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Chapterr 2 

Abstract t 
Background d 

Methods s 

Results s 

Conclusions s 

Thee VENUS trial - Very Early Nimodipine Use in Stroke- was designed to 

testt the hypothesis that early treatment with nimodipine has a positive 

effectt on survival and functional outcome after stroke. This was suggested 

inn a previous meta-analysis on the use of nimodipine in stroke. However, 

inn a recent Cochrane review we were unable to reproduce these positive 

results.. This led to the early termination of VENUS, after an interim 

analysis. . 

Inn this randomised, double-blind, placebo-controlled trial, treatment was 

startedd by general practitioners or neurologists within 6 hours after stroke 

onsett (oral nimodipine 30 mg q.i.d. or identical placebo, for 10 days). 

Mainn analyses included comparisons of the primary endpoint (poor 

outcome,, defined as death or dependency after 3 months) and secondary 

endpointss (neurological status and blood pressure 24 hours after inclusion, 

mortalityy after 10 days and adverse events) between treatment groups. 

Subgroupp analyses (on final diagnosis and based on the per-protocol 

dataset)) were performed. 

Att trial termination, after inclusion of 454 patients (225 nimodipine, 229 

placebo),, no effect of nimodipine was found. After 3 months follow-up 

32%% (n = 71) of patients in the nimodipine group had a poor outcome, 

comparedd to 27% (n = 62) in the placebo group; (RR 1.2, 95% C.I. 0.9 -

1.6).. Neither was a treatment effect found for secondary outcomes and in 

thee subgroup analyses. 

Thee results of VENUS do not support the assumption of the hypothesis of 

aa beneficial effect of early nimodipine in stroke patients. 
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Introduction n 
Noo effective neuroprotective treatment is available in ischaemic stroke. Administration of 

agentss that antagonise the influx of calcium ions by way of voltage sensitive calcium channels 

cann reduce infarct size in animal experiments.23 In 1988 a randomised, placebo-controlled trial 

inn stroke patients, showed a significant reduction of death and neurological impairment after 

administrationn of the calcium antagonist nimodipine.43 Similar results were found in subarachnoid 

haemorrhage,, where the administration of nimodipine before onset of ischaemia was associated 

withh a reduced occurrence of cerebral ischaemia and improved clinical outcome.103117 Further 

randomisedd studies with nimodipine, or other calcium antagonists (e.g. flunarizine, isradipine), 

inn ischaemic stroke, did not confirm the beneficial effect of the earlier study.4546 51;M However, 

subgroupp analyses of patients treated with nimodipine within 18 hours after stroke onset in the 

Americann Stroke Trial, suggested improved outcome after treatment.46 The notion that a short 

timee interval between stroke onset and start of treatment is crucial was supported by results of a 

meta-analysiss of 9 trials with nimodipine in ischaemic stroke.47 Although the overall analysis 

didd not show any beneficial effect, a statistically significant reduction of poor outcome favouring 

nimodipinee was present for patients treated within 12 hours after stroke onset (Odds Ratio 0.62, 

95%% confidence interval 0.44 - 0.87). For treatment between 12-24 hours no effect was 

demonstrated,, whereas after 24 hours nimodipine was associated with worse outcome. Since 

anyy subgroup analysis showing a beneficial effect should be interpreted with caution, as there is 

alwayss the danger that it may be a finding by chance,118 we decided to prospectively study the 

effectss of nimodipine administered early after stroke onset: the VENUS (Very Early Nimodipine 

Usee in Stroke) study. 

Methods s 
PatientPatient selection 

Patientss with acute stroke and hemiparesis were included in this randomised, double-blind, 

placebo-controlledd trial by the first physician encountered. In the Netherlands this is in most 

casess the general practitioner or, less often, the neurologist. To enable general practitioners to 

randomisee patients meant that the design of the trial had to be simple. Data and time needed to 

completee the case record form had to be limited and in- and exclusion criteria straightforward. 

