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Introductio n n 

Despitee major improvements in healthcare in general, and the recognition and treatment 

off  risk factors for cerebrovascular diseases in particular, stroke is still the third cause of mortality 

andd the main cause of severe handicap. Stroke can either be haemorrhagic or ischaemic, in this 

thesiss we concentrate on ischaemic stroke. Two therapeutic strategies for ischaemic stroke have 

beenn developed. In case of fast admission to a hospital and limited ischaemic deficits, thrombolysis 

iss an option. The second strategy aims at preservation of cells surrounding the core of the ischaemic 

area,, the ischaemic penumbra. Several drugs (neuroprotective agents) aiming at different steps in 

thee ischaemic cascade have been developed. In the first chapter of this thesis we give an overview 

off  the different neuroprotective agents with emphasis on their advantages and disadvantages. 

Basedd on the results of a systematic review, we started the VENUS trial to test the hypothesis 

thatt early treatment with the L-type voltage calcium channel blocker nimodipine improves outcome 

afterr ischaemic stroke. To start treatment as soon as possible after onset of symptoms, this trial 

wass conducted in a pre-hospital setting with general practitioners. Our experiences with this type 

off  trial are described in chapter 3. 

However,, as time elapsed, we found that the results from both our systematic review (chapter 4) 

andd the VENUS trial (chapter 2) did not support the hypothesis that early started treatment with 

nimodipinee has a beneficial effect. This led us back to the foundations of the clinical trials with 

nimodipine,, the animal experiments in focal cerebral ischaemia (chapter 6). 
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C h a p t e r r 

Disturbancess of Calcium Homeostasis in 
Ischaemicc Stroke: 

Therapeuticc Implications 

J.. Horn*, P.J.A.M. Brouwers*, M. Limburg** 
*Medischh Spectrum Twente, Dept. of Neurology, Enschede, The Netherlands 

***  Academic Medical Center, Dept. of Clinical Informatics, Amsterdam, 
Thee Netherlands 

Publishedd in CNS Drugs 1999; 11(5): 373 - 386. 
Thiss is an updated version from the published manuscript. 
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Inn Western societies, stroke represents the third largest cause of death and 

thee main cause of disability. With an expected increase of stroke incidence 

inn the near future, much research is being devoted to the development of 

ann effective treatment. Att present, however, no such treatment is available, 

althoughh thrombolysis may be beneficial in a small percentage of patients 

withh ischaemic stroke. 

Thee use of agents that protect neurones against the effects of ischaemia is 

appealing.. Some neuroprotective drugs are believed to exert their effects 

byy influencing calcium homeostasis in potentially viable brain cells in the 

ischaemicc penumbra, the area surrounding the core of the infarct. A massive 

calciumm ion (Ca**) influx into these cells plays an important role in the 

finalfinal common pathway of cell death. Cancan enter cell by voltage-sensitive 

calciumm channels or by agonist-operated calcium channels. Calcium 

antagonistss acting on several subtypes of these channels are capable of 

decreasingg Ca" influx into ischaemic brain cells. 

Inn animal studies, many calcium antagonists reduce infarct size or increase 

cerebrall  blood flow. However, clinical trials have been disappointing and 

att present an effective neuroprotective agent has not been identified. 

Recently,, concerns have arisen about the adverse effects of calcium 

antagonistss acting on voltage-sensitive calcium channels. 
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Disturbancess of Calcium Homeostasis in Ischaemic Stroke 

Introductio n n 
Inn the few years, major efforts have been devoted to the development of effective treatments for 

patientss with ischaemic stroke. An effective treatment would be welcomed, since the incidence of 

strokee is high and over 50% of patients die or become seriously disabled.' Strokes represent a 

heavyy burden for patient, their family, the healthcare system, and the economy. About 4% of all 

healthcaree costs are stroke-related.2 The incidence of stroke is expected to rise, as the number of 

olderr persons, and the average life span in industrialised countries increases ('the aging society'). 

Althoughh irreversible damage to the brain occurs rapidly after arterial occlusion, in the 

immediatee vicinity of the infarction core non-functioning brain tissue may survive for several 

hours.. This region is called the ischaemic penumbra.3 In general there are two therapeutic 

strategiess to minimise damage to the ischaemic penumbra: thrombolysis, to re-open an occluded 

artery,, and neuroprotection, to protect brain tissue against the late effects of ischaemia. 

Thrombolysiss with recombinant tissue plasminogen activator is a potentially effective treatment. 

However,, it can be applied only to a small number of ischaemic stroke patients, in view of 

contra-indicationss and the necessity to start treatment within 3 hours after stroke onset. In this 

samee period, brain imaging has to be performed to exclude cerebral haemorrhage or large 

infarction.. Furthermore, treatment may be followed by serious haemorrhagic complications, 

includingg intracranial haemorrhage.4"6 Other treatment options include the use of aspirin, reducing 

earlyy and late recurrences, and possibly anticoagulation, although anticoagulant therapy with 

unfractionatedd or with low molecular-weight heparin has not demonstrated unequivocal efficacy.78 

Neuroprotection,, aimed at preservation of potentially viable cells in the ischaemic penumbra, 

mayy represent a more useful option. In animal experiments efficacy has been demonstrated for 

manyy neuroprotective drugs. Most agents could in principle be administered safely to patients 

withh intracranial haemorrhage. Such a safety profile would allow pre-hospital treatment of stroke 

patients,, leading to a substantial increase of the number of stroke patients that can be treated early. 

Thiss review concentrates on the therapeutic implications of clinical data from trials in stroke 

off  agents influencing calcium metabolism. In fact, all neuroprotective agents can be considered 

too exert calcium antagonism, since calcium influx is the final common pathway in cell death. 

However,, we do not discuss all potentially neuroprotective interventions, but focus on agents 

specificallyy interfering with calcium influx across the cell membrane. We briefly describe calcium 

metabolismm in normal circumstances and in ischaemia. Different methods, advantages, and 

problemss in animal models are discussed. The results of clinical trials of these agents are reviewed. 

Finally,, recently reported adverse effects of calcium antagonists acting on voltage sensitive 

calciumm channels are addressed. 

11 1 



Chapterr 1 

Calciumm homeostasis in neurones 
Figuree 1 summarises calcium metabolism in a brain cell both normally and during ischaemia. 

Fig.. 1. Calcium metabolism in a brain cell. 
Straightt arrows = situation under normal 
circumstances;; curved arrows = situation in 
ischaemia;; AOCC = agonist-operated calcium 
channel;; ATP = adenosine trisphosphate; Ca++ 

== calcium ion; ER = endoplasmatic reticulum; 
GLL = vesicle with glutamate; H+ = hydrogen 
ion;; K+ = potassium ion; Na+ = sodium ion; 
VSCCC = voltage-sensitive calcium channel. 

UnderUnder normal conditions 

Calciumm ions (Ca++) function as membrane stabilisers, metabolic regulators, and second 

messengers.. They can activate intracellular cell degradative enzymes such as lipases, proteases, 

andd endonucleases.9 Under normal conditions, the extracellular Ca++concentration is 10.000 

timess higher than the intracellular Ca++concentration. This large concentration gradient is 

maintainedd by active, energy-requiring mechanisms.3 Regulation takes place by precise control 

off  membrane permeability for Ca++and by extrusion of Ca++from the cell by exchange (Ca++-

ATPasee and 3Na+/ Ca^exchange). Some intracellular Ca++is bound to calmodulin or other specific 

bindingg proteins, capable of binding H+ or Ca++.m Most intracellular Ca++ is sequestered in 

mitochondriaa or endoplasmatic reticulum.11 Ca++can enter the cell via Voltage Sensitive Calcium 

Channelss (VSCCs) or Agonist Operated Calcium Channels (AOCCs). L ('long lasting' or 'slow'), 

TT ('transient'), and N ('neither' Lor T) type VSCCs have been identified.12 They are activated (= 

openedd for Ca++) by membrane depolarisation. The main source of intracellular increase in Ca++ 

concentrationn is the AOCCs, which are activated by excitatory amino acids, such as glutamate 

andd aspartate.3 Five types of AOCCs have been identified, named after the agonist that most 

effectivelyy activates the receptor: high- and low affinity kainate, amino-3-hydroxy-5-methyl-4-

isoazolee propionic acid (AMPA), N-methyl-D-aspartate (NMDA), and quisqualate. Glutamate 

cann activate AMPA and NMDA channels, leading to Na+ entering the cells through AMPA 

channels.. This sets off membrane depolarisation. During depolarisation, magnesium ions (Mg++) 

whichh normally block the NMDA channel, are removed, allowing Ca++to enter. In the activation 

off  NMDA channels two other binding sites seem to play an important role: the polyamine site 
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andd the glycine site. Activation of these sites is required for glutamate to open the NMDA 

channel.. VSCCs also open during depolarisation and the influx of Ca++ rises further. Thus, 

depolarisationn results in a temporary rise in intracellular Ca++concentration. By re-uptake of the 

excitatoryy neurotransmitter, post-synaptic stimulation is terminated and depolarisation of the 

celll  membrane is stopped.13 Potassium and chloride ion gradients are restored by extrusion of 

Câ ^ and Na+. These processes require energy, i.e. ATP. 

InIn ischaemic neurons 

Whenn cerebral blood flow (CBF) drops to 50% of normal values, electrophysiological activity 

disappears,, thereby saving energy. '4 In this way membrane ion gradients can be preserved and 

cellss remain viable for at least several hours. A further decrease of CBF to <15 ml/100g per 

minutee (< 30% of normal), seriously affects the ability of the cell to maintain integrity. Depending 

onn the duration and intensity of ischaemia, irreversible cell damage wil l ensue. Aerobic 

metabolismm in the mitochondria is reduced and replaced by anaerobic processes, resulting in 

lactatee production, and consequently intracellular acidosis.3 Binding of H+ to intracellular proteins 

inn exchange for Ca++ is the first buffering capacity.1" Because of energy shortage the ATP 

dependentt Na7K+ pump fails, and K+ leaks out of the cell. This sets off membrane depolarisation, 

glutamatee release, opening of the AOCCs and VSCCs, resulting in an increase of Ca++ 

concentration.. During prolonged ischaemia intracellular Ca++ concentration increases through 

severall  mechanisms: 1) membrane permeability for Ca++ rises; 2) the ATP dependent pump 

systemss fail to extrude Ca++ from the cell; and 3) repeated anoxic membrane depolarisation 

increasess intracellular Ca++.3 Mitochondria store Ca++, until they become overloaded, which 

causess them to swell. Permeability of the mitochondrial membrane subsequently increases, and 

variouss compounds, among which Ca++ and Mg++, are released from the mitochondrion. As a 

result,, production of ATP stops completely, and excessive amounts of oxygen radicals, such as 

02,, H202 and OH, are formed.15 This cascade of deleterious events finally leads to cell death.13 

InIn the core of the ischaemic zone these processes occur very rapidly, leading to cell death 

withinn minutes. Surrounding this core, oxygen and glucose supply is partially preserved through 

collaterall  vessels and diffusion. This so-called ischaemic penumbra is a region in which ischaemia 

iss less dense and which contains electrically inexcitable, but essentially viable, cells for probably 

manyy hours after stroke onset.14 For the human brain, the exact interval for which the ischaemic 

penumbraa remains viable is unknown. PET scanning techniques have visualised viable tissue 

(inn which the cerebral metabolic rate of oxygen is > 1.40 ml of oxygen/100 g per minute) for up 

too 17 hours after stroke onset.16 The concept of a viable ischaemic penumbra opens up possibilities 

forr therapeutic intervention in stroke, and has led to widespread efforts to develop agents that 

couldd reduce infarct size through blockage of pathological Ca1-" influx. 
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Chapterr 1 

Animall  models 
AA complete review of all available data from animal experiments is outside our scope, as this 

revieww focuses on clinical aspects of calcium antagonists. We discuss the most relevant techniques 

usedd in animal models, and some contradictory results. 

Twoo major animal models of stroke have been used: 1) global ischaemia, comparable to a 

situationn of lowered cardiac output in humans (e.g. cardiac arrest); and 2) focal ischaemia, 

similarr to the occlusion of a cerebral artery. Transient global ischaemia is achieved by inducing 

aa short period of cardiac arrest, or by temporary bilateral occlusion of the carotid arteries (the 

speciess used in this model have an incomplete circle of Willis, thus causing global forebrain 

ischaemia),, sometimes combined with systemic hypotension. Focal ischaemia is induced by 

'open'' or 'closed' occlusion of a middle cerebral artery (MCA). 'Open' refers to occlusion of the 

MCAA by applying a clip or ligature during surgery or by inducing ischaemia by means of 

photochemicall  injury to cortical vessels.1718 In 'closed' procedures brain infarctions are induced 

byy placing a filament into the lumen of the MCA.19 The results of various animal studies are 

difficul tt to compare as experimental conditions, for example method of anaesthesia, temperature 

duringg ischaemia, species, mode of inducing ischaemia, route of drug administration, duration 

off  ischaemia and reperfusion, and method of measuring the result (histopathological or 

'functional'' assessment) vary widely. Also, infarct size is highly variable in the same species, 

evenn when using similar techniques. 

Too exemplify the animal studies, we will briefly discuss the results with nimodipine. This 

1,4-dihydropyridinee supposedly has neuroprotective properties by decreasing Ca++ influx through 

L-typee VSCCs. Nimodipine was one of the first agents investigated for this indication, and the 

resultss of the first animal studies were reported in 1982. 

Inn the global ischaemia model, nimodipine was tested in different species when administered 

bothh before and after induction of ischaemia. The duration of ischaemia was variable. An increase 

inn CBF was reported, not always leading to improvement of neurological status.20"25 More studies 

havee been performed using the focal ischaemia model, mainly in rats.26-39 Medication was 

administeredd before or after occlusion of the MCA, and different outcome measurements were 

used.. The first 3 studies did not show any change in infarct size and reported different effects of 

nimodipinee on CBF.2628 Sauter and Rudin30 were the first to report on neurological outcome, 

whichh was blindly assessed by a simple neurological score judging posture, movement, and 

paralysiss of the hind paws. If treatment was started before occlusion, improvement was found; 

treatmentt after ischaemia did not show any effect. Some later studies reported positive effects of 

nimodipine,299 36;38;39 others were negative.26"2837 Based on the available positive results, studies 

withh nimodipine were initiated in humans. 
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Afterr nimodipine many other agents were tested in animal models, and new studies continue 

too be published.40 An overview of available animal studies appeared recently.12 Not all substances 

withh encouraging results in animal studies have been tested in properly conducted randomised 

controlledd clinical trials. 

Thee danger of extrapolating the positive results of animal studies to the human situation, was 

recentlyy pointed out by Grotta.41 In animals, experimental conditions such as brain temperature 

andd blood glucose levels, which seem to have an effect on outcome in humans after ischaemic 

stroke,, can be controlled more strictly. Compared with the adolescent animals used in most 

experiments,, humans with ischaemic strokes are relatively older. Finally, in animal studies treatment 

wil ll  start immediately or within several minutes after induction of brain ischaemia. Sometimes the 

drugg was administered even before onset of ischaemia. In clinical treatment of stroke therapy, it 

wil ll  always take considerably more time before neuroprotective drugs can be administered. 

Clinicall  trial s with calcium antagonists in ischaemic stroke. 
AgentsAgents acting on Voltage Sensitive Calcium Channel 

Nimodipine Nimodipine 

Thee first clinical results of nimodipine in patients with stroke were reported in 1984.42 In a 

singlee blind study, 29 patients were treated with oral nimodipine 40mg 3 times daily for 28 days. 

Outcomee was measured with the Mathew impairment scale. Patients in the control group (31), 

receivedd the 'standard regimen' (10% depolymerized dextran for 12 hours per day during a 

periodd of 15 days). The method of randomisation was not described and no placebo medication 

wass used. Neither was it described who was blinded to treatment arm: the physician who assessed 

clinicall  outcome or the patient. In the treatment group, 15 patients had a good outcome, 10 fair, 

22 poor, and 2 died. In the control group, 10 patients were graded as having a good outcome, 7 as 

fair,, 8 as poor, and 5 died (1 patient was not accounted for in the article). These results prompted 

aa randomised controlled clinical trial with oral nimodipine, 30mg 4 times daily, which was 

publishedd in 1988.43 A total of 186 patients was included (93 in each group) and treatment was 

startedd within 24 hours of stroke onset. Of the 93 patients treated with nimodipine, 16 died 

duringg the 6-month follow-up, compared with 27 in the placebo group. Most deaths were the 

resultt of pulmonary complications. Neurological deficit (assessed with the Mathew scale) 

significantlyy improved in the nimodipine group, compared with placebo. The subgroup of patients 

withh a moderately severe stroke seemed to benefit most from therapy. However, the analysis 

wass not a direct comparison of the clinical status of the patients, but included indirect 

transformationss of the Mathew scale results. This 'positive' study sparked a number of subsequent 

trialss with nimodipine in stroke patients. We summarise results of available published data in 
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Chapterr 1 

Tablee I: Published trials with Nimodipine. 

