%) 574 (50%) 

Local thick 256 (34%) 139 (36%) 395 (35%) 

Diff use thin 94 (12%) 55 (14%) 149 (13%) 

Local thin 15 (2%) 10 (3%) 25 (2%) 

None ·· 1 (<1%) 1 (<1%) 

Values are n (%) and (SD; range) where appropriate. WFNS=World Federation of Neurological Surgeons. ACoA=anterior 
communicating artery. MCA=middle cerebral artery. ICA=internal carotid artery. PCoA=posterior communicating 
artery. ACA=anterior cerebral artery. *n= 760. †n=380. ‡n=1140.

Table 1: Baseline demographic and disease characteristics for all treated patients



Articles

www.thelancet.com/neurology   Vol 10   July 2011 621

to week 12 and treatment-emergent adverse events 
(including those of special interest [eg, lung complications, 
hypotension, anaemia, cerebral haemorrhage, cardio-
vascular disorders, and eye disorders]).

Statistical analysis
On the basis of data from the CONSCIOUS-1 study,12 the 
incidence of vasospasm-related morbidity and all-cause 
mortality in placebo-treated patients was initially 
estimated to be 40%. On the basis of the masked overall 
rate of vasospasm-related morbidity and all-cause 
mortality in CONSCIOUS-2 (placebo and clazosentan 
pooled results), this estimate was subsequently amended 
during the trial to 30%. The sample size estimate for 
CONSCIOUS-2 was based on a 30% relative risk 
reduction for the primary endpoint.

In accordance with the intention-to-treat principle, the 
effi  cacy analyses were based on the full analysis set, 
defi ned as the all-treated patient set. This analysis set 
included all randomised patients who started study drug 
infusion. Analysis of the primary outcome was also done 
on the per-protocol set, which included all patients 
without major protocol violations. Patients exposed to 
clazosentan, with at least one postbaseline safety 
measurement, were included in the safety dataset. As 
patients were treated under medical supervision in a 
hospital setting, all treated patients had at least one 
postbaseline safety measurement. Treatment eff ect was 
tested by logistic regression adjusted for WFNS 
grade (I, II, ≥III) with the Wald χ² test used to determine 
treatment eff ect. We described the incidence and relative 
risk reduction of dichotomous variables for the 
clazosentan-treated group relative to the placebo group, 
with corresponding 95% CIs. GOSE scores (categorised 
by poor [score ≤4] and good [score >4] outcomes) were 
analysed using the same statistical methods as described 
for the primary endpoint. We compared baseline 
demographics using descriptive statistics (all values are 
means and SD or %). For the primary endpoint, where 
assessments for individual endpoint components were 
missing or unknown, the worst case was assumed 
(ie, presence of the event); these values were used to 
substitute missing primary endpoint data for the purpose 
of statistical analysis. For the GOSE endpoint, if no 
GOSE score was available, a score of 5 (lower moderate 
disability) was assigned when there was no clinical 
evidence of prior neurological impairment, and a score 
of 3 (lower severe disability) assigned in any other 
situation when a patient was alive at week 12. This trial is 
registered with ClinicalTrials.gov (NCT00558311). 
Additional information on the rationale, study design, 
and methodology has been published.13

Role of the funding source
The study was funded by Actelion Pharmaceuticals. 
The sponsor was responsible for the study design and 
protocol, in collaboration with the study steering 

committee (the non-Actelion authors). The study, data 
collection, and statistical analysis were done by Actelion. 
All of the authors were provided with the full set of 
statistical tables and fi gures resulting from the trial data 
analysis. Medical writing and editorial support were 
provided by Watermeadow Medical, funded by Actelion 
Pharmaceuticals. RLM had full access to all the data in 
the study and had fi nal responsibility for the decision to 
submit for publication.

Results
We randomly assigned 1157 patients to clazosentan or 
placebo between Dec 14, 2007, and April 29, 2010. 
1147 participants received treatment (764 clazosentan, 
383 placebo; fi gure 2). Baseline characteristics of patients 
were similar between the clazosentan and placebo groups 
(table 1). Two-thirds of the patients were women, and 
most were white and had WFNS grades I or II 
subarachnoid haemorrhages.