Written,, or witnessed oral, informed consent was required. When this was impossible, informed 

consentt by proxy was allowed. Procedures followed were in accordance with the ethical standards 

off  the Helsinki Declaration. The study was approved by the Dutch General Practitioners ethics 

committeee and local ethics committees. 
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ExclusionExclusion criteria 

Thesee were: ability to raise arm or leg > 10 sec against gravity; inability to start treatment 

withinn 6 hours; age < 18 or > 85 years; previous participation in this trial; pregnancy; impaired 

consciousnesss (does not obey orders and does not open eyes on painful stimuli); other diseases 

likelyy to cause death within one year; previous stroke, resulting in serious handicap (modified 

Rankinn scale !iyscore >3); dysphagia, excluding oral medication at trial onset; systolic blood 

pressuree < 130 mmHg; heart rate < 50 / min; three or more of the next four conditions: severe 

headache,, vomiting, hypertension (systolic BP >220 mmHg), use of oral anticoagulants. 

Intervention Intervention 

Triall  medication consisted of tablets containing 30 mg oral nimodipine or placebo, 

administeredd every 6 hours for 10 days. Medication was provided by Bayer AG. Any other 

concomitantt medication, except nimodipine, was allowed. Medication was randomised in equal 

blockss of ten, according to computer generated lists. Numbered boxes contained one complete 

treatmentt or identical placebo course, and were sequentially distributed among participating 

generall  practitioners and neurologists. 

OutcomeOutcome assessment 

Thee primary end point was poor outcome, defined as all cause mortality or dependency in 

dailyy lif e (modified Rankin score > 3.119) three months after inclusion. This cut-off point for the 

modifiedd Rankin scale was chosen, as patients with a Rankin score of 4 or 5 almost certainly 

cannott live independently.m Secondary end points were neurological status and blood pressure 

244 hours after inclusion, mortality after ten days and adverse events. Outcome was assessed in 

telephonee interview by a trained data manager nurse, blinded for treatment allocation. We aimed 

att interviewing the patient. When this was impossible, the primary care giver was interviewed. 

Assessmentt of functional outcome after stroke by telephone interview was established to be 

reliable.I2U22 2 

DataData collection 

Dataa collected at inclusion: sex, age, comorbidity (previous stroke, cardiac disease, other 

diseases),, level of activities of daily lif e before stroke (independent, in need of some help, 

dependent),, severity of hemiparesis (raise arm or leg for ten seconds against gravity), level of 

consciousness,, aphasia and whether the patient was admitted to a hospital for the present stroke. 

Afterr 24 hours the following data were recorded: neurological status (improved, unchanged, or 

deterioratedd as judged by the treating physician), systolic and diastolic blood pressures. Ten 

dayss after inclusion: mortality, adverse events. 
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Att the end of follow up (three months): diagnosis (ischaemic stroke, haemorrhagic stroke, no 

radiologicall  investigation, other diagnosis), mortality, level of dependency (assessed with the 

modifiedd Rankin scale119), adverse events. 

InterobserverInterobserver variability on primary outcome assessment and external validity 

Too assess interobserver agreement on the modified Rankin scale at the end of follow-up, 116 

consecutivee patients were called (one day later) again by a second trial nurse. 

Sincee a very large group of general practitioners participated, it was impossible to perform 

on-sitee audits. However, we closely followed 117 randomly selected GPs during 6 months to 

assesss external validity. Each GP was contacted monthly to assess the number of encountered 

andd included stroke patients, and reasons for not including patients (exclusion criteria or other 

reasons). . 

GroupGroup size 

Wee planned to include 1500 patients, based on the following assumptions: 80% power, two-

tailedd significance level of 5%, reduction of poor outcome from 40% (placebo group) to 32% 

(treatmentt group), leading to 575 patients in each treatment arm. As prehospital trial inclusion 

byy GPs was likely to lead to inaccurate diagnosis and drug non-compliance, we substantially 

raisedd the estimated sample size with 30%. 