Authorr  / Study Name No.. in treatment / 
controll  group 

Route,, dosage and duration Follow-upp (weeks) 

Gelmerss 198442 

Shermann 1986"» 

Gelmerss 198841 

Pacii  1989107 

Bogousslavskyy 1990"* 

Heisss 1990"" 

INWESTT 199044 

Martinez-Vilaa 199011" 

TRUSTT 19904S 

Bndgerss 1991'" 

Mohrr 19924* 

CANWINN I993112 

NESTT 19931" 

German-- Austrian 1994"4 

Kastee 1994n, 

Wimalaratnaa 199411* 

29/31 1 

111 / 11 

933 / 93 

19/22 2 

30 /30 0 

14// 13 

195// 100 

811 /83 

6077 / 608 

138/66 6 

8000 / 264 

966 / 93 

4377 / 443 

2399 / 243 

176// 174 

146/69 9 

oral,, 30 mg q.i.d., 28 days 

orall  30 mg q.i.d,, 21 days. 

300 mg q.i.d., 28 days 

400 mg t.i.d., 28 days 

300 mg q.i.d., 14 days 

i.v.,, Img/hr 2 hrs, 2mg/hr 5 days, 
orall  30 mg q.i.d. 16 days. 

i.v.,, 1 mg, or 2 mg/hr 5 days, 
orall  120 mg/day 16 days 

300 mg q.i.d., 28 days 

400 mg t.i.d., 21 days 

i.v,, 1 mg or 2 mg/hr 5 days, 
orall  120 mg/day 17 days. 

oral,oral, 20 mg or 40 mg or 80 mg 
t.i.d.,, 14 days 

i.v.,, 2mg/hr 10 days, oral 
180mg/dayy 6 months. 

300 mg q.i.d., 21 days 

300 mg q.i.d, 21 days 

300 mg q.i.d., 21 days. 

1200 mg or 240 mg/day, 16 weeks 

4 4 

8 8 

26 6 

4 4 

16 6 

26 6 

24 4 

4 4 

24 4 

3 3 

3 3 

52 2 

12 2 

26 6 

52 2 

24 4 

Tablee I. None of the published studies reproduced the results from the initial trial. The INWEST 

trial,, in which nimodipine was administered intravenously, was terminated early, because of an 

unfavourablee outcome in the 2 treatment groups compared with placebo.44 Nimodipine was 

administeredd intravenously at 2 different dosages (1 or 2mg/hour) for the first 5 days, followed 

byy oral treatment with 30mg 4 times daily for 16 days. In total, 295 patients were randomised: 

1000 received placebo, 101 received nimodipine 1 mg/hour, and 94 received nimodipine 2 mg/ 

hour.. Although there were no statistically significant differences in mortality between the groups 

(333 deaths (33%) in the placebo group, 41 (40.6%) in the lmg group, and 42 (44.7%) in the 2mg 

group)) functional outcome, assessed with the Barthel ADL Index, was significantly worse in the 
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2mgg group compared with both the lmg group and the placebo group. Functional outcome in 

thee lmg group was also significantly worse compared with placebo recipients. Thus, this 

unfavourablee result seemed to be dosage-dependent and was correlated with a reduction of 

meann blood pressure in both active treatment groups (see below). Two further trials with oral 

nimodipinee 40mg 3 times daily in ischaemic stroke, each including over 1000 patients,4546 did 

nott show any significant effect of active treatment. Both trials included patients up to 48 hours 

afterr stroke onset. In the American Nimodipine Study Group trial,46 a subgroup analysis of 

patientss receiving trial medication within 18 hours after stroke onset, suggested a beneficial 

effectt of treatment with nimodipine. The investigators stated that time between stroke onset and 

startt of treatment might be a crucial factor. In 1994, 2 meta-analyses of all available trials with 

nimodipinee in acute ischaemic stroke were published.4748The study of Mohr et al, comprised 9 

trialss including 4324 patients, was restricted to oral medication at a dosage of 120 mg/day and 

allowedd patient inclusion up to 48 hours after stroke onset. Neurological impairment and 

functionall  status were used as outcomes. A time-dependent effect was reported. For treatment 

startedd within 12 hours after stroke onset, a favourable effect of nimodipine was suggested for 

neurologicall  impairment (odds ratio 0.62%, 95% C.I. 0.44-0.87) and functional outcome (not 

quantified).. Patients randomised to nimodipine between 12 and 24 hours after stroke onset had 

noo improved outcome compared with placebo. Treatment started more than 24 hours after stroke 

onsett was associated with deterioration (Figure 2). The meta-analysis by Di Mascio et al 

demonstratedd that nimodipine was effective in patients with subarachnoid haemorrhage but not in 

thosee with stroke. However, no analysis on time between stroke and start of treatment was performed. 

Basedd on the positive results reported by Mohr, the placebo-controlled VENUS trial was 

startedd in the Netherlands. In this trial stroke patients are randomised by family physicians to 

receivee nimodipine (30mg 4 times daily within 6 hours after stroke onset) or placebo.49 The 

Patien tt  grou p Number of patient s 
Nimodipinee Placebo 

1822 2 

962 2 

838 8 
630 0 
1189 9 
691 1 

788 8 
298 8 

710 0 

585 5 
1234 4 
287 7 

46ii  Fig. 2. Results of a meta-analysis of functional 
8411 outcomes of treatment with oral nimodipine in 

ischaemicc stroke (reproduced from Mohr et al., 
withh permission). 'Start'is delay to start of 
treatmentt after stroke. BP = blood pressure. 

All l 
Male e 
Female e 
Agee (y) < 65 
Agee (y) > 65 
Heartt disease 
Hypertension n 
Diabetess mellitus 
BP>> 160/95 mmHg 
Mildd deficit 
Moderate/severee deficit 
Startss 12h i— 
Startt 13-24h 
Startt > 24h 

^^  1 
H — I I 

1810 0 
954 4 
854 4 
605 5 

1202 2 
681 1 
763 3 
299 9 
717 7 
542 2 

1267 7 
330 0 
450 0 
803 3 

0.5 5 1.5 5 

Nimodipinee better Nimodipine worse 
Oddss ratio s with 95% confidenc e interval s 
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Chapterr 1 

resultss of this trial indicated that early treatment with nimodipine was not effective in patients 

withh stroke. 

Flunarizine Flunarizine 

AA beneficial effect of flunarizine was suggested by a small pilot study in 26 patients. Treatment 

wass begun within 24 hours of stroke onset, with intravenous flunarizine for 24 hours, followed 

byy 11 days of oral flunarizine.50 At 6 months after stroke onset, outcome was assessed with the 

Barthell  ADL Index and the Rankin scale. A favourable outcome on the Rankin scale was 32% 

moree likely to occur in the flunarizine group (not statistically significant), compared with placebo. 

Twoo larger trials with flunarizine followed (FIST, with 331 patients treated within 24 hours,51 

andd the German flunarizine trial of 433 patients treated within 36 hours52). The FIST trial was 

terminatedd prematurely because no effect was found during interim analyses and it was 'regarded 

highlyy unlikely that a beneficial effect would appear if more patients were included'. Subgroup 

analysiss on patients treated within 6 hours after stroke onset suggested a decreased risk for 

deathh or disability in flunarizine-treated patients (RR 0.77, 95% C.I. 0.55-0.88). The results of 

thee German flunarizine trial were reported somewhat enigmatically. In 1 of the 5 participating 

centress an inhomogeneity between groups was found with regard to sensorimotor functions 

subscore,, and these data were deleted. In the final publication no significant effect of treatment 

withh flunarizine was reported. 

NicardipineNicardipine and others 

AA controlled double-blind trial of oral nicardipine in patients with focal cerebral ischaemia 

wass conducted in Spain. Patients were randomised to receive nicardipine 60 mg/day (n = 27) or 

placeboo (n = 24) for a maximum of 30 days. Outcome was assessed using a 3-level scale 

('unfavourable',, 'unchanged' or 'favourable') and a functional score. No significant beneficial 

effectss were associated with nicardipine treatment.53 Another trial with nicardipine and a trial 

withh isradipine remained unpublished so far (personal information Orgogozo, France).54 

AgentsAgents acting on Agonist Operated Calcium Channels 

NMDANMDA antagonists, noncompetitive and competitive. 

Agentss acting postsynaptically on NMDA channels have been investigated thoroughly. Two 

typess can be distinguished: noncompetitive and competitive NMDA antagonists. Noncompetitive 

NMDAA antagonists need an already open NMDA channel, without the Mg++ blockage, to 

effectivelyy prevent Ca++ influx. This situation exists in regions with a high glutamate concentration 

(i.e.. ischaemia), and therefore noncompetitive NMDA antagonists are thought to accumulate in 

thesee areas. High-affinity noncompetitive NMDA antagonists bind strongly to the open channels 
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andd dissociate slowly. This mechanism increases the number of blocked NMDA channels for 

prolongedd periods, which may increase the intensity of adverse effects often seen with these 

agents.. Binding of low-affinity noncompetitive NMDA antagonists is less strong, thereby 

minimisingg their effect on physiological glutamate transmissions. 

Thee development of several drugs that were proven effective in animal studies was stopped 

becausee of serious adverse effects. For example, dizocilpine (MK-801), a very effective high-

affinityy noncompetitive NMDA antagonist, was never tested in clinical setting, probably because 

off  concerns about vacuolation in neurones in animal models.55 

Dextrorphann was studied in a placebo controlled, multicentre ascending dose phase II trial.56 

Strokee patients were treated within 48 hours after stroke onset and received 475 to 1280mg in 12 

hourss or 945 to 2140mg in 24 hours. CNS adverse effects (nystagmus, somnolence, agitation, 

hallucinations,, confusion, and nausea or vomiting) were seen in many patients. Transient, but 

significantt and clinically concerning, hypotension was seen in many patients. Dextrorphan, the 

parentt compound of which, dextromethorphan, is widely used at lower dosages as an anti-tussive, 

wass not developed further for stroke treatment. 

Aptiganell  (CNS 1102 or Cerestat) was tested in healthy volunteers and in stroke patients.57"59 

Dose-dependentt adverse events (hypertension and profound sedation) were reported in stroke 

patientss in dosages3 45pg/kg. A randomised placebo-controlled phase III trial of aptiganel was 

initiated.6411 The aim was to include 900 patients in the 2 treatment arms (3mg bolus injection 

followedd by 6mg over 12 hours, or 5mg bolus followed by 9mg over 12 hours starting within six 

hourss after stroke onset). Outcome was to be measured by the modified Rankin scale at 3 months 

afterr stroke. The trial has been stopped, the results remain unpublished. 

Remacemidee hydrochloride, originally developed as an anticonvulsant was tested in a placebo-

controlledd phase II trial.61 Stroke patients received up to 600mg twice daily (initially intravenously, 

orall  continuation) for 6 days. The most common treatment attributed adverse events were CNS 

orr psychiatric effects of treatment. These were observed in the two highest dose groups (500mg 

andd 600mg), presumably due to accumulation. A dose higher than 200mg twice daily yielded 

"neuroprotective""  plasma concentrations. 

Selfotel,, a competitive NMDA antagonist, had been tested in phase II and phase III trials. In a 

phasee II trial (44 treatment groups (n = 6) and one small (n = 2) placebo group), stroke patients were 

treatedd within 12 hours.62 Dose related adverse CNS events (hallucinations, agitation, and confusion) 

weree common. Some patients needed supportive treatment. Based on these results 1.5mg/kg was 

concludedd to be well tolerated. The phase in trial was terminated early because mortality from 

brainn related events was 13% in the treatment group, compared with 5% in the placebo group.6364 

Noo effect of Selfotel was found in the primary outcome analyses. Statistically higher proportions 

off  patients in the Selfotel group suffered from agitation, hallucinations or confusion. 
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Mg+++ act as endogenous noncompetitive NMDA channel blocker and has neuroprotective 

capacities,, demonstrated in animal mode!s.65;66 Results from a randomised double-blind placebo 

controlledd pilot trial of intravenously administered magnesium sulfate were reported by Muir and 

Lees.67(Syy Stroke patients were treated within 12 hours after stroke onset. No serious adverse CNS 

eventss were found, nor were any cardiovascular effects observed. Outcome, as measured with the 

Barthell  ADL Index, was not significantly different between the treatment groups. A larger 

randomisedd double-blind placebo-controlled trial of magnesium in stroke (IMAGES) is ongoing. 

Glycine-Glycine- and Polyamine site antagonists 

Agentss directed at the glycine and polyamine sites have been successfully tested in animal 

models.70"73 3 

Eliprodil,, a polyamine site antagonist, has been studied in healthy volunteers.74 Adverse events 

reportedd included a dose dependent prolongation of QT interval, vertigo, and drowsiness. Phase 

II II  trials with eliprodil have been conducted but were terminated early because no beneficial 

effectt was found. Results have not yet been published in full. 

Thee glycine site antagonist gavestinel (GV1500526) has been studied in phase II trials.7*76 

Patientss were treated within 12 hours after stroke onset, serious adverse events were not reported. 

Twoo large double-blind placebo-controlled trials of gavestinel were started. The results of GAIN 

internationall  were recently reported,77 treatment within 6 hours after stroke onset did not improve 

outcomee after stroke. The results of GAIN Americas are expected to be published soon. 

Licostinell  or ACEA 1021, another glycine site antagonist has recently been tested in a phase 

III  trial.7X In high dosage groups moderate adverse events (neurological and gastrointestinal 

complaints)) were reported. 

AMPAAMPA channel antagonists 

Blockadee of AMPA channels can prevent opening of NMDA channels. Some AMPA channel 

antagonistss have been tested in animals.79"* 1. Positive results with YM-900 (YM90k) in healthy 

volunteerss have been published.82 A phase II study with YM872 is ongoing in patients with 

acutee ischaemic stroke/3 

Presynaptic,Presynaptic, glutamate release inhibitors. 

Inn animal studies, lubeluzole was reported to prevent the increase of extracellular glutamate 

inn peri-infarct regions and diminish infarct size.84;85 In a placebo -controlled phase II trial, stroke 

patientss were treated within 6 hours after stroke onset.86 Treatment consisted of an intravenous 

loadingg dose of lubeluzole 7.5mg followed by five days of 10 mg/day, or a loading dose of 15mg 

followedd by 20 mg/day. Mortality was higher in the 20mg group, but this could be explained by 
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skewedd randomisation with an excess of patients with initially severe neurological deficits. The 

lOmgg group showed a decrease in mortality and the drug was well tolerated. Two phase III trials 

followed.87888 Mortality was the primary end point, and secondary end points were survival time, 

neurologicall  recovery, functional status (Barthel ADL Index) and level of disability (modified 

Rankinn Scale) after 12 weeks. In the American trial87 a nonsignificant beneficial effect for 

mortalityy was found, together with a statistically significant improvement in neurological 

recovery.. The combined end-point of death and moderate or severe disability did not show a 

statisticallyy significant effect.89 In the European trial88 no significant difference for any parameter 

wass found. All further development of lubeluzole has been discontinued. 

Sipatriginee (619C89) has been studied in healthy volunteers and in acute stroke patients 

treatedd within 12 hours after stroke onset.90**  Patients receiving the high-dosage regimen reported 

hallucinations,, but other serious adverse events were not reported. Further studies are ongoing. 

Adversee effects of calcium antagonists 
Ass yet, a convincing benefit of calcium antagonists in the treatment of acute ischaemic stroke 

hass not been reported and there have been suggestions of deleterious effects. 

Thee only randomised clinical stroke trial with a calcium antagonist acting on VSCCs in 

strokee that has been terminated early because of an unfavourable outcome in the treatment 

groupp was the INWEST study.44 As would be expected with a calcium antagonist, intravenous 

treatmentt with nimodipine was associated with profound decreases in blood pressure. On the 

secondd day of treatment, systolic blood pressures were on average 8.3, 14.7, and 23.0 mmHg 

lowerr in the placebo group, the lmg/hr group and the 2mg/hr group, respectively, compared 

withh blood pressure at randomisation. Diastolic blood pressure decreased on average by 5.9, 

8.8,, and 15.4 mmHg, respectively. This decrease was statistically significant and concurred 

withh poorer functional outcome. During oral treatment no significant blood pressure changes 

weree found. These results from INWEST suggest a strong relationship between hypotension 

andd poor outcome. 