The mean treatment duration was 12 days (SD 2) for 
the placebo-treated group and 12 days (SD 3) for the 
clazosentan-treated group, with treatment starting 

Figure 3: Primary composite endpoint and individual components of primary endpoint
Relative risk reduction percentages are rounded. (A) Event rate (%) for all-cause mortality and vasospasm-related 
morbidity at 6 weeks (all-treated, endpoint substituted; the primary endpoint). (B) Event rate (%) for each of the 
individual components of the primary composite endpoint (all-treated, endpoint substituted; planned analysis, 
secondary endpoint). DIND=delayed ischaemic neurological defi cit.
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19 h (SD 11) after aneurysm clipping in both groups. Oral 
nimodipine was administered to 597 (78%) participants 
receiving clazosentan and 304 (79%) receiving placebo. 
Data for the primary endpoint were substituted in four 
patients with missing data (two clazosentan and two 

placebo). For the GOSE secondary endpoint, fi ve patients 
had data substituted in the placebo group (three with 
GOSE score 3; two with GOSE score 5) and 12 patients 
had data substituted in the clazosentan group (ten with 
GOSE score 3; two with GOSE score 5).

After 6 weeks, the primary endpoint occurred in the all-
treated population in 161 (21%) of 764 patients treated 
with clazosentan and 97 (25%) of 383 patients treated 
with placebo (relative risk reduction 17%, 95% CI –4 to 33; 
p=0·10 [logistic regression with WFNS as covariate]; 
fi gure 3). In the per-protocol dataset, the event rates were 
20% (135 of 681) with clazosentan and 25% (86 of 349) 
with placebo (relative risk reduction 20%, 95% CI 
–2 to 37). Event rates for each of the individual 
components of the primary composite endpoint are 
shown in fi gure 3. Vasospasm-related rescue therapy was 
given to 11% of clazosentan-treated patients and 16% of 
placebo-treated patients (relative risk reduction 36%, 
14 to 53; fi gure 3). Mortality, new cerebral infarct, and 
DIND were not signifi cantly diff erent between groups 
(fi gure 3). No signifi cant diff erence was reported between 
treatment groups in poor outcome (GOSE ≤4) at week 12 
in the all-treated dataset; poor outcome was reported in 
224 (29%) patients receiving clazosentan and 
95 (25%) receiving placebo (relative risk reduction –18%, 
–45 to 4; p=0·10 [logistic regression with WFNS as 
covariate]; fi gure 4).

290 (38%) clazosentan-treated patients and 134 (35%) 
placebo-treated patients had a new or worsened cerebral 
infarction (all causes) 6 weeks after aSAH. Figure 3 shows 
the proportion of patients with a new infarction adjudicated 
as being due to vasospasm. The diff erence in mean 
volume of new or worsened infarcts (all causes) between 
treatment groups was not signifi cant (p=0·315; fi gure 4).

In subgroup analyses, clazosentan reduced mortality 
and vasospasm-related morbidity in patients with poor 
WFNS grade (≥III) subarachnoid haemorrhage (relative 
risk reduction 33%, 95% CI 8 to 51) but no eff ect was 
seen in patients with grade I–II subarachnoid 
haemorrhage (9%, –21 to 32; fi gure 5). Mortality and 
vasospasm-related morbidity were reduced with 
clazosentan in patients with diff use thick subarachnoid 
haemorrhage at baseline (25%, 5 to 41) but not in patients 
with diff use thin, local thick, or local thin subarachnoid 
haemorrhage (11%, –40 to 43; fi gure 5). No signifi cant 
eff ect of clazosentan on GOSE was reported in these 
subgroups (fi gure 5). No signifi cant eff ect of age or sex 
on either endpoint was seen.

Adverse events were the most common reason for 
discontinuation in both treatment groups. The most 
common adverse events leading to discontinuation 
were pulmonary oedema (3 placebo, 12 clazosentan), 
hypotension (3 placebo, 11 clazosentan), cerebrovascular 
spasm (6 placebo, 5 clazosentan), plural eff usion 
(0 placebo, 5 clazosentan), and cerebral infarction 
(3 placebo, 4 clazosentan). The number of adverse 
eff ects in the safety dataset was similar across treatment 

Figure 5: Planned subgroup analyses
(A) Cerebral vasospasm-related morbidity and all-cause mortality. (B) Extended Glasgow outcome scale. WFNS=World 
Federation of Neurological Surgeons. *Risk of having the event for patients on clazosentan versus placebo.