Afterr inclusion of 454 patients the trial was terminated early. In our Cochrane Collaboration 

revieww on calcium antagonists for ischaemic stroke the positive effects of early administered 

nimodipinee could not be confirmed123 which led to an interim analysis by an independent 

committee.. The data of the systematic review and this trial showed that the assumptions on 

whichh the sample size was calculated were unrealistic. Inclusion was stopped and results so far 

aree presented here. 

StatisticalStatistical analysis 

Analysiss was by intention to treat. The main analyses focused on comparisons of the primary 

endpointt (poor outcome) and secondary endpoints (neurological status and blood pressure 24 

hourss after inclusion, mortality after ten days and adverse events) between the trial medication 

groups.. Subgroup analyses addressed the effect of nimodipine on poor outcome in patients with 

definitee ischaemic strokes (CT scan exclusion of haemorrhage), haemorrhagic strokes (CT scan 

confirmationn of intracranial haemorrhage), patients in whom no CT scan was made, and per 

protocoll  analysis. Effect sizes were expressed in relative risk (RR) estimates, with 95% confidence 

intervalss (C.I.) with the exception of differences in blood pressures (unpaired t-test), neurological 

statuss and adverse events (chi-square tests). Interobserver agreement of the outcome assessment 

wass calculated with kappa statistics.124 
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Results s 
Att the time of the interim analysis (July 1998), 454 patients were randomised, 225 received 

nimodipine,, 229 placebo. Baseline characteristics of both groups are presented in Table I. There 

weree more patients with previous stroke, aphasia, and a diagnosis other than stroke in the placebo 

group.. Furthermore, it should be noted that the GP diagnosis stroke was correct in 98% of all 

patients. . 

Tablee I: Baseline characteristics of treatment groups VENUS trial 

Characteristics s Nimodipine,, n = 225 No. (%) Placebo,, n = 229 No. (%) 

SexSex Female 
AgeAge Median (years) 

Range e 
Comorbidity y 

Previouss stroke* 
Cardiacc disease* 
Other r 

Neurologicall examination 
Severee hemiparesis* 
Impairedd consciousness* 
Aphasia a 

Hospitall admission 
Typee of stroke 

Ischaemic c 
Haemorrhagic c 
Noo CT scan 
Noo stroke 

97 7 
70.5 5 
2 4--

7 7 
46 6 
105 5 

189 9 
1 1 
66 6 
117 7 

133 3 
20 0 
71 1 
1 1 

(44) ) 

91 1 

(3) ) 
(20) ) 
(47) ) 

(84) ) 
(0) ) 
(29) ) 
(52) ) 

(59) ) 
(9) ) 
(32) ) 
(0) ) 

85 5 
71.1 1 
311 -

17 7 
60 0 
108 8 

187 7 
3 3 
89 9 
119 9 

128 8 
15 5 
79 9 
7 7 

(36) ) 

93 3 

(7) ) 
(26) ) 
(47) ) 

(82) ) 
(1) (1) 
(39) ) 
(52) ) 

(56) ) 
(7) (7) 
(34) ) 
(3) (3) 

**  = previous stroke not resulting in serious handicap 
**  = any cardiac disease 
**  = inability to raise arm or leg for 10 seconds against gravity 
ss = patient does not obey orders or does not open eyes on painful stimuli 

MainMain analyses: primary and secondary outcomes 

Thee results of the outcome assessments are presented in Table II. After three months, 71 

patientss (32%) in the nimodipine treated group had a poor outcome, compared to 62 (27%) in 

thee placebo treated group. This yielded a RR of 1.2 (95% C.I. 0.9 to 1.6). In both treatment arms 

functionall  outcome could not be assessed in 3 patients. 