Short-actingg calcium antagonists may increase mortality after myocardial infarction.95 % The 

Multicenterr Isradipine Diuretis Atherosclerosis Study (MIDAS) in hypertensive patients reported 

aa statistically non-significant increase in major vascular events (stroke, myocardial infarction, 

suddenn death, congestive heart failure, angina pectoris and other major vascular disease or death) 

inn patients treated with isradipine.97 

Calciumm antagonists may have an inhibiting effect on platelet aggregation, that might increase 

thee risk of haemorrhage.98 In animal studies an increased bleeding time after use of calcium 
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antagonistss was observed." A significant increase in gastrointestinal haemorrhages in 

hypertensivee patients treated with calcium antagonists compared to beta-blockers or diuretics 

wass reported.1"0 Legault et al. reported the early termination of a trial in patients receiving 

nimodipinee for protection against cerebral ischaemic complications after cardiac valve 

replacement.1011 Nimodipine did not protect against neurological deficits, but major bleedings 

weree reported in 10 nimodipine-treated patients, compared with 3 in the placebo group. These 

resultss have been challenged.102 on the grounds that significant differences existed between the 

twoo treatment groups with regard to history of pulmonary disease and congestive heart failure, 

influencingg outcome unfavourably in the nimodipine-treated group. The use and interpretation 

off  estimated hazard ratios, and the lack of presentation of confidence intervals were criticised. 

Earlyy termination of the trial may have caused bias. Data from other groups of patients treated 

withh nimodipine shortly before surgery, e.g. patients with a subarachnoid haemorrhage and/or 

trauma,, do not suggest a haemorrhagic effect of nimodipine.102 

AA variety of adverse effects have been reported with agents acting on AOCCs (see the discussion 

off  individual drugs). In general, hypotension does not seem to be a problem, and most adverse 

effectss concern the CNS. It is too early to conclude whether or not the use of these drugs will be 

limitedd by their adverse effects. 

Conclusions s 
Thee hypothesis of an ischaemic penumbra and the elucidation of the molecular mechanisms 

underlyingg cell death, including the central role played by calcium in this process, led to many 

preclinicall  and clinical studies with drugs potentially capable of saving brain cells. Animal 

studiess demonstrated that drugs blocking VSCCs or AOCCs could decrease infarct size after 

globall  or focal cerebral ischaemia. Randomised clinical trials followed, but no clear beneficial 

effectt of any calcium antagonist was found. The reasons why positive animal studies may not 

leadd to successful clinical trials have been outlined, but generally relate to more controlled 

environmentt in which the laboratory studies are performed. 

Nimodipinee is the most widely evaluated VSCC antagonist, but only the first clinical trial 

wass positive. In subarachnoid haemorrhage, nimodipine has become standard therapy, following 

publicationn of the British Aneurysm Nimodipine Trial.110 In this placebo controlled trial 

nimodipinee significantly reduced the number of cerebral infarcts after subarachnoid haemorrhage 

(34%).. Patients receiving nimodipine also had a significantly better functional outcome. In 

subarachnoidd haemorrhage, treatment starts immediately after the haemorrhage, usually before 

ischaemiaa occurs. This may offer an explanation for the effectiveness of nimodipine in this 

indication.. Nimodipine has also been suggested to offer protection after severe head trauma. It 
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iss possible that in these circumstances delayed cerebral ischaemia also plays a role.104 

Inn some stroke trials with VSCC antagonists, subgroup analyses have suggested non-significant 

effectt of drugs in patients with moderately severe strokes or for patients treated early after 

strokee onset.4346 This was also reported in a meta-analysis of nimodipine.47 However, prospective 

studiess in which treatment is started early (within 12 hours) have yet to confirm this beneficial 

effect.. An extensive structured review on 'calcium antagonists for ischaemic stroke' for the 

Cochranee Collaboration is in preparation.105 This study will include VSCC antagonists than 

nimodipine,, and one of the main hypotheses to be tested is the supposedly beneficial effect of a 

shortt time interval between stroke onset and treatment. In some recent clinical trials with AOCC 

antagonists,, treatment was started within 6 hours after stroke onset.88 Despite this short interval, 

noo effective compound has been identified, although several trials have not yet been reported or 

aree still ongoing. 

Neww agents influencing calcium homeostasis in the brain are under development, and further 

clinicall  trials will extend our knowledge of their effects. A safe and effective neuroprotective 

agentt that could be administered in a prehospital setting, would save lives and prevent many 

yearss of disability. 

23 3 





C h a p t e r r 2 2 

Veryy Early Nimodipine Use in Stroke (VENUS); 
aa randomised, double-blind, placebo-controlled trial. 

J.. Horn*, R. J. de Haan**, M. Vermeulen*, M. Limburg*'** * 
*Deptt of Neurology, **  Dept of Clinical Epidemiology and Biostatistics, ***Dept of 

Medicall  Informatics, Academic Medical Center, University of Amsterdam. 

Strokee 2001; 32: 461-465 



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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Introductio n 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. 

27 7 



Chapterr 2 

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 
Comorbidit y 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 

Primar yy 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 
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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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Abstract t 

Background. . 

Methods. . 

Results. . 

Conclusion. . 

Wee conducted an acute stroke trial with a neuroprotective agent in a pre-

hospitall  setting. In this manuscript we report on the problems we 

encountered. . 

Inn this randomised, double-blind, placebo-controlled trial, stroke patients 

weree randomised by the general practitioner to allow start of treatment 

withinn 6 hours after onset of symptoms. Outcome assessment (functional 

outcomee after 3 months) was performed by the trial office. Clear inclusion 

andd exclusion criteria and simple forms were designed. 1800 General 

practitionerss agreed to co-operate, news letters were sent and teaching 

coursess were organised. 

AA total of 454 patients were randomised. External validity study showed 

thatt only 8 % of patients were included, 40% were excluded correctly. 

24%% Of included patients should not have been randomized, based on 

exclusionn criteria. Neuroradiological imaging was performed in 307 

patients,, general practitioners diagnosed stroke correctly in 98% of these 

patients.. Of all patients, 52% were admitted in a hospital, elderly patients 

andd patients with severe strokes were admitted statistically significant more 

often. . 

Ann acute stroke trial in a pre-hospital setting is possible, but difficult. Our 

triall  suffered from a much lower inclusion rate than expected. General 

practitionerss were unfamiliar with randomised controlled trials and asking 

off  informed consent. Sometimes they were too busy and forgot about the 

trial.. Probably, an acute stroke trial with a smaller, more involved group of 

generall  practitioners can be more successful. 
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Introductio n n 
Thee VENUS trial (Very Early Nimodipine Use in Stroke) was designed to test the hypothesis 

thatt early treatment with nimodipine has a positive effect on survival and functional outcome 

afterr stroke. Such a positive effect was suggested in a meta-analysis.47 To protect neurones in the 

ischaemicc penumbra against the massive calcium influx, treatment has to start as soon as possible. 

Wee therefore performed this trial in a pre-hospital setting. No serious adverse events were reported 

fromm trials with oral nimodipine,4546 allowing us to start treatment in a pre-hospital setting. In 

patientss with intracerebral haemorrhages an ischaemic area surrounding the haematoma has 

beenn identified.I26;128;129 This suggests that nimodipine is likely to be beneficial for these patients, 

whichh were therefore not excluded before randomisation. 

Too our knowledge, this was the first acute stroke trial in a pre-hospital setting. In thiss manuscript 

wee report on the problems we encountered. 

Methods s 
Inn this randomised, double-blind, placebo-controlled trial, patients used 30 mgg nimodipine, 

everyy 6 hours for 10 days or a similar placebo schedule. Trial medication had to be started 

withinn 6 hours after onset of symptoms.. Any other concomitant medication, except nimodipine, 

wass allowed. Written, or witnessed oral, informed consent was required. Numbered boxes 

containedd one complete treatment or identical placebo course, and were distributed among 

participatingg general practitioners and neurologists. The primary end point was poor outcome, 

definedd as all cause mortality or dependency in daily life (modified Rankin score > 3119:12°) three 

monthss after inclusion. Outcome was assessed through telephone interview by a trained data 

managerr nurse, blinded for treatment allocation.121122 Information about neuroradiological 

imagingg (CT or MRI scan) was gathered in order to ascertain a definite diagnosis. 

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), requiring 575 patients in each treatment arm. Since pre-hospital trial inclusion 

byy general practitioners can lead to inaccurate diagnosis and drug non-compliance, we 

substantiallyy raised the estimated sample size with 30%. After inclusion of 454 patients the trial 

wass terminated early, since in our Cochrane Collaboration review on calcium antagonists for 

ischaemicc stroke, the reported positive effects of early administered nimodipine, could not be 

confirmed.1233 An interim analysis by an independent committee showed that the assumptions on 

whichh the sample size of the trial was based, were unrealistic. 
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ExclusionExclusion criteria 

Abilit yy to raise arm or leg > 10 sec. against gravity; start treatment > 6 hours after stroke; age 

<< 18 or > 85 years; previous participation in this trial; pregnancy; impaired consciousness (does 

nott obey orders and does not open eyes on painful stimuli); other diseases likely to cause death 

withinn one year; previous stroke, resulting in serious handicap (modified Rankin scale score 

>3)'19;; dysphagia, excluding oral medication at trial onset; systolic blood pressure < 130 mmHg; 

heartt rate < 50 / min; three or more of the next four conditions: severe headache, vomiting, 

hypertensionn (systolic BP >220 mmHg), use of oral anticoagulants.130 

RandomisationRandomisation by general practitioner 

Co-operatingg physicians received trial medication and a case record form (CRF) for inclusion 

off  one stroke patient. Included was a small card with all relevant information (inclusion and 

exclusionn criteria, telephone numbers, how to use medication). When a general practitioner 

encounteredd an eligible stroke patient he had to explain the trial and ask informed consent. 

Whenn the patient was unable to write (because of hemiparesis), witnessed oral, or consent by 

proxyy was allowed. Trial medication was started immediately. The general practitioner completed 

thee simple CRF, called the trial office (24-hours service) and sent in the trial forms. Twenty-four 

hourss after start of treatment, blood pressure and heart rate had to be recorded, to detect serious 

hypotensionn and bradycardia. After inclusion of a patient, the general practitioner was offered 

anotherr set of trial medication. The general practitioner received 175 Dutch guilders (79,5 euro) 

forr each included patient. 

Too assess external validity of VENUS 180 general practitioners (10% of all participants) 

weree asked to report all stroke patients they encountered during six months. They were contacted 

byy phone every month to assess the number of encountered and included stroke patients, and 

reasonss for not including patients (exclusion criteria or other reasons). 

StartingStarting VENUS 

InIn September 1994 co-operation of general practitioners was sought. All general practitioners 

inn the Netherlands collaborate in groups, that cover night, holiday, and weekend calls. 

Beforee approaching general practitioners, we asked neurologists in hospitals in the vicinity 

too continue trial medication after hospital admission of a stroke patient. Some neurologists 

participatedd in acute stroke trials, which precluded randomisation by general practitioners in 

thatt particular area. After approval from the neurologist, we approached all general practitioners 

referringg to this hospital. Together with the local neurologist a meeting was organised, at which 

generall  practitionerss were informed about the trial and invited to co-operate. General practitioners 

whoo did not attend this meeting were informed by a phone call and, after the study protocol had 
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beenn sent, were asked to participate. 

Inn some areas we did not succeed in organising a meeting. We visited general practitioner 

groupss in these areas at one of their regular meetings or we contacted the group by phone. 

Wee aimed at the participation of complete groups of general practitioners in view of the on 

calll  hours. 

When,, in autumn 1995, 1804 general practitioners, in 45 areas, had agreed to co-operate, 

recruitmentt stopped. Neurologists of 10 hospitals also agreed to randomise patients at the 

emergencyy department. We expected to include all trial patients in less than two years. 

Inn addition, a broader campaign was aimed at media interested in health problems. Several 

locall  and national newspapers paid attention to the trial. By increasing knowledge of the general 

publicc about the signs and symptoms of a stroke, we tried to diminish patient's delay. We also 

hopedd that publicity would make it easier for the general practitioners to discuss the VENUS 

studyy with patients and their relatives and to ask for informed consent. 

MaintainingMaintaining VENUS 
AA Dutch general practitioner with an average patient populationn encounters approximately 4 

strokee patients a year.131 At such low incidence rates of stroke in general practice, physicians 

cannott develop expertise in this area, and trial details are unlikely to be remembered. We realised 

thiss would endanger the progress of the trial. Newsletters with information about the trial were 

sentt every 2 months. News items on stroke issues, such as therapies, stroke units and trial progress 

weree discussed, advise about how to ask informed consent was given, and the consequences of 

intentionn to treat principles were explained. All co-operating physicians were called every 6 to 

88 months. We invited questions and reminded the general practitioners of issues mentioned in 

recentt newsletters. 

Onn site audits were not performed in view of the sheer number of general practitioners (1800) 

andd budget limitations. A pharmaceutical company offered help of their sales representatives, 

whoo asked participating general practitioners about their experiences with stroke patients and 

VENUS.. We announced these visits to general practitioners in a newsletter. 

Inn the Netherlands, general practitioners are obliged to follow 40 hours a year of post graduate 

teachingg to remain certified. We organised a teaching course on cerebrovascular diseases, free 

off  charge for co-operating general practitioners, and credited for certification. 

StatisticalStatistical analyses 

Chi-squaree tests and unpaired T-tests were used to calculate statistical differences between 

groups. . 
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Results s 
ExternalExternal validity 

Off  all approached generals practitioners, 117 agreed to co-operate in the external validity 

study.. In six months 73 stroke patients were seen by these general practitioners. Only 6 (8 %) 

weree included in VENUS. Of the remaining 67 patients, 44 were not included because of exclusion 

criteriaa (paresis not severe enough (16), existence of symptoms > 6 hours (14), and age > 85 

(12),, swallowing disturbances (2)). In 23 patients the general practitioner simply forgot VENUS 

orr was uncertain about diagnosis. 

Inn the half yearly telephone calls, three randomised patients who had not been reported by the 

physician,, were retrieved. Trial medication was started, but shortly after onset of medication 

relevantt exclusion criteria were noted. 

Off  the 454 included patients, 107 (24%) should not have been randomised, because they had 

thee following exclusion criteria: 8 other diagnoses, 74 hemiparesis not severe enough, 8 age > 

855 years, 10 swallowing disturbance, 7 other. 

DiagnosticDiagnostic accuracy 

Inn VENUS the diagnosis was confirmed by neuroradiological imaging in 307 patients, stroke 

wass diagnosed correctly in 98% of these patients (Table I). In 8 patients the final diagnosis was 

nonn stroke etiology (cerebral metastases (2x), primary cerebral tumor (2x), pneumonia, seizure, 

hyperventilationn syndrome, severe hypertension). 

Admission Admission 

Off  all patients randomised, 236 (52%) were admitted to a hospital. Factors influencing general 

practitioner'ss policy towards admission were age (p = 0.003, t-test), and aphasia (p = 0.000, chi-

squaree test). Mean age of admitted patients was 69.4 years, of patients who were treated at home 

72.33 years. 

Tablee I. Diagnostic accuracy of family physicians in patients they diagnosed as having suffered a stroke, 
inn whom neuroradiological imaging was performed. 

Diagnosiss after  radiological investigations No. of patients (%) 

Ischaemicc stroke 260 (85%) 
Haemorrhagicc stroke 33 (11%) 
Strokee NOS 7 (2%) 
Otherr diagnosis*  5 (2%) 

Totall  number of patients 307. 
**  Other diagnosis were cerebral metastases (2x), primary cerebral tumor (2x), hyperventilation syndrome. 
Inn 2 patients information of diagnosis after radiological investigation was unavailable. 
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Off  all admitted patients 41 % had a poor outcome at the end of follow-up, compared to 17% 

off  patients who were treated at home (p = 0.000, chi-square test). This suggests that patients 

withh a severe stroke are admitted more often. 

Discussion n 
Thee VENUS study was terminated in July 1998 primarily because of doubts about the scientific 

basiss of the study. In our Cochrane Collaboration review on calcium antagonists for ischaemic 

strokee the positive effects of early administered nimodipine reported before,47 could not be 

confirmed.1233 This led to an interim analysis by an independent committee, which advised to 

stopp the inclusion of patients. 