All patients
Sex

 Men
 Women

Age
 <50 years
 50–60 years
 >60 years

Clot size
 Diffuse thick
 Diffuse thin, local 
 thick, or local thin

WFNS
 WFNS I, II
 WFNS III, IV, V

1147

 372
 775

 465
 417
 265
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 569

 887
 253

Total

764

 252
 512

 300
 284
 180

 396
 365

 587
 173

Clazosentan

383

 120
 263
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 133

 85

 178
 204

 300
 80

Placebo

0·83 (0·67–1·04)

 0·87 (0·58–1·30)
 0·82 (0·63–1·06)

 0·74 (0·52–1·05)
 0·98 (0·67–1·44)
 0·78 (0·52–1·18)

0·75 (0·59–0·95)
0·89 (0·57–1·40)

0·91 (0·68–1·21)
0·67 (0·49–0·92)

Relative risk* 
(95% CI)

All patients
Sex

 Men
 Women

Age
 <50 years
 50–60 years
 >60 years

Clot size
 Diffuse thick
 Diffuse thin, local 
 thick, or local thin

WFNS
 WFNS I, II
 WFNS III, IV, V

1147

 372
 775

 465
 417
 265

 574
 569

 887
 253

764

 252
 512

 300
 284
 180

 396
 365

 587
 173

383

 120
 263

 165
 133

 85

 178
 204

 300
 80

1·18 (0·96–1·45)

1·27 (0·84–1·92)
1·16 (0·91–1·47)

1·08 (0·74–1·58)
1·24 (0·88–1·77)
1·16 (0·83–1·61)

1·02 (0·80–1·30)
1·39 (0·96–2·00)

1·28 (0·95–1·72)
1·03 (0·81–1·32)

Favours clazosentan Favours placebo

0·33 0·5 0·75 1 1·33 2 3

B

A

 Clazosentan 5 mg/h 
(n=764)

Placebo
(n=383)

Lung complications 260 (34%) 68 (18%)

Lung complications related to pulmonary oedema 100 (13%) 28 (7%)

Anaemia 171 (22%) 57 (15%)

Hypotension 95 (12%) 17 (4%)

Hepatobiliary events 153 (20%) 65 (17%)

Cerebral haemorrhage 30 (4%) 12 (3%)

Cardiac ischaemic events 17 (2%) 11 (3%)

Rhythm or conduction disorders 92 (12%) 34 (9%)

Eye disorders 11 (1%) 2 (<1%)

Data are n (%). Adverse events are groupings of Medical Dictionary for Regulatory Activities (MedDRA) terms.

Table 2: Treatment-emergent adverse events of specifi c interest by category (safety set)
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groups with 703 (92%) of 764 clazosentan-treated 
patients and 348 (91%) of 383 placebo-treated patients 
reporting at least one adverse event. Treatment-
emergent adverse events are detailed in table 2. Of 
these adverse events, lung complications, anaemia, and 
hypotension were more common in clazosentan-treated 
patients than in placebo-treated patients. Additional 
adverse events reported in ≥5% of clazosentan-treated 
patients are detailed in table 3. From treatment initiation 
to 12 weeks after aSAH, the mortality rate was 6% for 
each group. Details about the cause of death are shown 
in table 4.

Discussion
5 mg/h clazosentan for up to 14 days after aSAH had no 
signifi cant eff ect on the composite endpoint of mortality 
or vasospasm-related morbidity 6 weeks after aSAH 
(panel). However, clazosentan was associated with a 
non-signifi cant 17% relative risk reduction in this 
endpoint, which was driven by a reduction in use of 
rescue therapy for angiographic vasospasm in the 
clazosentan group.  Additionally, there was no signifi cant 
eff ect on poor functional outcome at week 12, as 
measured by GOSE. Subgroup analyses suggested a 

greater clazosentan-mediated relative risk reduction for 
the primary endpoint in patients with a poor WFNS 
grade or diff use thick subarachnoid haemorrhage at 
baseline; however, this did not translate into better 
outcome at week 12, as measured by the GOSE. A 
defi nitive statement about the eff ect of clazosentan in 
patients with poor WFNS grade or diff use thick 
subarachnoid haemorrhage cannot be made, because 
most of the patients in the study had WFNS grades I 
and II subarachnoid haemorrhages, patients with WFNS 
grade V haemorrhages were excluded from the study 
(by the protocol), and the eff ect was observed in a 
subgroup analysis.

Clazosentan 
5 mg/h (n=764)

Placebo
(n=383)

Anaemia 158 (21%) 53 (14%) 

Pyrexia 154 (20%) 83 (22%) 

Cerebrovascular spasm 141 (19%) 98 (26%) 

Hypokalaemia 126 (17%) 54 (14%) 

Constipation 123 (16%) 64 (17%) 

Hyponatraemia 103 (14%) 59 (15%) 

Pneumonia 95 (12%) 33 (9%) 

Hypotension 92 (12%) 15 (4%) 

Urinary tract infection 91 (12%) 51 (13%) 

Cerebral infarction 90 (12%) 29 (8%) 

Pleural eff usion 80 (11%) 11 (3%) 

Brain oedema 73 (10%) 30 (8%) 

Pulmonary oedema 66 (9%) 18 (5%) 