Twenty-fourr hours after randomisation no significant differences in neurological status or 

bloodd pressure readings were present between the two treatment groups. After ten days 14 patients 

(6%)) had died in the nimodipine group compared to 20 (9%) in the placebo group. This difference 

wass not statistically significant (RR 0.7, 95% C.I. 0.4 to 1.4). Adverse reactions were reported 

byy 31 patients. Trial medication was stopped in 15 patients (7 nimodipine, 8 placebo), treatment 

allocationn was never broken. 
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Tablee II . Results of outcome assessment 

Analysess Nimodipine Placebo Results 
nn = 225 n = 229 

Primaryy outcome 
PoorPoor outcome at 3 months 

Secondaryy outcomes 
NeurologicalNeurological status after 24 hours 

Improved d 
Unchanged d 
Deterioratedd or death 
Unknown n 

BloodpressureBloodpressure after 24 hours 
Meann systolic 
Meann Diastolic 

DeathDeath at 10 days 
AdverseAdverse events* 

Hypotension n 
Bradycardia a 
Headache e 
Frequentt micturation 
Nasall  bleeding 
Vomiting g 
Skinn rash 
Other r 

**  = Chi-square test 
++ = Unpaired t-test 
**  = Patients could report more adverse events 

SubgroupSubgroup analyses 

Inn patients with definite ischaemic stroke (n = 261) a borderline significant adverse effect of 

nimodipinee on poor outcome was present (RR = 1.4, 95% C.I. 1.0 to 2.1), whereas in patients 

withh intracranial haemorrhages (n = 35) and patients without radiological investigations (n= 

150)) no differences could be demonstrated. In the per protocol analysis (n = 345), RR for poor 

outcomee was 1.2 (95% C.I. 0.8 to 1.6). These data are presented in Table III . 

InterobserverInterobserver agreement on primary outcome assessments and external validity 

Interobserverr agreement was determined in 116 patients. The agreement was almost perfect 

(kk = 0.94). 

Thee 117 general practitioners which we closely monitored for assessment of external validity 

encounteredd 73 stroke patients, during a 6 month period. Six of these 73 (8 %) were entered into 

thee study. Of the remaining 67 patients, 44 were not included, because of exclusion criteria 

(paresiss not severe enough (16), existence of symptoms > 6 hours (14), and age > 85 (12), other 

(2)).. In 23 cases the general practitioner simply forgot VENUS or were uncertain. 

71(32%)) 62(27%) RR 1.2, 95% C.I. 0.9 to 1.6 

112 2 
68 8 
39 9 
6 6 

1533 mmHg 
844 mmHg 
144 (6%) 

5 5 
1 1 
2 2 
2 2 
1 1 
1 1 
2 2 
3 3 

125 5 
54 4 
46 6 
4 4 

1522 mmHg 
866 mmHg 
200 (9%) 

5 5 
2 2 
4 4 
0 0 
0 0 
2 2 
0 0 
4 4 

pp = 0.35* 

pp = 0.83f 

pp = 0.20f 

RRR 0.7, 95% C.I. 0.4 to 1.4 

pp = 0.49* 
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Tablee III . Subgroup analyses, numbers of patients with poor outcome in each group. 

Nimodipinee Placebo RR 95 % C.I. 

No.. (%) No. (%) 

Ischaemicc stroke n = 133 n = 128 
Poorr outcome at 3 months 44 (34) 30 (24) 1.4 1.0-2.1 

Haemorrhagicc stroke n = 20 n = 15 
Poorr outcome 3 months 11 (58) 9 (60) 1.0 0.6-1.7 

Noo CT scan n = 7I n = 79 
Poorr outcome 3 months 16 (23) 21 (27) 0.8 0.5-1.5 

Per-protocol**  n=179 n=168 
Poorr outcome 3 months 56 (31) 47 (28) 1.1 0.8-1.6 

**  107 patients were excluded from this analysis because of the following exclusion criteria: 8 other 
diagnosis,, 74 hemiparesis not severe enough, 8 age > 85 years, 10 swallowing disturbace, 7 other exclusion 
criteria. . 