VENUSS suffered from a much lower inclusion rate than expected. Given the number of co-

operatingg general practitioners and the number of stroke patients they encounter, it should have 

beenn possible to include all patients within 2 years. The external validity study shows that 117 

generall  practitioners encountered 73 stroke patients in six months, of whom 60% were correctly 

excludedd and 40% were potential participants for the VENUS study. If our sample was 

representative,, the 1800 general practitioners can be expected to have encountered 1124 stroke 

patientss in six months, of whom 450 were eligible for VENUS. Similar disappointing experiences 

weree described by Tognoni et al in their early terminated study on treatment of isolated systolic 

hypertensionn and Peto and Coulter in their study on menorrhagia.I32;133 However, there are 

importantt differences between these trials. In the study by Tognoni et al, hypertension did not 

requiree immediate intervention and general practitioners had much more time to decide whether 

aa patient was eligible for the trial. Diagnostic uncertainty did not play a major role. General 

practitionerss had to stop anti-hypertensive treatment which they had prescribed before. Tognoni 

ett al suggest that this change from the role of confident and reassuring presciber to uncertain 

researcherr prevented the general practitioners to randomise patients. In the VENUS trial 

medicationn did not have to be interrupted. Instead, general practitioners could start medication 

whereass in the past they had nothing to offer. But the possibility of placebo medication may 

havee been a problem. Many general practitioners expressed their unfamiliarity with randomised 

controlledd trials and asking of informed consent. 

Generall  practitioners only had to hand out a questionnaire to the patient and complete one 

themselves,, in the menorrhagia study by Peto and Coulter.133 Recruitment rate of patients with 

thiss common condition in general practice, was much lower than expected. General practitioners 

reportedd they had not seen eligible patients, were too busy and had forgotten about the trial. This 

lastt reason has certainly played a role in the VENUS trial, in which a relatively uncommon 
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diseasee in general practice was studied. This might also be an explanation for the high number 

off  incorrectly included patients, despite simple, straightforward inclusion and exclusion criteria, 

andd extensive instructions during the meetings at the beginning of the study. 

InIn the GREAT study (Grampion region early anistreplase trial) the investigators succeeded in 

performingg a pre-hospital based thrombolysis trial in acute myocardial infarction,127 in which 

patientss had to be treated within 4 hours. In 3 years 29 rural practices included 311 patients with 

suspectedd myocardial infarction. Thrombolytic treatment can be considered as far more dangerous 

thann oral nimodipine, but this did not seem to hinder general practitioners in including patients. 

Off  all eligible patients 60% was included. This might be a fine example of the advantages of a 

small,, local group of participating general practitioners in a acute treatment trial. 

Itt has been suggested that a reasonable financial incentive might help general practitioners to 

randomisee patients.134 For this reason a fair but modest fee was given as compensation for the 

timee the general practitioner spent on including a patient in the VENUS study. The workload for 

thee general practitioners was small, the CRF easy to complete and all follow-up was done by the 

triall  office. Only if patients stayed at home, a check after 24 hours had to be done, but this is a 

routinee visit, performed by general practitioners when stroke patients are not admitted.135 

Wee agree with Jonker that general practitioners seem to have littl e knowledge about trial 

methodologyy in general.136 Trial medication was started, and stopped, in three patients after the 

practitionerr found out that these patients should not have been included because of exclusion 

criteria.. Patients were not reported to the trial office and follow-up was therefore not performed. 

Thiss clearly shows that basic principles of the intention-to-treat analysis are not widely known. 

Criticss had doubts about the ability of general practitioners to diagnose stroke. The limited 

numberr of stroke patients encountered each year hampers diagnostic accuracy. Schuling reported 

thatt general practitioners diagnose stroke (ischaemic or haemorrhagic) in 92% of all cases 

correctly.1355 Similarly, in the VENUS study the diagnosis appeared not be to a major problem, 

sincee in the group of patients in whom the diagnosis could be investigated by CT or MRI, the 

diagnosiss was correct in 98% of the patients. 

Iff  early treatment of stroke patients will ever be a critical factor, pre-hospital treatment by 

generall  practitioners remains an attractive option. In a next acute stroke trial in general practice 

wee would aim on less general practitioners, focussing on few regions, with much more physician 

involvement.. Such a smaller group will have several advantages. Co-operating general 

practitionerss can easier be trained in trial methodology, in particular the need for strict inclusion-

andd exclusion criteria and intention to treat principles. Site visits will be possible, which can be 

donee by a trial nurse as suggested by Paterson.137 It would even be possible for this trial nurse to 

visitt the included stroke patients, which would be a direct benefit for the general practitioners. 

AA regional group would also benefit from support by the trial office in other aspects. Each 
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strokee patient encountered could be reported immediately to an on call investigator, who could 

informm the general practitioner, after some simple questions, whether the patient is eligible or 

not.. With these strategies the number of patients incorrectly included or missed for inclusion 

mightt be diminished. 

Whenn working with a group of general practitioners of a certain region, it is likely that they 

feell  more responsible for the trial, than in a nation-wide study. This would enlarge the chance 

forr success.138 

AA disadvantage of a small group would be that more time is needed to include all patients. 

However,, if inclusion rate increases and the number of incorrectly included patients diminishes, 

thiss increase in time might be moderate. 

Wee assume that with these changes in trial design, acute stroke trials in general practice will 

bee possible. Provided that the distinction between ischaemia and haemorrhage is not required, 

ass is the case in studies with neuroprotective agents, this would enable us to start treatment 

muchh earlier than in hospital based trials. 
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Abstract t 
Introduction . . 

Methods. . 

Results. . 

Conclusions. . 

Thee sudden loss of blood supply in ischaemic stroke is associated with 

increasedd levels of calcium ions within neurones. Inhibiting this increase 

couldd protect neurones and is thought to reduce neurological impairment, 

disabilityy and handicap after stroke. The aim of this review is to determine 

whetherr calcium antagonists reduce the risk of death or dependency after 

acutee ischaemic stroke. The influence of different drugs, dosages, routes 

off  administration, time intervals after stroke and trial design on the risk of 

poorr outcome was investigated. 

Relevantt trials were identified in the Specialised Register of Controlled 

Trialss (see Stroke Review Group Details). Last search: summer 1999. All 

trulyy randomised trials comparing a calcium antagonist with control, in 

patientss with acute ischaemic stroke, were included. Two authors assessed 

alll  trials and extracted the data. Poor outcome, defined as death or 

dependencyy in activities of daily living, was used as the main outcome. 

Analysess were, if possible, "intention-to-treat". 

466 trials were identified of which 28 were included (7521 patients). No 

effectt of calcium antagonists on poor outcome at the end of follow-up 

(ORR 1.07, 95% CI 0.97/1.18), or on death at end of follow-up (OR 1.10, 

95%% CI 0.98/1.24) was found. Intravenous administration (i.v.) of calcium 

antagonistss was associated with an increase in the number of patients with 

poorr outcome compared to oral administration (indirect comparisons). 

Comparisonss of different doses of nimodipine suggested that the highest 

dosess were associated with poorer outcome. Administration within 12 hours 

off  onset was associated with an increase in the proportion of patients with 

poorr outcome, but this effect was largely due to the poor results associated 

withh i.v. administration. A subgroup analysis on nimodipine (oral, 120 

mg/day)) started within 12 hours of stroke onset, did not show a beneficial 

effect. . 

Noo evidence is available to justify the use of calcium antagonists in patients 

withh acute ischaemic stroke. 
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Introductio n n 
Acutee ischaemic stroke is a major cause off  death and disability world-wide. Massive calcium 

influxx into the cells is a final common pathway, leading to cell death.13 Animal experiments 

havee indicated that calcium antagonists administered after cerebral ischaemia may be effective 

inn reducing infarct volume and lead to improvements in neurological outcome.2131 Nimodipine 

wass shown to be effective in decreasing the occurrence of death and disability (poor outcome) 

afterr aneurysmal and traumatic subarachnoid haemorrhage (SAH) in humans.48;1(0;1<)4 The 

mechanismm of action of nimodipine in SAH is not clear. Several studies failed to demonstrate a 

reductionn in the occurrence of vasospasm after SAH.139 Nimodipine and other calcium antagonists 

mayy act as neuroprotective drugs by diminishing the influx of calcium ions through the voltage 

sensitivee calcium channels. Of course there is a difference between treatment of ischaemic 

strokee and treatment of SAH. In stroke, medication will be started after the onset of ischaemia 

insteadd of before. In view of the evidence on the existence of an "ischaemic penumbra",14 where 

brainn tissue may survive ischaemic periods of variable and as yet not precisely determined 

duration,, a therapeutic effect may very well be present when administration starts up to several 

hourss after stroke onset. 

Manyy calcium antagonists have been tested in randomised controlled clinical trials in acute 

ischaemicc stroke, but none of these trials has demonstrated a convincing beneficial effect. 

However,, sample sizes may have been too small to demonstrate a small but perhaps clinically 

significantt effect. For this reason a systematic review is mandatory. Some meta analyses with a 

moree limited scope (restricted to nimodipine and performed before some recent trials were 

available)) have already been performed.4714814" In these meta-analyses a beneficial effect of 

nimodipinee was not demonstrated, except in a subgroup analysis. This subgroup analysis (patients 

treatedd within 12 hours of stroke onset) suggested that early treatment is effective and may lead 

too a 38% reduction in the odds of poor outcome.47 Any subgroup analysis showing a beneficial 

effectt should be interpreted with caution, since there is always the danger that it may be a 

chancee finding.118 

Inn some areas of the world calcium antagonists are widely used. An example is China, where 

88%% of doctors caring for acute stroke patients report that they routinely (53%) or sometimes 

(35%)) use nimodipine in stroke care.125 
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Methods s 
Objectives Objectives 

Too determine whether the use of calcium antagonists in patients with acute ischaemic stroke 

a)) reduces the risk of death during the treatment period or at the end of follow up, b) reduces the 

numberr of patients who, at final follow up, are either dead or severely disabled and c) to make 

comparisonss for different calcium antagonists regimens (different drugs, oral or intravenous 

administration,, various time intervals from onset of symptoms until start of treatment and different 

dosages)) and different trial designs (quality of design, publication status). 

SelectionSelection Criteria 

Typess of studies: All controlled trials of calcium antagonists versus control (open, placebo or 

orall  versus intravenous administration) were included. 

Typess of participants: Patients with presumed or definite acute ischaemic stroke, randomised 

withinn 14 days after stroke onset. Although CT scanning, which was used in all trials, but not necessarily 

inn all patients, sometimes showed haemorrhagic stroke, we included all randomised patients. 

Typess of interventions: Trials with calcium antagonists. These were defined as agents whose 

principall  mode of action it is to inhibit the influx of calcium into cells by way of the voltage-

sensitivee calcium channels. 

Typess of outcome measures: Main outcome: Poor outcome, defined as death (all cause case 

fatality)) or dependency in ADL activities. Forr assessing dependency one of the available functional 

healthh scales was used: Modified Rankin or Oxford Handicap Scale (dependency > 3)119, Glasgow 

Outcomee Scale (dependency < 4)141, the Barthel ADL Index (dependency < 60)142, Toronto Stroke 

Scalee (dependency > 3)143 or the disability item in the Mathew Impairment Scale (dependency = 

7).1444 If more than one scale was available, the one with the smallest number of missing values 

wass selected, (see "characteristics of included studies" table (Table I)for details). Secondary 

outcomes:: Adverse events (substantial fall in blood pressure, recurrent stroke, and other reported 

sidee effects) during treatment and follow up period. These events were recorded if they were 

mentionedd as such in the original paper, thus the definitions of the investigators were used. 

Thiss review has drawn on the search strategy developed for the Stroke Group as a whole. 

Relevantt trials were identified in the Specialised Register of Controlled Trials (see Cochrane 

Collaborationn Stroke Review Group Details for more information). This register was last checked 

inn the summer of 1999. Unpublished trials were identified through informal contacts with trialists. 

MethodsMethods of analyses. 

Thee authors independently selected the trials to be included in the review. Trial reports were 

readd and assessed independently and all information needed (methodological quality and outcome 

48 8 



Calciumm Antagonist for ischaemic stroke. A Cochrane Review 

data)) was extracted by both readers. If there was any disagreement this was resolved by discussion. 

Protocolss of the studies (also unpublished trials) were sought for methodological information. 

Principall  investigators of identified trials were sent data collection forms. Data on the method 

off  randomisation, the method of blinding, inclusion and exclusion criteria, the number of patients 

lostt to follow up or excluded from the trial, the times of follow up and the selection of outcome 

measuress were collected. We sought information about the exact number of patients randomised, 

thee number that died during treatment or during follow up, functional outcome and the number 

off  patients who experienced adverse effects. We aimed to extract from each trial the number of 

patientss originally allocated to each treatment group to allow an intention-to-treat analysis. 

SensitivitySensitivity analyses were performed for: 

A.. Route of drug administration (intravenous or oral). 

B.. Dose. The effect of different doses on outcome was examined in two ways: a) by reference 

too direct randomised comparisons of one dose with another dose (administered by the same 

route);; and b) by indirect comparisons of different doses compared with placebo. The latter 

comparisonss are less reliable since they may be confounded by patient related factors. 

C.. Time of the start of treatment, in view of evidence that time elapsed between stroke onset 

andd initiation of treatment is an important factor for therapeutic successes. 

D.. Trial methodology. Methodological quality of studies was determined by the method 

describedd by Jadad et al.145 With this method 1 point is given for trials in which the word 

"randomised""  is mentioned, another point is given when the method of randomisation is 

properlyy described and sufficient. When in the title or the manuscript phrases like "double-

blind""  or "concealed" are found this is another point, description of the method and if the 

methodd used was sufficient, this leads to another point. The last point is given when all 

patientss included are accounted for in the manuscript. Trials scoring 5 points were 

consideredd as "good quality trials", trials scoring 3 or 4 points as "moderate quality 

trials""  and trials scoring 0 or 1 or 2 points as "poor quality trials". For determining the 

qualityy additional information provided by the investigator was taken into account. 

E.. Publication status. 

F.. Effectiveness of 120 mg oral Nimodipine, administered within 12 hours after stroke onset. 

Thiss is the most widely employed dosage of Nimodipine in trials and was the dosage 

usedd in the previous limited meta-analysis.47 

G.. The present analysis can be considered a 'best case' analysis: missing values are handled 

ass if they represent good outcomes. Most missing values regarded dependency. We 

performedd a 'worst case' sensitivity analysis by considering all missing values to represent 

poorr outcomes. 
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Inn several cases both the original datasets and the published manuscript were available. The 

numberss usually differed slightly, in some cases extensively. This will be indicated in the 

descriptionn of the individual trials. Generally in these cases the original datasets were used. 

However,, in the trial by Heiss et al,109 the publication mentioned patient exclusions that were 

nott accounted for in the dataset. We included these patients in our calculations. Thus the numbers 

usedd in the analyses of this review may differ from those reported in the original trial publications. 

Inn case of incomplete follow up data on functional status, the last known functional status was 

carriedd forward. If only functional status at trial inclusion was available, these data were not 

employed. . 

Wee tested for heterogeneity between trial results using a standard chi squared test and 

calculatedd a weighted estimate of the typical treatment effect across studies, the Peto Odds 

ratio.. We also examined the influence of exclusion of the trials performed by Gelmers on 

heterogeneity. . 

Results s 
DescriptionDescription of studies 

Wee identified 46 studies using calcium antagonists in patients with acute ischaemic stroke. Nine 

studiess were excluded, for details see the "characteristics of excluded studies" table (Table II). 

Tablee II: Characteristics of excluded studies 

Studyy ID Reason for  exclusion 

Amensoo 1992IM Nimodipine trial. Seems to be part of the another larger trial, unknown which. In this 
reportt the hemorrheological data of few patients are reported. 

Laszloo Csiba Nimodipine trial performed in Hungary. Investigators and company are unable to retrieve 
data.. Unpublished. 

Marinn Gamez 1988s1 Nicardipine trial. Spanish article, in the studie 75 patients were included. Unknown how 
manyy patients in which treatment group. More than 30% of patients (24/75) were excluded 
afterr randomisation, no follow-up data are provided. 

Matiass Guiu I992I6S Nicardipine trial, aim of the studie was to assess the effect on cognitive impairment after 
minorr stroke. 

Moltoo 1994"',i Nicardipine trial, included patients with transient ischemic attacks, Spanish article. 
Orgogozoo Nicardipine trial, principal investigator could not supply data from this unpublished trial. 
Petrogiannopouloss 1996lf*  Nimodipine trial, patients were included 1-2 months after acute ischemic stroke. 
Rosenbaumm 1990"17 Nicardipine trial, safety study without a control group 
Yaoo Jingli 1991"*  Nimodipine trial, chinese report of "preliminary study", no outcome data available. 