Headache 52 (7%) 29 (8%) 

Hepatic enzyme increased 48 (6%) 23 (6%) 

C-reactive protein increased 45 (6%) 22 (6%) 

Vomiting 45 (6%) 20 (5%) 

Agitation 42 (6%) 13 (3%) 

Cerebral ischaemia 41 (5%) 15 (4%) 

Hydrocephalus 40 (5%) 24 (6%) 

γ-glutamyltransferase increased 40 (5%) 21 (6%) 

Data are n (%). Data in tables 2 and 3 cannot be reconciled because table 2 includes 
groupings of preferred terms, whereas table 3 refers to individual Medical 
Dictionary for Regulatory Activities (MedDRA) terms (eg, in table 2, “anaemia” 
includes anaemia, haemoglobin decrease, and red-blood-cell-count decrease etc, 
whereas in table 3, “anaemia” just refers to anaemia).

Table 3: Treatment-emergent adverse events reported by ≥5% of 
clazosentan-treated patients (safety set)

Clazosentan 
5 mg/h (n=768)

Placebo 
(n=389)

Total deaths* 44 (6%) 22 (6%)

Cerebrovascular spasm 11 (1%) 9 (2%) 

Cerebral infarction 10 (1%) 8 (2%) 

Brain herniation 4 (<1%) ··

Cerebral ischaemia 4 (<1%) ··

Ruptured cerebral aneurysm 4 (<1%) ··

Sepsis 2 (<1%) 2 (<1%) 

Acute respiratory distress syndrome 2 (<1%) ··

Brain oedema 2 (<1%) ··

Intracranial pressure increase 2 (<1%) ··

Multi-organ failure 2 (<1%) ··

Subarachnoid haemorrhage 2 (<1%) ··

Cerebral haemorrhage 1 (<1%) 1 (<1%) 

Respiratory failure 1 (<1%) 1 (<1%) 

Acute hepatic failure 1 (<1%) ··

Cardiac arrest 1 (<1%) ··

Cardiopulmonary failure 1 (<1%) ··

Central nervous system ventriculitis 1 (<1%) ··

Death 1 (<1%) ··

Diabetes insipidus 1 (<1%) ··

Diabetic hyperosmolar coma 1 (<1%) ··

Hypothalamo-pituitary disorder 1 (<1%) ··

Metabolic acidosis 1 (<1%) ··

Multi-organ disorder 1 (<1%) ··

Neurological decompensation 1 (<1%) ··

Pulmonary embolism 1 (<1%) ··

Renal failure 1 (<1%) ··

Rhabdomyolysis 1 (<1%) ··

Septic shock 1 (<1%) ··

Shunt infection 1 (<1%) ··

Sudden cardiac death 1 (<1%) ··

Brain death ·· 1 (<1%) 

Cardiac failure ·· 1 (<1%) 

Hypotension ·· 1 (<1%) 

Ileus paralytic ·· 1 (<1%) 

Intraventricular haemorrhage ·· 1 (<1%) 

Data are n (%). *Patients might have more than one primary cause of death.

Table 4: Primary cause of death by preferred term (all randomised)
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We did not include patients aged over 75 years or those 
with local thin subarachnoid haemorrhage, so our results 
might not be applicable to all patients with aSAH. 
Nevertheless, the results were unexpected, in view of the 
established eff ect of clazosentan on the reduction of 
angiographic vasospasm, and the general agreement on 
an important role of vasospasm in cerebral ischaemia 
after aSAH.11,12 Data were assessed centrally to ensure 
consistency in interpretation; the implementation of 
patient management guidelines increased standardisation 
of medical care across study centres; and the primary 
endpoint was selected to focus mainly on vasospasm-
related endpoints (as this is the assumed mechanism of 
action of clazosentan).13

The absence of a signifi cant eff ect of clazosentan on 
outcome could be a consequence of a deleterious 
pharmacological eff ect of the drug counterbalancing 
therapeutic benefi t; some treatment-associated adverse 
events (eg, hypotension and lung complications) were 
reported at a higher frequency with clazosentan. About 
four-fi fths of patients were treated with oral nimodipine; 

whether combination of this vasodilator with clazosentan 
contributed to adverse events needs further analysis. 
Another possibility is that rescue therapy, which was 
used more frequently in the placebo group than in the 
clazosentan group, had a benefi cial eff ect on outcome 
that obscured the benefi t of clazosentan. Furthermore, 
although ischaemic-related events were the main cause 
of death in both groups, a wider range of both these and 
other causes of death occurred in the clazosentan-treated 
group; despite these causes of death, the overall death 
rate was the same in both groups. Finally, the primary 
endpoint was designed to be robust and follow strict 
criteria. This endpoint was assessed centrally with 
adjudication, and required three reviewers to reach 
consensus; although this assessment ensured that the 
specifi city was high, it could have decreased the sensitivity 
by excluding questionable events.