Generall discussion 
Thee possibility that agents reducing influx of calcium ions through voltage sensitive calcium 

channelss may improve outcome after ischaemic stroke has led to clinical trials, in which at least 

76655 patients have been included.123 Although nimodipine has never been used on a large scale 

inn Western countries, reported beneficial effects led to the introduction of nimodipine in clinical 

practicee in some other countries. For instance, in China, 88% of physicians caring for stroke 

patientss reported the use of nimodipine occasionally or routinely.125 

VENUSS was started to test the hypothesis that early administration of nimodipine is effective 

ass suggested in a subgroup analysis of a previous meta-analysis.47 In this subgroup analysis data 

off  616 patients (from 6 hospital-based trials) treated within 12 hours after stroke onset, yielded 

aa statistically significant beneficial effect of nimodipine for neurological outcome (OR 0.62, 

95%% CI 0.44 to 0.87). "Similar findings" were reported for functional outcome. This positive 

resultt could not be reproduced in our systematic review in which (before adding the VENUS 

data)) data of 825 patients from 10 trials were included (OR 0.91, 95% CI 0.68 to 1.21). This 

yieldedd an interim analysis of VENUS results was performed by an independent interim 

committee.. This committee reported that based on data of our systematic review and the results 

off  VENUS thusfar, the assumptions on which the sample size was calculated were unrealistic 

andd advised to stop inclusion. The steering committee decided to terminate the trial, by that 

timee 454 patients were included. This small number of patients increases the risk of a Type II 

error.. However, the results of this trial are in concordance with the results from our Cochrane 

revieww in which a relative risk of poor outcome after early treatment with nimodipine of 1.0 was 

foundd (95% C.I. 0.9 to l . 2).123 

Thee VENUS trial did not show a beneficial effect of oral nimodipine, administered within 6 

32 2 



Veryy Early Nimodipine Use in Stroke (VENUS) 

hourss of stroke. In contrast to previous nimodipine trials, VENUS was performed in a primary 

caree setting. The safety profile of nimodipine allows treatment immediately after stroke onset, 

beforebefore hospital admission. An effective neuroprotective agent could hypothetically be beneficial 

forr patients with parenchymal cerebral haemorrhage, as the area surrounding the haemorrhage 

iss ischaemic because of increased pressure.126 However, trials with general practitioners have 

theirr limitations. The design has to be simple and straight forward and inclusion is performed by 

relativelyy inexperienced physicians. By excluding patients who were able to raise their arm or 

legg more than 10 seconds against gravity we tried to prevent inclusion of patients who had no 

stroke.. This may have led to a selection bias, including mainly severe stroke patients and excluding 

patientss with small lacunar (sensory stroke) or cerebellar infarctions. Most specific stroke scales 

cann not be assessed by untrained general practitioners, and were therefore not used in VENUS. 

Wee encouraged the participating general practitioners to refer included patients to a neurologist 

forr diagnostic investigations. A CT or MRI scan was made in only 68% of all included patients. 

Thee diagnosis of stroke was correct in 98% of patients in which diagnosis was established by 

CTT or MRI scan. Participating general practitioners included 8% of stroke patients for whom 

theyy were consulted. Most patients were excluded correctly, according to predefined exclusion 

criteria,, but in a considerable number of stroke patients (32%), the general practitioner forgot 

thee trial or was uncertain about the diagnosis. A comparable trial with pre-hospital thrombolysis 

off  patients with suspected acute myocardial infarction had a significantly higher inclusion rate 

(60%).1277 No other pre-hospital stroke trials exists with which to compare our data, but in the 

Americann Nimodipine trial (acute stroke trial in hospital setting) the inclusion rate was similar 

(7.9%).466 The relative inexperience of general practitioners and acute stroke trials may affect 

inclusionn rate negatively. Furthermore, even general practitioners will not see all stroke patients 

withinn 6 hours after onset of symptoms. Patients' delay definitely seems to play a role. 

Otherr promising neuroprotective agents have recently been reported to be ineffective in 

improvingg outcome after ischaemic stroke.647788 Despite the limitations caused by the trial design 

off  VENUS and the small number of patients, the results do not support the hypothesis of beneficial 

earlyy treatment with nimodipine. We conclude that the scientific data which are momentary 

available,, do not support routine administration of nimodipine or any other voltage sensitive 

calciumm channel antagonist in patients with ischaemic stroke. 
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