TrialsTrials awaiting assessment: 

-- Hakim 1989 (nimodipine),146 stroke patients were studied with PET scans, unknown whether 

outcomee was assessed. 
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-- Davalos 1989 (nicardipine),147 limited data in abstract form, principal investigator did not 

respondd to our letters. 

-- Davalos Errando 1992 (nicardipine),148 limited data in abstract form, principal investigator 

didd not respond. Probably this trial is identical to the Davalos 1989 trial. 

-- Garcia Tigera (nifedipine),149 abstract with limited data, we have been unable to contact 

thee principal investigator. 

-- Rosselli 1992 (nimodipine) Italian article,150 stroke patients were studied with SPECT, 

unknownn whether outcome was assessed. 

-- Lamsudin 1993 (nimodipine),151 abstract with limited data available, principal investigator 

hass announced final publication which we have not been able to retrieve. Investigator has 

nott answered our request for further data. 

-- Szczechowski 1994 (nimodipine),152 Polish article, author has not responded to requests 

forr further data. There is a severe imbalance in treatment allocation which needs explanation. 

-- Dalai 1995 (nimodipine),153 computer hard disk with data crashed so electronic data not 

available,, but the investigator has promised to search for data in patient records. 

OngoingOngoing studies: 

AIIM SS (nimodipine), principal investigator Behari, did not respond to letters. Uncertain 

whetherr this trial is still ongoing. 

IncludedIncluded studies: 

Seee "characteristics of included studies" table (Table I). 

Inn many trials functional outcome was measured, but not presented in a way suitable for a 

structuredd review (e.g. different neurological scorings at time of randomisation and of final 

follow-up).. In these cases additional data were requested from the investigators. If we were 

unablee to obtain these data the trial was only included in the analyses of case fatality. 

Al ll  trials were assessed using the scale developed by Jadad and others.145 In many of the older 

studiess the method of randomisation and of concealment of therapy was not described. For 12 

trialss we found a proper description of the method of randomisation and concealment of allocation 

inn either the manuscript or separate information supplied by the investigator. In these trials, 

patientss withdrawn or lost to follow-up were described. It is conceivable that more trials fulfi l 

thee criteria to be regarded a "good quality trial", but information is lacking. 
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Tablee I: Characteristics of included studies 

Studyy ID Methodss &  intervention Participants s Outcomee assessment and notes 

ASCLEPIOSS 199054 Methodological quality: good. 120 Rx., 114 P. 
Unpublished.. Poor outcome: 
I.v.. isradipine, 28 days, 80 mg/hr for 72 47 Rx., 44 P. 
hrs,, followed orally with 2.5 mg b.i.d. 
Placebo:: identical regimen. 

Dependencyy measurement used 
inn review: Barthel Index. Last 
FU:: 3 months. Data available 
fromm principal investigator (JM 
Orgogozo). . 

Bogousslavskyy Methodological quality: moderate, 30 Rx., 30 P. 
1990,I!KK method of blinding not properly Poor outcome: 

described.. Published. 2 Rx., 3 P. 
Orall  nimodipine, 30 mg q.i.d. for 2 
weeks.. Placebo: identical regimen. 

Dependencyy measurement used 
inn review: funtional item 
Matheww scale. Last FU: 4 
months.. Data available from 
publicationn and database of 
Bayerr AG. 

Bridgerss 1991'" Methodological quality: poor, method 
off  randomisation and blinding not 
properlyy described, patients withdrawn 
orr lost to FU not described. Published 
ass abstract. I.v. nimodipine, two active 
groups:: 1 mg/hr or 2 mg/hr for 5 days, 
followedd by oral nimodipine 120 mg/ 
dayy day 5 -21. 
Placebo:: identical regimen. 

1388 Rx., 66 P. Dependency measurement used 
Poorr outcome: in review: Glasgow Outcome. 
1033 Rx., 43 P. Last FU: 21 days (?). 

Dataa available from abstract 
andd Bayer AG. Trial was 
stoppedd after inclusion of 204 
off  planned 720 patients 
becausee of deleterious effect in 
highh dosage group. 

CANWINN 1993": Methodological quality: good. 96 Rx., 93 P. 
Published.. Poor outcome: 39 
I.v.. nimodipine; day 1-10 2mg/hr, day Rx., 42 P. 
111 -6 months 180mg/day orally. 
Placebo:: identical regimen. 

Dependencyy measurement used 
inn review: Toronto Stroke 
Scale.. Last FU: 1 year. Data 
availablee from publication, 
principall  investigator, Bayer 
Canadaa and Bayer AG. 

Caponn 1983' Methodologicall  quality: unknown, no 30 Rx., 30 P. 
information.. Unpublished. Mortality: 
Treatment:: Nimodipine oral, 30 mg 1 Rx,, 2 P. 
q.i.d.. for 56 days. 
Placebo:: identical regimen. 

Noo dependency measurement 
available.. Last FU: at end of 
treatmentt Very limited data 
availablee from Bayer AG, 
Wuppertal,, Germany. 

Chandraa 1995',4 Methodological quality: moderate, 93 i.v. Rx., 93 
randomisationn procedure not oral Rx. 
mentioned.. Published. Oral vs i.v. Poor outcome: 
treatment.. Arm 1: oral nimodipine 30 3 i.v. Rx., 0 
mgg q.i.d. and i.v. placebo. Arm 2: oral Rx. 
nimodipinee 2.5 mg/hr i.v. and oral 
placebo.. Treatment period 10 days, 
followedd by oral nimodipine for all. 

Dependency:: data reported in 
wayy not usefull. Last FU: day 
14.. Data from original 
publication,, only average 
scoress on functional items 
available,, hence not used in 
meta-analysis.. This trial is only 
usedd for direct comparison of 
routee of administration. 

FISTT 199051 Methodologicall  quality: good. 
Published. . 
I.v.. flunarizine; day 1-7 25 mg b.i.d., 
dayy 8-14 oral 21 mg/day, day 15-28 
orall  7 mg/day. Placebo: identical 
regimen. . 

1666 Rx., 165 P. Dependency measurement used 
Poorr outcome: in review: Modified Rankin 
933 Rx., 83 P. scale. Last FU: 24 weeks. Data 

availablee from publication and 
Janssenn Pharmaceuticals. 
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Studyy ID Methodss &  intervention Participants s Outcomee assessment and notes 

Gelmerss 1984*2 Methodological quality: poor, open 
triall  with inadequate treatment 
concealment.. Method of randomization 
andd patients withdrawn or lost to FU 
nott properly described. Published 
Orall  nimodipine, 30 mg q.i.d., 28 days. 
Placebo:: none. 

299 Rx., 31 P. Dependency measurement 
Poorr outcome: used in review: functional item 
22 Rx., 12 P. in Mathew scale. Last FU: 28 

days.. Data available from 
publicationn and Bayer AG. 

Gelmerss 198843 Methodological quality: moderate, 
methodd of randomisation and patients 
withdrawnn or lost to U not described. 
Published.. Oral nimodipine, 30 mg 
q.i.d.,, 28 days. Placebo: identical 
regimen. regimen. 

933 Rx., 93 P. Dependency measurement 
Poorr outcome: used in review: functional item 
244 Rx., 34 P. Mathew scale. Last FU: 6 

months.. Data available from 
publicationn and Bayer AG. 

German-Austriann Methodological quality: moderate, 239 Rx., 243 P. 
1994"44 method of randomisation not described. Poor outcome: 

Published.. 60 Rx., 63 P. 
Orall  nimodipine, 30 mg q.i.d., 21 days. 
Placebo:: identical regimen. 

Dependencyy measurement 
usedd in review: funtional item 
inn Mathew scale. Last FU: 6 
months.. Data available from 
publicationn and Bayer AG. 

Heisss 1990IW Methodological quality: good. 
Published. . 
I.v.. nimodipine, lmg/hr in first 2 hrs, 
2mg/hrr next 5 days, followed by 30 mg 
orall  q.i.d. day 6-21. Placebo: identical 
regimen. . 

144 Rx., 13 P. Dependency measurement 
Poorr outcome: used in review: Barthel Index. 
55 Rx., 4 P. Last FU: 6 months. Data 

availablee from publication and 
Bayerr AG. 

INWESTT 199444 Methodological quality: good. 
Published. . 
I.v.. nimodipine 1 mg/hr, or 2 mg/hr for 
55 days, followed by oral nimodipine 
1200 mg/day day 5 - 21. Placebo: 
identicall  regimen. 

1955 Rx., 100 P. 
Poorr outcome: 133 
Rx.,, 54 P. 

Dependencyy measurement used 
inn review: Barthel Index. Last 
FU:: 24 weeks. Trial was 
terminatedd early after including 
2955 patients (planned 600) 
becausee of safety concerns. 
Dataa available from manuscript 
andd Bayer AG. 

Kastee 199411, Methodological quality: good. 176 Rx., 174 P. 
Publishedd Poor outcome: 
Orall  nimodipine, 30 mg q.i.d., 21 days. 44 Rx., 31 P. 
Placebo:: identical regimen. 

Dependencyy measurement 
usedd in review: Rankin scale. 
Lastt FU: 12 months. Data 
availablee from authors and 
publication. . 

Kornhuberr 1993" Methodological quality: moderate, 1 
triall  centre was excluded because of 
dataa inhomogeneity. Published. 
I.v.. flunarizine, 25 mg b.i.d., 7 days, 
followedd by oral 10 mg and 20 mg/day, 
dayss 8-28. Placebo: identical regimen. 

2155 Rx., 218 P. 
Mortality: : 
255 Rx., 20 P. 

Dataa on dependency: not 
availablee from all patients 
randomised,, since data from 
onee centre were excluded from 
analysis.. Mortality data were 
availablee from all centres. Last 
FU:: 28 days. Data available 
fromm publication. 

Limburgg 1990,n Methodological quality: good. 12 Rx., 14 P. 
Published.. Poor outcome: 
I.v.. flunarizine; bolus of 0,lmg/kg , 3 Rx,, 8 P. 
followedd after 3 hrs by continuous i.v. 

Dependencyy measurement 
usedd in review: Rankin scale. 
Lastt FU: 6 months. Data 
availablee from authors and 
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Studyy ID Methodss &  intervention Participants s Outcomee assessment and notes 

0,3mg/kg/24hrr during 72 hrs. 
Subsequently,, oral administration of 
10mg/24hrr for 11 days. 
Placebo:: identical regimen. 

publication. . 

Liskk 1993ISK Methodological quality: moderate, 5 Rx., 6 P. 
methodd of randomisation not properly Mortality: 
described.. Published. 0 Rx., 0 P. 
Orall  nicardipine, 20 mg t.i.d. for 3 
days.. Placebo: identical regimen. 

Dataa on dependency: not 
available.. Last FU: 3 days. 
Dataa available from 
publication.. Trial compared 
treatmentt with nicardipine or 
captoprill  vs placebo. Trial 
designedd to find differences in 
CBFF measured with SPECT in 
hypertensivee stroke patients. 

Lowee 19891W Methodological quality: good. 56 Rx., 56 P. 
Unpublished.. Poor outcome: 
Orall  nimodipine, 40 mg t.i.d. for 16 34 Rx., 23 P. 
weeks.. Placebo: identical regimen. 

Dependencyy measurement 
usedd in review: Barthel Index. 
Lastt FU: 24 weeks. Data 
availablee from investigators 
andd Bayer AG. 

Martinez-Vilaa 1990"" Methodological quality: moderate, 
methodd of randomisation and patients 
withdrawnn or lost to FU not properly 
described.. Published. 
Orall  nimodipine, 30 mg q.i.d. for 28 
days.. Placebo: identical regimen. 

811 Rx., 83 P. Dependency measurement 
Poorr outcome: used in review: Toronto Stroke 
18Rx.,22P.. Scale. Last FU: 28 days. Data 

availablee from publication and 
Bayerr AG. 

Mohrr 19924'' Methodological quality: good. 800 Rx., 264 P. 
Published.. Poor outcome: 
Orall  nimodipine 20 mg, or 40 mg, or 475 Rx., 155 P. 
800 mg oral t.i.d. for 2 weeks. Placebo: 
identicall  regimen. 

Dependencyy measurement used 
inn review: Barthel Index at 21 
days.. Last FU: 6 months (only 
deaths).. Data available from 
publicationn and Bayer AG. 

NESTT 1993"1 Methodological quality: moderate, 437 Rx., 443 P. 
methodd of randomisation and blinding Poor outcome: 
nott properly described. Published. 197 Rx., 211 P. 
Orall  nimodipine, 30 mg q.i.d., for 21 
days.. Placebo: identical regimen. 

Dependencyy measurement 
usedd in review: Barthel Index. 
Lastt FU: 3 months. Data 
availablee from publication and 
Bayerr AG. In paper 195 
patientss were excluded from 
analysis,, however dataset from 
Bayerr included 879 patients. 

NIMPASS 1999"*  Methodological quality: good. 25 Rx., 25 P. 
Published.. Poor outcome: 
Orall  nimodipine, 30 mg q.i.d., for 14 11 Rx., 10 P. 
days.. Placebo: identical regimen. 

Dependencyy measurement 
usedd in review: Barthel Index. 
Lastt FU: 3 months. Data 
availablee from manuscript and 
investigators. . 

Oczkowskii  1989'M Methodological quality: moderate, 
methodd of randomisation and blinding 
nott properly described. Published. 
Orall  PY108-608; lOOmgday 1, 112.5 
mgg day 2, 125 mg day 3, 150 mg days 
4-21,, divided in four daily doses. 
Placebo:: identical regime. 

99 Rx., 10 P. Data on dependency presented 
Mortality:: in a way not usefull. Last FU: 
11 Rx., IP. 12 weeks. Data available from 

publication. . 
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Studyy ID Methodss &  intervention Participants s Outcomee assessment and notes 

Pacii  1989107 Methodological quality: moderate, 19 Rx., 22 P. 
methodd of randomisation not properly Poor outcome: 
described.. Published 2 Rx., 5 P. 
Orall  nimodipine, 40 mg t.i.d., for 28 
days.. Placebo: identical regimen. 

Dependencyy measurement 
usedd in review: functional item 
fromm Mathew score. Last FU: 
288 days. Data available from 
publicationn and Bayer AG. 

Shermann 1986"*  Methodological quality: moderate, 
methodd of randomisation not properly 
described.. Published. 
Treatment:: oral nimodipine 30 mg 
q.i.d.. for 21 days. Placebo: identical 
regimen. . 

111 Rx., I IP. No data availabe on functional 
Mortality:: outcome. Last FU: 60 days. 
00 Rx„  0 P. Data available from 

publication. . 

TRUSTT 19904S Methodological quality: good. 607 Rx., 608 P. 
Published.. Poor outcome: 
Treatment:: oral nimodipine 40 mg t.i.d. 275 Rx., 257 P. 
forr 21 days. Placebo: identical regimen. 

Dependencyy measurement 
usedd in review: Barthel Index. 
Lastt FU: 24 weeks. Data 
availablee from publication and 
Bayerr AG. We used original 
datasett for analysis on time 
intervall  after stroke onset. 

Uzunerr I995162 Methodological quality: poor, 
blinding,, randomization or placebo use 
unclear.. Published. 
Orall  nimodipine, 180 mg/day. If CT 
scann demonstrated intracranial 
hemorrhage,, i.v. nimodipine 2 mg/hr. 
Control:: no nimodipine. 

500 Rx., 50 P. Data on dependency: not 
Mortality:: available. Last FU: discharge 
66 Rx., 7 P. from hospital, maximum 40 

days.. Data available from 
manuscript,, received from 
principall  investigator. 

VENUSS 199949 Methodological quality:good. 225 Rx., 229 P. 
Unpublished.. Poor outcome: 
Orall  nimodipine, 30 mg q.i.d., 10 days. 71 Rx., 62 P. 
Placebo:: identical regimen. 

Dependencyy measurement 
usedd in review: Rankin scale. 
Lastt FU: 3 months. All data 
available. . 

Wimalaratnaa 19941"' Methodological quality: moderate, 
patientss withdrawn or lost to follow-up 
nott properly described. Published. 
Orall  nimodipine, 120 mg/day or 240 
mg/day,, for 16 weeks. Placebo: 
identicall  regimen. 

1466 Rx., 69 P. Dependency measurement 
Poorr outcome: used in review: Barthel Index. 
577 Rx., 28 P. Last FU: 24 weeks. Data 

availablee from manuscript and 
Bayerr AG. 

Yordanovv 19841W Methodological quality: unknown, no 121 Rx., 117 P. 
dataa available. Unpublished. Poor outcome: 
I.v.. nimodipine 0,5 mg/hr for 7 days, 70 Rx., 62 P. 
followedd by 30 mg q.i.d for 21 days. 
Placebo:: Identical regimen (?) 