Lack of improvement might also have occurred because 
processes other than vasospasm contribute to DIND and 
poor outcome, which are not improved by prevention of 
angiographic vasospasm.19 CONSCIOUS-1 showed that 
angiographic vasospasm was signifi cantly decreased by 
clazosentan, presumably by blocking the actions of 
endothelin 1. However, microthromboembolism, 
microcirculatory dysfunction, cortical spreading 
ischaemia, and delayed neuronal injury have been 
postulated to contribute to DIND and outcome and might 
not be prevented by clazosentan.5,20–22 Indeed, clazosentan 
has been shown to be eff ective on large vessel vasospasm,12 
but little is known about its eff ect on microcirculation. 
Additionally, severity of the initial haemorrhage is a 
powerful factor aff ecting clinical outcome, presumably 
by causing ischaemic injury and early brain injury 
possibly by non-ischaemic mechanisms.20,23 The 
contribution of these processes to outcome might be 
greater than that of vasospasm.

Clinical trials testing medical treatments for 
prevention of vasospasm have been disappointing with 
only nimodipine having a benefi cial eff ect on outcome 
(but not vasospasm).18 Randomised trials assessing 
tirilazad, nicardipine, statins, magnesium, and 
haemodynamic manipulations have not shown 
consistent, benefi cial eff ects.6,24–26

In conclusion, the reduction in angiographic vasospasm 
with clazosentan seen in the CONSCIOUS-1 study did 
not translate into a measurable clinical benefi t (morbidity 
or mortality, or functional outcome) in our study. 
Pulmonary complications, anaemia, and hypotension 
were more common in patients treated with clazosentan. 
Further investigation of patients undergoing endovascular 
coiling of ruptured aneurysms is needed to fully 
understand the potential usefulness of clazosentan in 
patients with aSAH. 
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All authors contributed to the study design and protocol. All 

non-Actelion authors were members of the study steering committee. 

AR, EK, PV, RLM, and SAM gathered data. AF, AMa, DB, and SR 

Panel: Research in context

Systematic review
Several review articles have reported on studies of pharmaceutical and other therapies, 
either completed or in progress, investigating prevention of vasospasm and delayed 
cerebral ischaemia in patients with aneurysmal subarachnoid haemorrhage (aSAH).5,8,18 To 
date, only oral nimodipine is indicated for reduction of poor clinical outcome associated 
with aSAH,18 whereas other drugs and treatments have not shown consistent, benefi cial 
eff ects. Etminan and colleagues19 did a systematic review and meta-analysis of randomised, 
double-blind, placebo-controlled trials of pharmaceutical treatments for vasospasm, 
delayed cerebral ischaemia, and clinical outcome in patients with aSAH to investigate the 
relationship between vasospasm and clinical outcome;19 they searched PubMed 
from January, 1966, to March, 2010, for the variable “subarachnoid hemorrhage”. 
The search was limited to “randomised trials” and “human studies”, and those reporting 
vasospasm, delayed cerebral ischaemia, and clinical outcome were included. 14 studies 
randomising 4235 patients were included. Despite a reduction in vasospasm (risk 
ratio 0·80, 95% CI 0·70–0·92), there was no signifi cant eff ect on poor outcome (0·93, 
0·85–1·03).19 Because this meta-analysis included studies up to March, 2010, we extended 
the search up to April, 2011; no additional relevant studies were found.

Interpretation
Despite evidence from other studies showing that clazosentan (an endothelin receptor 
antagonist) prevents angiographic vasospasm,11,12 we found that clazosentan at the dose of 
5 mg/h does not have a measurable eff ect on a composite measure of morbidity and 
mortality or the dichotomous Glasgow outcome scale. Taken together with the results of 
the systematic review and meta-analysis by Etminan and colleagues,19 our fi ndings suggest 
that pharmaceutical treatments that were shown to signifi cantly decrease the incidence of 
vasospasm do not reduce poor clinical outcome in patients with aSAH. The reason for the 
dissociation between vasospasm and clinical outcome cannot be determined from this 
trial or the systematic review, but it could result from methodological problems, sample 
size, insensitivity of clinical outcome measures, imbalance in the use of rescue therapy, or 
because mechanisms other than vasospasm also contribute to poor outcome. The reason 
for the dissociation of angiographic vasospasm from clinical outcome will need to be 
understood to advance care of patients with aSAH.
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