Dependencyy measurement 
usedd in review: Toronto Stroke 
Scale.. Last FU: 6 months. 
Limitedd data available from 
Bayerr AG. 

55 5 



Chapterr 4 

MainMain Analyses 

Poorr outcome at end of follow-up 

Forr the main outcome, death and dependency at end of follow-up, no difference was found 

betweenn patients on active treatment or not. If anything, there may be a small but detrimental 

effectt (Odds Ratio (OR) 1.07; 95% CI 0.97/1.18). For this analysis we employed data from 22 

trials,, summarising results of 6877 patients. The indirect comparisons of the different drugs did 

nott show clear evidence of differences between drugs. The sensitivity analyses in which patients 

withh missing functional outcome were considered to have a poor outcome showed an OR of 

1.08,, 95% CI 0.98/1.20. 

Inn this analysis heterogeneity was present (Chi-square 33, df= 21). Deleting the results of 

Gelmerss 1984 and 1988 led to a substantial decrease in heterogeneity, in which the Gelmers 

19844 trial had the most substantial part.4243 

Deathh at end of follow-up 

Forr analysis of the effect of treatment on death at the end of follow-up, 7522 patients from 28 

trialss were included. In this analysis there was a trend towards more deaths in the calcium 

antagonistt treated group: OR 1.10 (95% CI 0.98/1.23), though statistically not significant. For 

thee drug flunarizine, a statistically significant adverse effect was found (OR 1.45, 95% CI 1.01/ 

2.09). . 

Deathh at end of treatment period 

Noo difference was present for death at end of treatment period (OR 1.07,95% CI 0.92/1.24). 

Onlyy in patients treated with intravenous flunarizine we found a statistically non significant 

increasee in mortality (OR 1.37, 95% CI 0.92/2.03). 

Recurrencee of stroke at end of follow-up 

Onlyy a limited number of reports mentioned stroke recurrences (9 trials). There was no 

differencee in the numbers of events between active treatment and placebo, OR 0.92 (95% CI 

0.56/1.52),, however the confidence intervals are wide. 

Al ll  adverse events during treatment period 

Inn the largest flunarizine trial there was a clear increase of adverse events in the treated group 

(33%% versus 10%, OR 3.73, 95% CI 2.21/6.29). This was mainly due to an excess of superficial 

thrombophlebitiss in the flunarizine group. In the rest of the studies there was no difference in 

adversee events. The overall result was an OR of 1.19 (95% CI 0.97/1.47). 
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Hypotensionn during treatment period 

Inn 6 trials, episodes of hypotension (sufficient to stop treatment) were mentioned. Hypotensive 

episodess were more frequent in treatment groups (2.0% versus 1.4%, OR 1.37, 95% CI 0.70/ 

2.67),, but hypotension was infrequently reported in this fashion. 

Meann systolic blood pressure during or at end of treatment 

Inn three trials data were presented in a way that allowed analysis. The mean blood pressure 

inn the treated groups was on average 2 mmHg lower. This is a very small difference. The large 

samplee size meant that this result was statistically significant, but the result is of marginal clinical 

significance. . 

SensitivitySensitivity analyses 

Poorr outcome and route of administration 

Intravenouss administration was associated with a worse outcome in treated groups compared 

withh placebo controls (OR 1.22, 95% CI 0.99/1.50). In the orally treated groups no difference 

wass present (OR 1.03,95% CI 0.92/1.16). 

Thee only direct comparison between oral and intravenous administration of nimodipine did 

nott support the notion that intravenous administration is associated with poorer outcome (3/71 

inn oral group died versus 0/72 in i.v. group).154 The numbers are very small, data on dependency 

couldd not be used. 

Poorr outcome by dose: indirect comparisons 

Thee indirect comparisons did not show a clear dose dependent treatment effect. Nimodipine, 

orally,, 60 mg, 120 mg and 240 versus control yielded the following odds ratios: 1.22,0.98,1.16 

(statisticallyy not significant). Intravenous Nimodipine 2 mg/hr yielded a significant increase in 

thee odds of apoor outcome (OR 1.98,95%CI 1.41/2.79), in the group treated intravenously with 

11 mg/hr this effect was not clear (OR 1.26 , 95% CI 0.81/1.96). 

Poorr outcome by dose: direct comparisons 

Thesee direct comparisons were possible in very few trials, 120mg was associated with slightly 

betterr results, than 60mg and 240mg. A dose dependent relationship seemed to exist for 

intravenouss nimodipine. For both routes, the highest doses were associated with poorer outcome. 

Poorr outcome by time start of treatment 

Earlyy treatment (<= 12 hours after stroke onset) with calcium antagonists was associated 
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withh an increase in the odds of a poor outcome, compared to placebo (OR 1.13, 95% CI 0.94/ 

1.36).. Treatment after 12 hours gave no effect whatsoever (OR 1.00, 95% CI 0.88/1.14). This 

analysiss may be confounded by route of administration. The effect of early treatment on mortality 

wass analysed separately; no difference was found between treatment started within 12 hours 

(ORR 1.05, 95% CI 0.84/1.32) or later (OR 1.12, 95% CI 0.96/1.31), compared to placebo. 

Randomisationn and concealment adequacy and blinding 

AA clear relationship was demonstrable between quality of trials and results (poor outcome). 

Dataa of 12 trials graded as "good quality trials" showed a significant increase of poor outcome 

inn treatment group (OR 1.18,95% CI 1.04/1.34). No significant effect was found in trials graded 

ass "moderate or poor quality trials". A separate analysis on length of follow-up (more or less 

thann 12 weeks) did not show any difference. 

Publicationn status 

AA very conspicuous difference in outcomes was present between the 15 trials that were 

officiallyy published in a peer-reviewed journal, and the 4 that were not or had only been published 

ass abstracts. The published trials did not show an overall effect of active treatment (OR 1.03, 

95%% CI 0.92/1.15) on poor outcome. Unpublished trials on the contrary were associated with a 

significantlyy deleterious effect of active treatment, the overall OR was 1.33 (95% CI 1.00/1.79). 

Orall  nimodipine, 120 mg, < 12 hours 

Forr poor outcome no difference was present between treatment and control (OR 1.01, 95% 

CII  0.80/1.28). For death, a non-significant decrease in death rate was associated with use of 

nimodipinee (OR 0.91, 95% CI 0.69/1.24). 

Thee results of these analyses are graphically displayed in the figures at the end of this chapter. 
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Discussion n 
Outcome Outcome 

Thiss systematic review of all available data failed to demonstrate a reduction in mortality and 

dependencyy after treatment with calcium antagonists in acute stroke, odds ratio 1.07, CI 0.97/1.18. 

Duee to the large amount of data (28 trials including 7521 patients) confidence intervals are narrow 

andd the overall result is therefore subject to limited statistical uncertainty. 

Ourr method of independent data collection by two raters has increased accuracy. Much of our 

dataa was based on original datasets. The majority of trials ware performed with the drug 

nimodipine.. Bayer Germany has provided results of the various trials. The original datasets 

weree often more complete than the published data. For example in 3 trials a significant number 

off  patients were excluded after randomisation and outcomes were not presented in the 

publication,UO;I13;1166 while data on these patients were available from the original dataset. 

Iff  more than one scale was available, the functional outcome scale with the smallest number 

off  missing values was selected. Although this has led to an increase in the number of used 

functionall  scales (4 different scales were used, if we consider the Rankin scale, Glasgow Outcome 

Scalee and Oxford Handicap scale to be more or less similar), the gainn in certainty of our results 

wass considered to be of more importance. Furthermore, within each trial, the control and 

interventionn groups were assessed with the same instrument. 

Inn some trials, data on functional outcome were missing. In most of those trials, similar 

numberss of patients with unrecorded functional status were found in treatment and control groups. 

Inn the present analysis, missing patients were considered to have reached an independent state. 

Inn a separate sensitivity analysis, we assigned all these missing patients to the functionally 

dependentt group. None of the resulting odds ratios changed significantly. 

Intravenouss administration of calcium antagonists was associated with a statistically significant 

increasedd risk of poor outcome. For nimodipine, data were available to analyse dose dependency, 

whichh appeared to be present. A higher dosage (2 mg/hr) led to a significant increase in the risk 

off  poor outcome compared to a dosage of 1 mg/hr, which again was associated with a non-

significantt increased risk of poor outcome as compared with placebo. When comparing different 

orall  dosages of nimodipine, 60 and 240 mg were associated with a nonsignificant increase in 

poorr outcome, 120 mg did not show any clear effect. 

Intriguingg are the findings regarding time interval between stroke onset and start of treatment. 

Basedd on a previous meta-analysis,47 we expected to find an improved outcome in the early 

treatedd group (defined as those treated within 12 hours after stroke onset). However, this was not 
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thee case. On the contrary, early treatment was associated with a non-significant increase in the 

riskk for poor outcome or death. When patients were treated late (> 12 hours after stroke onset), 

noo effect of nimodipine was seen on either poor outcome or death alone. Because intravenous 

administrationn is strongly associated with an unfavourable effect and Mohr et al only included 

trialss in which nimodipine was administered orally in a dosage of 120 mg a day, we performed 

aa similar subgroup analysis (oral administration, 120 mg/day, start within 12 hours). Our results 

doo not confirm the positive effect reported in the meta-analysis by Mohr et al. For poor outcome 

andd mortality alone no effect of nimodipine was found. Because more studies have become 

available,, our study contains data from a larger number of patients. Direct comparison of the 

resultss of the two meta-analyses is hampered by the absence of exact patient numbers in the 

variouss outcome categories in the paper of Mohr et al. 

Theree has been some debate about antithrombotic properties of some calcium antagonists.1"1102 

Wee found no influence of calcium antagonists on stroke recurrence or myocardial infarction. 

However,, the number of trials reporting these data adequately was low. This may be a result of 

inadequatee monitoring and reporting, also in none of the studies this was mentioned as an a 

priorii  hypothesis. 

AdverseAdverse events 

Adversee events were more frequent in the intervention group (8.7% versus 6.7%). About half 

off  the excess of adverse events in the active group was caused by thrombophlebitis due to 

intravenouss administration of flunarizine (after correction for differences in the size of active 

andd control group).The occurrence of hypotension (defined as episodes leading to cessation of 

drugg treatment) was mentioned in only five trials and was more frequent in the active treatment 

groupp (1.8% versus 1.2%). Very limited data on mean systolic blood pressure in three trials 

supportedd this. The difference was statistically significant, but very small. Bias may play a role 

here,, as studies wil l be more likely to present blood pressure data if imbalances occur. 

Methodology Methodology 

Thee quality of the included studies differs. Most trials were performed with an adequate 

design:: correct method of randomisation and concealment of treatment allocation, blinded 

assessmentt of outcome, and proper description of withdrawn patients. In some trial reports the 

actuall  method of randomisation or blinding was not properly described. It is possible that the 

designn of these trials was good, but the necessary information was lacking. However, the difference 

inn treatment effect between "good quality trials" and the "moderate and poor quality trials" was 

obvious. . 
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AA strong argument in favour of the presence of publication bias was found in our sensitivity 

analysiss concerning the relationship of publication status and treatment effect. While the published 

trialss showed no effect on poor outcome, unpublished trials without exception were associated 

withh a statistically significant worse outcome in the active treatment group. It is quite conceivable 

thatt more trials have remained unpublished, with perhaps similarly negative results. We are 

convincedd that trials have been performed that have not come to our knowledge. In fact, we have 

somee indications for the existence of these trials, from which we could not acquire further 

informationn (see "table of excluded studies"). 

Heterogeneity Heterogeneity 

Thee results are fairly homogeneous. In the overall analysis of death at end of follow-up as 

outcome,, there was heterogeneity between the flunarizine trials. Omitting the results of the 

FISTT study completely abolished this heterogeneity.51 In the analysis of mean systolic blood 

pressure,, the considerable heterogeneity could be completely reversed by deleting the German-

Austriann trial."4 In the analysis of intravenous dosage, heterogeneity was greatly reduced by 

leavingg out the Canwin study.1 '2 Also the heterogeneity in the analysis of publication status was 

largelyy caused by the Bridgers study.'l ' Heterogeneity was present in our main analysis on death 

andd dependency at end of follow-up. In view of alleged irregularities by Gelmers in the ESPS2 

trial,1555 we omitted the data of 2 trials performed by this same investigator to see whether this 

wouldd decrease heterogeneity.4243 Deleting the results of these trials led to a decrease in 

heterogeneityy in the analysis for death and dependency, in which the Gelmers 1984 trial (an 

"openn and single blinded" study) had the most substantial part. Therefore, we have evidence 

fromm our data that these studies systematically differ from the other studies. 

Heterogeneityy was strongly present in the adverse event analysis, caused by the results of the 

intravenouss flunarizine trial FIST.51 

ImplicationsImplications for practice 

Fromm our review it becomes clear that no evidence is available to justify the routine use of 

calciumm antagonists in patients with an acute stroke. 

ImplicaImplica tions f o r re sea rch 

Furtherr studies in acute ischaemic stroke with calcium antagonists acting on voltage sensitive 

calciumm channels do not seem to be justified. 
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Review::  Calciu m antagonist s for ischemi c strok e 
Comparisonn or Outcome 
Calciu mm antagonist s vs contro l in acute 
"ischaemic ""  stroke . 

Poorr outcome at end of follow up 
Deathh at end of follow up 
Deathh at end of treatment period 
Recurrencee of stroke at end of follow up 
Adversee events (all) during treatment period 
Hypotensionn during treatment period (reason tc 
Meann systolic blood pressure during or at end ( 

Calciu mm antagonist s vs control ; sensitivit y 
analysi s s 

Poorr outcome by route of administration 
Poorr outcome by dose: indirect comparisons 
Poorr outcome by dose: direct comparisons 
Poorr outcome by time of start of treatment 
Methodology:: randomisation, concealment 
Methodology:: publication status 
Orall Nimodipine, 120 mg, < 12 hours 

Petoo Odds Ratio 
(95%CI) ) 

WMDD (95%CI) 

Subgroupp analysis only 
Subgroupp analysis only 

Noo overall analysis 

Subgroupp analysis only 

.11 .2 55 10 -10 -5 10 0 
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Review ::  Calciu m antagonist s fo r ischemi c strok e 
Comparison ::  Calciu m antagonist s v * contro l in acut a "isehaemic "  stroke . 
Outcome ::  Poo r outcom e at en d of follo w up 

Exptt Ctrl Peto OR 
(95%CII Fixed) Study y 

Nimodipinee vs control 

Bogousslavskyy 1990 

Bridgerss 1991 

CANWINN 1993 

Gelmerss 1984 

Gelmerss 198B 

German-Austriann 19? 

Heisss 1990 

INN WEST 1990 

Kastee 1994 

Lowee 1989 

Martinez-Vilaa 1990 

Mohr1992 2 

NESTT 1993 

NIMPASS 1999 
Pacii 1989 

TRUSTT 1990 

VENUSS 1999 
Wimalaratnaa 1994 

Yordanovv 1984 
Subtotall (95%CI) 

n/N N 

22 / 3 0 

1033 / 1 3 8 

399 / 9 6 

22 129 

244 / 9 3 

600 / 2 3 9 

55 / 1 4 

1333 / 1 9 5 

444 / 1 7 6 

344 / 5 6 

188 / 8 1 

4755 / 800 

1977 / 4 3 7 

1 1 / 2 5 5 

22 / 19 

2755 / 607 

711 / 2 2 5 

577 / 1 4 6 

700 / 1 2 1 

16222 Z3527 

Ctrl l 
n/N N 

3 3 

43 3 

42 2 

12 2 
34 4 

63 3 

4 4 

54 4 

31 1 

23 3 

22 2 

155 5 

211 1 

10 0 

5 5 

257 7 

62 2 

28 8 

62 2 

1121 1 

/ 3 0 0 

/ 6 6 6 

/ 9 3 3 

/ 3 1 1 

/ 9 3 3 

/ 243 3 

/ 1 3 3 

/ 100 0 

/ 174 4 

/ 5 6 6 

/ 8 3 3 

/ 264 4 

/ 4 4 3 3 

/ 2 5 5 

/ 2 2 2 

/ 608 8 

/ 229 9 
/ 6 9 9 

/ 117 7 

Z2759 9 

Weight t 

% % 
0.3 3 

2.5 5 

3.1 1 

0.7 7 

2.7 7 

6.2 2 

0.4 4 

4.1 1 

4.0 0 

1.9 9 

2.0 0 

12.9 9 

14.7 7 

0.8 8 
0.4 4 

20.1 1 

6.3 3 

3.0 0 

4.0 0 

90.3 3 

Petoo OR 
(95%CII Fixed) 

0.65(0.11.4.00] ] 

11 59 [0.83.3.04] 

0.833 [0.47,1.48] 

0.177 [0.05,0.57] 

0.611 [0.33.1.13] 

0.966 [0.64,1.44] 

1,244 [0.26,5.96) 

1.844 [1.12,3.03) 

1 5 33 [0.92,2.55) 

2.18(1.04,4.56] ] 

0.79(0.39,1,62) ) 

1.03(0.77,1.36] ] 

0.90(0.69,1.18] ] 

1.17(0.39.3,57] ] 

0.433 [0.09,2.16] 

1.133 [0.90,1.42] 

1.24(0.83,1.86] ] 

0.944 [0.52,1.68] 

1.222 [0.73.2.03] 

1.077 [0.96.1.19] 

Chi-squaree 29.75 (df=18) Z=1.20 

Flunanzinee us control 

FISTT 1990 9 3 / 1 6 6 8 3 / 1 6 5 - r ~ — 5.6 1.26 [0.82,1.94] 

Limburgg 1990 3 / 1 2 8 / 1 4 < . r 0.4 0.28 [0.06,1.30] 

Subtotall (95%CI) 9 6 / 1 7 8 9 1 / 1 7 9 -im- 6.0 1.13(0.74,1.71] 

Chi-squaree 3.40 (df=1) Z=0.56 

Isradipinee vs control 
ASCLEPIOSS 1990 4 7 / 1 2 0 4 4 / 1 1 4 . 3.8 1.02 [0.61,1.73] 

Subtotall (95%CI) 4 7 / 1 2 0 4 4 / 1 1 4  3.8 1.02 [0.61,1.73] 

Chi-squaree 0.00 (df=0) Z=0.09 

Totall (95%CI) 1 7 6 5 / 3 8 2 5 1 2 5 6 / 3 0 5 2 » 100.0 1 0 7 [0.97,1.18] 

Chi-squaree 33.23 (df=21) Z=1.30 
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Review::  Calciu m antagonist s for  ischemi c strok e 
Comparison ::  Calciu m antagonist s vs contro l in acuta "ischaemic "  stroks . 
Outcome ::  Death at and of follo w up 

Study y 
Nimodipin ee vs contro l 
Bogousslavsk yy 1990 
Brkfger ss 1991 
CANN WIN 1993 
Caponn 1983 
Gelm«rss 1984 
Gelmerss 1986 
German-Austria nn 19Ï 
Heisss 1990 
INWESTT 1990 
Kastee 1994 
Lowee 1989 
Martinez-Vil aa 1990 
MohM992 2 
NESTT 1993 
NIMPASS 1999 

xPacii  1989 
xx Sherman 1986 
TRUSTT 1990 
Uzunur199 5 5 
VENUSS 1999 
Wimalaratn aa 1994 
Yordano vv 1984 

Subtota ll  (95%CI) 
Chi-squar ee 17.47 (df=19) 

Flunarizin ee vs contro l 
FISTT 1990 
Komhube rr  1993 
Limbur gg 1990 

Subtota ll  (95%CI) 

Expt t 
n/N N 

0 0 
37 7 
29 9 

1 1 
2 2 

16 6 
49 9 

5 5 
83 3 
29 9 
15 5 
15 5 

/30 0 
/138 8 
/96 6 
/30 0 
/29 9 
/93 3 
/239 9 
/14 4 
/195 5 
/176 6 
/56 6 
/81 1 

1200 /800 
1055 / 437 

33 /25 
00 /19 
00 /11 

1733 /607 
6 6 

30 0 
40 0 
44 4 

/SO O 
1225 1225 
/146 6 
/121 1 

8022 /3618 
Z=0.96 6 

59 9 
25 5 

3 3 
87 7 

/166 6 
/215 5 
/12 2 
/393 3 

Ctrl l 
n/N N 

11 /30 
122 /66 
333 /93 
22 /30 
55 /31 

277 /93 
455 /243 
44 /13 

333 /100 
222 /174 
122 /56 
200 /83 
422 /264 

1033 /443 
33 /25 
00 /22 
00 /11 

1500 /608 
77 /50 

322 /229 
244 /69 
366 /117 

6133 /2850 

411 M65 
200 /218 
55 /14 

666 /397 

Petoo OR 
(95%CII Fixed) 

< - — — 

< < 
< < 

- i - ^ — — 

 1 

—  1 

— - ^ ^ 
ii -

—u— — 
— i i 't 't 

Weight t 

% % 
0.1 1 
2.8 8 
3.6 6 
0.2 2 
0.5 5 
2.8 8 
6.5 5 
0.5 5 
5.4 4 
3.7 7 
1.8 8 
2.4 4 
8.8 8 
13.6 6 
0.5 5 
0.0 0 
0.0 0 

20.3 3 
1.0 0 
4.6 6 
3.4 4 
4.6 6 
87.1 1 

Petoo OR 
(95%CII Fixed) 

0.144 [0.00.6.82] 
1.60(0.81,3.18] ] 
0.799 [0.43,1.44] 
0.500 [0.05,5.02] 
0.411 [0.09,1.98] 
0.522 [0.26,1.02] 
1.13(0.72,1.78] ] 
1.24(0.26,5.96] ] 
1.49(0.91,2.44] ] 
1.36(0.75,2.46] ] 
1.34(0.56,3.17] ] 
0.72(0.34,1.51] ] 
0.93(0.63,137] ] 
1.04(0.77,1.42] ] 
1.00(0.18,5.41] ] 
Nott  Estimabl e 
Nott  Estimabl e 
1.22(0.94,1.57] ] 
0.844 [0.26,2 68] 
0.95(0.55,1.62] ] 
0.70(0.38,1.31] ] 
1.288 [0.75,2.20] 
1.066 [0.94,1.20] 

6.0 0 
3.5 5 
0.5 5 
9.9 9 

1.66(1.04,2.65] ] 
1.30(0.70,2.41] ] 
0.62(0.12,3.17] ] 
1.45(1.01.2.09] ] 

Chi-squar ee 1.48 (df=2) Z=2 01 

Isradipin ee vs contro l 
ASCLEPIOSS 1990 21 /120 

Subtota ll  (95<*CI) 21 /120 
Chi-squar ee 0.00 (df=0) Z=0.17 

199 /114 
199 /114 

2.8 8 
2.8 8 

1.06(0.54,2.09] ] 
1.06(0.54,2.09] ] 

Anyy other agent vs contro l 
xLis kk 1993 0 / 5 
Oczkowsk ii  1989 1 / 9 

Subtota ll  (95%CI) 1 /14 
Chi-squar ee 0.00 (df=0) Z=0.08 

00 16 
11 /10 
11 /16 

0.0 0 
->> 0.2 
->> 0.2 

Nott  Estimabl e 
1.12(0.06,19.45] ] 
1.12(0.06,19.45] ] 

Totall  (95%CI) 911 /4145 
Chi-squar ee 21.50 (df=24) Z=1.56 

100.00 1.10(0.98,1.23] 
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Review ::  Calciu m antagonist s fo r ischemi c strok e 
Comparison ::  Calciu m antagonist s vs contro l in acut a "ischaemic "  stroke . 
Outcome ::  Daath at and o f treatmen t perio d 

Stud y y 

Nimodipin ee vs contro l 
xBogousslavsk yy 1990 

CANN WIN 1993 
German-Austria nn 19Ï 

Heis ss 1990 
INN WEST 1990 
Kast ee 1994 

Low ee 1989 
Martinez-Vil aa 1990 

Mohrr  1992 
NESTT 1993 

NIMPASS 1999 
xPac ii  1989 
xx Sherma n 1986 

TRUSTT 1990 

VENUSS 1999 
Subtota ll  (95%CI) 
Chi-squar ee 12.17 (df=11) 

Flunarizin ee vs contro l 

FISTT 1990 
Komhube rr  1993 
Limbur gg 1990 

Subtota ll  (95%CI) 

Expt t 
n/N N 

0 0 

26 6 
14 4 

3 3 

46 6 
18 8 
14 4 

12 2 

/ 3 0 0 

/ 9 6 6 
/ 2 3 9 9 
/ 1 4 4 

/ 1 9 5 5 
M 7 6 6 
/ 5 6 6 

/ 8 1 1 
1177 / 800 

61 1 
3 3 
0 0 

0 0 
81 1 
14 4 

409 9 

Z=0.21 1 

40 0 

25 5 
2 2 

67 7 

/ 437 7 

/ 2 5 5 
/ 1 9 9 
/ 1 1 1 

/607 7 
/ 225 5 
/3011 1 

/166 6 

/ 215 5 
/ 1 2 2 
/ 393 3 

Ctr l l 
n/N N 

00 / 3 0 

30 0 

21 1 
1 1 

18 8 

6 6 
12 2 
14 4 

40 0 
65 5 

3 3 
0 0 
0 0 

75 5 

20 0 
305 5 

28 8 
20 0 

4 4 

52 2 

/ 9 3 3 

/ 2 4 3 3 
/ 1 3 3 
MOO O 
/174 4 

/ 5 6 6 
/ 8 3 3 

/264 4 
/ 443 3 
/ 2 5 5 

/ 2 2 2 
// 11 
/ 608 8 

/ 2 2 9 9 
Z2394 4 

/ 165 5 
/ 218 8 
/ 1 4 4 

/ 397 7 

Petoo OR 
(95%CII Fixed ) 

Weigh t t 

% % 
0.0 0 
5.7 7 

4.7 7 
0.5 5 
6.5 5 

3.2 2 

2.9 9 

3.2 2 
14.3 3 
15.5 5 

0.8 8 
0.0 0 
0 0 0 

19.5 5 
4.5 5 
81.2 2 

Petoo OR 
(95%CII Fixed ) 

Nott  Estimabl e 
0.78(0.42,1.46] ] 

0.666 [0.33,1.32] 
2.855 [0.35,22.95] 
1.399 [0.77,2.49] 

2.888 [1.26,6.59] 

1.222 [0.51,2.92] 

0.866 [0.37.1.98] 
0.966 [0.65,1.42] 
0.944 [0.65,1.38] 

1.00(0.18,5.41] ] 
Nott  Estimabl e 

Nott  Estimabl e 
1.099 [0.78.1.53] 
0.700 [0.35,1.40] 
11 02 [0.86,1 20] 

7 8 8 
5.8 8 
0.7 7 
14.2 2 

1.555 [0.91.2.63] 
1.30(0.70,2.41] ] 
0.522 [0.09,3.16] 
1.377 [0.92,2.03] 

Chi-squar ee 1 32 (df=2) Z=1 56 

Anyy othe r agen t us contro l 
ASCLEPIO SS 1990 19 / 120 

Oczkowsk ii  1989 1 / 9 
Subtota ll  (95%CI) 20 / 1 2 9 
Chi-squar ee 0 00 (df=1) 2=0.39 

166 /114 
11 / 1 0 

177 / 124 

4.3 3 

- ** 0.3 
4.6 6 

1.155 [0.56,2.36] 
1.122 [0.06,19.45] 
1.155 [0.57,2.30] 

Tota ll  (95%CI) 496 / 3533 
Chi-squar ee 15 39 (df=16 ) Z=0.86 

1.077 [0.92,1.24] 

Review ::  Calciu m antagonist s fo r ischemi c strok e 
Comparison ::  Calciu m antagonist s vs contro l in acut e "ischaemic "  stroke . 
Outcome ::  Recurrenc e of strok e at end of follo w up 

Stud y y 

Nimodipin ee vs contro l 

xBogousslavsk yy 1990 
Kast ee 1994 
Low ee 1989 
Moh rr  1992 
NIMPASS 1999 

xPac ii  1989 
Subtota ll  (95%CI) 
Chi-squar ee 5.44 (df=3 ) Z=0.11 

Expt t 
n/N N 

00 / 3 0 

55 / 176 
44 / 5 6 

244 / 8 0 0 
00 / 2 5 

00 / 1 9 
333 /1106 

Ctr l l 
n/N N 

00 / 3 0 
77 / 1 7 4 
11 / 5 6 

77 / 2 6 4 
33 / 2 5 
00 / 2 2 

188 / 5 7 1 

Petoo OR 
(95%CII Fixed ) 

Veigh t t 

% % 
0.0 0 

19.0 0 
7.9 9 
36.7 7 
4.7 7 

0.0 0 
68.2 2 

Petoo OR 
(95%CII Fixed ) 

Nott  Estimabl e 

0.700 [0.22.2,21] 
3.477 [0.58,20.71] 
1.13(0.49,2.59] ] 

0.122 [0.01,1.25] 
Nott  Estimabl e 
0.977 [0.53,1.771 

Flunarizin ee vs contro l 
FISTT 1990 3 / 166 

Komhube rr  1993 6 / 2 1 5 

Subtota ll  (95%CI) 9 /381 
Chi-squar ee 0.08 (df=1 ) Z=0.44 

33 /165 

88 / 218 

111 /3B 3 

9.6 6 

22.2 2 

31.8 8 

0.999 [0.20,4.99] 
0.766 [0.26,2.19] 
0.822 [0.34,2.00] 

Anyy othe r agen l vs contro l 
xOczkowsk ii  1989 0 / 9 

Subtota ll  (95%CI) 0 / 9 
Chi-squar ee 0.00 (df=0 ) Z=0.00 

00 / 1 0 

00 / 1 0 

0.0 0 
0.0 0 

Nott  Estimabl e 
Nott  Estimabl e 

Tota ll  (95%CI) 4 2 / 1 4 9 6 2 9 / 9 6 4 

Chi-squar ee 5.60 (df=5 ) Z=0.33 

100.00 0.92 [0.56,1.52] 
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Review::  Calciu m antagonist s for ischemi c strok e 
Comparison ::  Calciu m antagonist s vs contro l in acute "ischaemic "  stroke . 
Outcome ::  Advers e events (all) durin g treatmen t perio d 

Ctrll  Peto OR 
n/NN (95%CI Fixed) Stud y y 

Nimodipin ee vs contro l 

Bogousslavsk yy 1990 
Gelmer ss 1988 

German-Austria nn 19E 

Kast ee 1994 
Low ee 1989 
Martinez-Vil aa 1990 

Mohr199 2 2 
NESTT 1993 

xNIMPAS199 9 9 
Padd 1989 
TRUSTT 1990 
VENUSS 1999 

Subtota ll  (95%CI) 

Expt t 
n/N N 

33 / 3 0 
44 / 9 3 

177 / 239 

55 / 176 
33 / 5 6 

66 / 8 1 
944 / 800 

400 / 437 

00 / 2 5 
11 / 1 9 

133 / 607 
166 /225 

2022 Z2788 1 
Chi-squar ee 12.46 (df= 10) Z=0.36 

Flunarizin ee vs contro l 
FISTT 1990 54 / 166 

Subtota ll  (95%CI) 54 /166 
Chi-squar ee 0.00 (df=0) Z=4.92 

Anyy other agent vs contro l 
Subtota ll  (95%CI) 0 10 
Chi-squar ee 0.00 (df=0) Z=0.00 

44 /30 
55 /93 

144 /243 
00 /174 
44 /56 
22 /83 

322 /264 
477 /443 

00 /25 
00 /22 

233 /608 
155 /229 

146146 /2270 

177 /165 
177 /165 

Weigh t t 

% % 
1.8 8 

2.5 5 
8.4 4 
1.4 4 

1.9 9 
2.2 2 
24.0 0 

22.7 7 
0.0 0 
0.3 3 

10.1 1 
8.4 4 

83.8 8 

Petoo OR 
(95%CII Fixed ) 

0.73(0.15,3.47] ] 
0.79(0.21,3.02] ] 

1.25(0.60,2.59] ] 
7.48(1,28,43.59] ] 
0.74(0.16,3.39] ] 

2.92(0.71,12.03] ] 
0.97(0.63,1.48] ] 
0.85(0.55,1.32] ] 

Nott  Estimabl e 
8.655 [0.17,440.73] 

0.57(0.29,1.10] ] 

1.09(0.53,2.26] ] 
0.96(0.76,1.21] ] 

16.2 2 
16.2 2 

3.73(2.21,6.29] ] 
3.73(2.21,6.29] ] 

Nott  Estimabl e 

Totall  (95%CI) 256 / 2954 
Chi-squar ee 34.07 (df=11) Z=1.65 

r» » 

Review::  Calciu m antagonist s for ischemi c strok e 
Comparison ::  Calciu m antagonist s vs contro l in acute "ischaemic "  stroke . 
Outcome ::  Hypotensio n durin g treatmen t perio d (reason to stop treatment ) 

Exptt  Ctrl Peto OR 
Studyy n/N n/N (95%CI Fixed) 
Nimodipin ee vs contro l 
Bogousslavsk yy 1990 1/30 
German-Austria nn 19E 3/239 
Martinez-Vil aa 1990 2 / 81 
NESTT 1993 7 /437 
VENUSS 1999 5 /225 

Subtota ll  (95%CI) 18 /1012 
Chi-squar ee 3.60 (df=4) Z=0.57 

Anyy other agent vs contro l 
Oczkowsk ii  1989 2 /9 

Subtota ll  (95%CI) 2 / 9 
Chi-squar ee 0.00 (df=0) Z=1.53 

Totall  (95%CI) 20 /1021 
Chi-squar ee 5.44 (df=5) Z=0.91 

100.00 1.19 [0.97,1.47] 

33 /30 
33 /243 
22 /83 
22 /443 
55 /229 

155 /1028 

00 M0 
00 /10 

.11 .2 1 
Review ::  Calciu m antagonist s for ischemi c strok e 
Comparison:Comparison:  Calciu m antagonist s vs contro l in acut e "ischaemic "  stroke . 
Outcome ::  Mean systoli c bloo d pressur e durin g or at end of treatmen t 

Exptt  Expt Ctrl Ctrl 
Studyy  n mean(sd ) n mean(sd ) 
Nimodipin ee vs contro l 

Bogousslavsk yy 1 30 134.00(24.00) 30 141.00(16.00) 
German-Austria nn 225 132.00(4.00) 222 134.00(4.00) 
Martinez-Vil aa 19! 58 139.00(9.00) 65 138.00(9.00) 

Subtota ll  (95%CI) 313 317 
Chi-squar ee 4.18 (df=2) Z=5.09 

WMD D 
(95%CII Fixed ) 

Weigh t t 

% % 
11.1 1 
17.3 3 

11.5 5 
26.0 0 
28.6 6 
94.5 5 

Petoo OR 
(95%CII Fixed ) 

0.355 [0.05,2.61] 

1.02(0.20,5.08] ] 
1.03(0.14,7.41] ] 
3.111 [0.84,11.56] 

1.02(00 29,3.56] 
1.22(0.61,2.43] ] 

55 5 
5.5 5 

9.35(0.54,162.63] ] 
9.355 [0.54,162.63] 

1.377 [0.70,2.67] 

Weigh tt  WMD 
%% (95%CI Fixed ) 

0.55 -7.000 [-17.322,3.322] 
94.44 -2.000 [-2.742,-1.258] 
5.11 1.000 [-2.186,4.186] 

100.00 -1.871 [-2.592,-1.150] 

Totall  (95%CI) 313 
Chi-squar ee 4.18 (df=2) Z=5.09 

317 7 100.00 -1.871 [-2.592,-1.150] 

-10 0 10 0 
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Review ::  Calciu m antagonist s fo r ischemi c strok e 
Comparison ::  Calciu m antagonist s vs control ; sensitivit y analysi s 
Outcome ::  Poo r outcom e by rout e of administratio n 

Study y 

Orall administration 
Bogousslavskyy 1990 

Gelmerss 1984 

Gelmerss 1988 
German-Austriann 19E 

Kastee 1994 

Lowee 1989 

Martinez-Vilaa 1990 

Mohrr 1992 

NESTT 1993 

NIMPASS 1999 

Pacii 1989 

TRUSTT 1990 

VENUSS 1999 
Wimalaratnaa 1994 

Subtotall (95%Cl) 

Expt t 
n/N N 

22 / 3 0 

22 / 2 9 

244 / 9 3 

600 / 2 3 0 

444 / 1 7 6 

344 / 5 6 

188 / 8 1 

4755 / 800 

1977 / 437 

1 1 / 2 5 5 

22 / 19 

2755 / 607 

711 / 225 

577 / 146 
12722 /2954 

Ctrl l 
n/N N 

3 3 

12 2 

34 4 

63 3 

31 1 

23 3 

22 2 

155 5 

211 1 

10 0 

5 5 
257 7 

62 2 
28 8 

/ 3 0 0 

/ 3 1 1 

/ 9 3 3 

/ 2 4 3 3 

/ 174 4 

/ 5 6 6 

/ 8 3 3 

/ 264 4 

/ 443 3 

/ 2 5 5 

/ 2 2 2 

/ 608 8 

/ 229 9 

/ 6 9 9 

9166 /2370 

Veight t 

% % 
0.4 4 

1.0 0 

3.5 5 

8.0 0 

5.2 2 

2.5 5 

2.7 7 

16.9 9 

19.3 3 

1.1 1 

0.5 5 

26.4 4 

8.3 3 

4.0 0 
100.0 0 

PetOO OR 
(95%CII Fixed) 

0.655 [0.11,4.00] 

0.177 [0.05,0.57] 

0.611 [0.33,1.13] 

1.011 [0.67,1.52] 

1.53(0.92,2.55] ] 

2.188 [1.04,4.56] 

0.799 [0.39,1.62] 

1.033 [0.77,1.36] 

0.90(0.69,1.18} } 

1.177 [0.39,3.57] 

0.433 [0.09,2.16] 

11 13(0.90,1.42] 

1.24(0.83,1.86] ] 

0.944 [0.52.1.68] 

1.033 [0.92,1.16] 

Chi-squaree 22.17 (df=13) Z=0.51 

Intravenouss administration 

ASCLEPIOSS 1990 47 / 1 2 0 

Bridgerss 1991 103 / 138 

CANWINN 1993 39 / 96 

FISTT 1990 93 / 166 

Heisss 1990 5 / 14 

INWESTT 1990 133 / 195 

Limburgg 1990 3 / 1 2 

Yordanovv 1984 7 0 / 1 2 1 

Subtotall (95%CI) 493 / 862 

Chi-squaree 8.92 (df=7) Z=1.88 

444 / 114 

433 / 6 6 

422 / 9 3 

833 / 165 

44 / 1 3 

544 / 100 

88 /14 
622 /117 

3400 / 682 

Orall vs. intravenous administration (outcome death) 

Chandraa 1995 3 / 7 1 0 / 7 2 

Subtotall (95%CI) 3 / 7 1 0 / 7 2 

Chi-squaree 0.00 <df=0) Z=1.76 

15.7 7 

10.3 3 

13.1 1 

23.3 3 

1.8 8 

17,3 3 

1.8 8 

16.6 6 

100.0 0 

1.022 [0 61,1.73] 

1.599 [0.83,3.04) 

0.833 [0.47,1.48] 

1.266 [0.82,1.94] 

11 24 [0.26,5.96] 

11 84(1.123.03] 

0.28(0.06.1.30] ] 

1.22(0.73,2.03] ] 

1.22(0.99.1.50] ] 

|| 100.0 

>** 100.0 

7.711 [0.79,75.36] 
7.711 [0 79,75.36] 
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Review::  Calciu m antagonist s for  ischemi c strok e 
Comparison ::  Calciu m antagonist s vs control ; sensitivit y analysi s 
Outcome ::  Poor outcom e by dose : indirec t comparison s 

Exptt  Ctrl 
Studyy n/N n/N 
Nimodipin ee 60 mg vs contro l oral 
Mohr19922 168/265 155/264 

Subtota ll  (95%CI) 168/265 155/264 
Chi-squar ee 0.00 (df=0) Z=1.10 

Nimodipin ee 120 mg vs contro l oral 
Bogousslavsk yy 1990 
Gelmers19B 4 4 
Gelmer ss 1988 
German-Austria nn 19? 

Kast ee 1994 

Low ee 1989 
Martinez-Vil aa 1990 
Mohrr  1992 

NESTT 1993 
NIMPAS199 9 9 
Padd 1989 
TRUSTT 1990 

VENUSS 1999 
Wimalaratn aa 1994 

Subtota ll  (95%CI) 
Chi-squar ee 22.61 (df=13 ) 

22 / 3 0 
22 / 2 9 

244 / 9 3 

600 / 2 3 0 
311 / 1 7 6 
344 / 5 6 

188 / 8 1 
1577 / 2 6 8 
1977 / 4 3 7 

1 1 / 2 5 5 
22 / 1 9 

2755 / 6 0 7 
711 / 2 2 5 

299 / 7 3 
9133 /2349 

Z=0.34 4 

Nimodipin ee 240 mg vs contro l oral 
Mohr199 22 170/267 
Wimalaratn aa 1994 28 / 73 

Subtota ll  (95%CI) 198 / 340 
Chi-squar ee 0.61 (df=1> Z=0.91 

Nimodipin ee 2 mg/hr vs contro l intravenou s 
Bridgers199 11 62 /75 
CANWIN19933 39 /96 
Heisss 1990 5 /14 
INN WEST 1990 70 /95 

Subtota ll  (95%Ci) 176/280 
Chi-squar ee 19.31 (df=3) Z=3.92 

Nimodipin ee 1 mg/hr vs contro l intravenou s 
6ridgers199 11 41 /63 
INN WEST 1990 63/100 

Subtota ll  (95%CI) 104 /163 
Chi-squar ee 0.64 (df=l ) Z=1.01 

33 /30 
122 /31 
344 /93 
633 /243 
444 /174 
233 /56 
222 /83 

1555 /264 
2111 /443 
100 /25 
55 /22 

2577 /608 
622 /229 
288 /69 

9299 /2370 

1555 /264 
288 /69 
1833 /333 

277 /66 
422 /93 
44 /13 
544 /100 
1277 /272 

433 /66 
544 /100 
977 /166 

Petoo OR 
(95<KCII Fixed) 

t t 

Weight t 
% % 

100.0 0 
100.0 0 

78.7 7 
21.3 3 
100,0 0 

37.7 7 
62.3 3 
100.0 0 

Petoo OR 
(95%CII Fixed) 

1.222 [0.86,1.73] 
1.222 [0.86,1.73) 

0.4 4 
1.0 0 
3.8 8 

8.6 6 
5.6 6 
2.7 7 

2.9 9 
12.2 2 
20.7 7 

1.2 2 
0.6 6 

28.3 3 
8.9 9 

3.2 2 
100.0 0 

00 65 [0 11,4.00] 

0.177 [0.05,0.57] 
0.611 [0.33,1.13] 

1.011 [0.67,1.52] 
0.633 [0.38,1.06] 
2.18(1.04,4.56] ] 
0.799 [0.39,1.62] 

0.999 [0.70,1.40] 
0.900 [0.69,1.18] 
1.177 [0.39,3.57] 

0.433 [0.09,2.16] 
1.133 [0.90,1.42] 
1.244 [0.83,1.86] 

0.977 [0.49.1.88] 
0.988 [0.87,1.10] 

1.233 [0.87,1.75] 
0.911 [0.47,1.78] 
1.166 [0.85,1.57] 

25.1 1 
35.5 5 
4.7 7 

34.6 6 
100.0 0 

5.944 [3.00,11.76 

0.833 [0.47,1.48] 
1.24(0.26,5.96] ] 

2.33(1.30,4.17] ] 
1.98(1.41,2.79] ] 

1.00(0.48,2.05] ] 
1.45(00 83,2.53] 
1.26(0.81,1.96] ] 

Review::  Calciu m antagonist s for  ischemi c strok e 
Comparison ::  Calciu m antagonist s vs control ; sensitivit y analysi s 
Outcome ::  Poor outcom e by dose : direc t comparison s 

Exptt  Ctrl 
Studyy n/N n/N 
Nimodipin ee 60 mg vs. 120 mg oral 
M0hr19922 168/265 157/268 

Nimodipin ee 60 mg vs. 240 mg oral 
Mohrr  1992 1688 /265 

Nimodipin ee 120 mg vs 240 mg oral 
Mohrr  1992 157 /268 
Wimalaratn aa 1994 29 /73 

Nimodipin ee 1 vs 2 mg/hr intravenou s 
Bridger ss 1991 41 /63 
INWESTT 1990 63 /100 

1700 /267 

1700 /267 
28 8 

62 2 
70 0 

/73 3 

/75 5 
/95 5 

Petoo OR 
(95%CII Fixed) 

Weight t 
% % 

Petoo OR 
<95%CII Fixed) 

1.222 [0.86,1.73] 

0.999 [0.69,1.41] 

0.811 [0.57,1.14] 
1.066 [0.55,2.05] 

0.40(0.18.0.86] ] 
0.611 [0.34,1.12] 
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Review ::  Calciu m antagonist s fo r ischami c strok e 
Comparison ::  Calciu m antagonist s vs control ; sensitivit y analysi s 
Outcome ::  Poo r outcom e by tim e of star t o f treatmen t 

Study y 

Treatmentt started <= 12 hrs 

ASCLEPIOSS 1990 

Bridgerss 1991 

CANWINN 1993 

FISTT 1990 

Gelmerss 1988 
German-Austriann 195 

Heisss 1990 
INWESTT 1990 

Kastee 1994 

Limburgg 1990 

Lowee 1989 

Mohr1992 2 

NESTT 1993 

NIMPASS 1999 

P a dd 1989 

TRUSTT 1990 

VENUSS 1999 
Wimalaratnaa 1994 

Subtotall <95%CI) 

Chi-squaree 20.11 (df=17) Z 

Treatmentt started > 12 hrs 

xASCLEPIOSS 1990 

Bridgerss 1991 

CANWINN 1993 

FISTT 1990 

Gelmerss 1988 
German-Austriann 195 

Heisss 1990 

INWESTT 1990 

Kastee 1994 
Limburgg 1990 

Lowee 1989 

Mohrr 1992 

NESTT 1993 

TRUSTT 1990 

Wimalaratnaa 1994 

Subtotall (95%CI) 
Chi-squaree 31.69 (df= 13) Z 

Expt t 
n/N N 

500 M 2 0 

599 / 8 1 

44 / 1 0 

444 / 7 8 

1 1 / 4 8 8 

1 1 / 3 6 6 

11 / 1 

677 / 9 6 
177 / 5 4 

33 n 
33 / 5 

755 / 1 1 6 

388 M 0 2 

111 / 2 5 

22 / 1 9 

422 / 8 7 

711 / 225 

144 / 3 7 

5233 / 1147 

== 1.33 

00 /o 
444 / 5 7 

355 / 8 6 

477 / 8 3 

1 1 / 3 9 9 

277 / 112 

44 / 1 1 

666 / 9 9 

144 / 122 

00 / 5 

244 / 5 1 

3955 / 684 

1599 / 3 3 4 

2300 / 520 

433 / 107 

10999 / 2310 

=0.03 3 

cm m 
n/N N 

44 4 

23 3 
9 9 

46 6 

18 8 
5 5 

0 0 

24 4 

/ 113 3 

/ 3 8 8 

/ 1 4 4 

/ 8 8 8 

/ 4 4 4 

/ 2 8 8 

/ 1 1 

/ 4 7 7 

99 / 5 1 

1 1 

2 2 

23 3 

40 0 

10 0 

5 5 

35 5 

62 2 

8 8 

/ 5 5 

/ 3 3 

/ 3 6 6 

/ 8 5 5 

/ 2 5 5 

/ 2 2 2 

/ 7 8 8 

/ 2 2 9 9 

/ 1 8 8 

3644 / 925 

00 / 1 

200 / 2 8 

322 / 7 8 

344 / 7 3 

122 / 4 1 

499 / 127 

4 / 1 1 1 

299 / 5 2 

355 / 123 

77 / 9 

166 / 5 3 

1300 / 2 2 8 

1711 / 358 

2188 / 529 

200 / 5 1 

7777 /1762 

Petoo OR 
(95%CII Fixed) 

Weight t 
% % 

T" " 

4.2 2 

1.7 7 

0.4 4 

3.1 1 

1.5 5 

0.9 9 

0.1 1 

2 2 2 

1.5 5 

0.2 2 

0.1 1 

1.9 9 

3.4 4 

0.9 9 

0 4 4 

3.1 1 

7.0 0 

0.9 9 

33.4 4 

Petoo OR 
(95%CII Fixed) 

1.122 [0.66 

1.777 [0.77 

0.399 [0,08 

1.188 [0.64 

0.444 [0.18 

1.955 [0.63 

7.399 [0.15 

2.233 [1.08 

2.099 [0.86 

2.577 [0.25 

0.788 (0.05 

1.03(0.47 7 

0.677 [0.37 

1.17(0.39 9 

0.433 [0.09 

1.155 [0.62 

1.244 [0.83 

0.766 [0.24 

1.133 [0.94 

1.89] ] 

4.05] ] 

1.93] ] 
.2.17] ] 
,1.05] ] 

,6.04] ] 
,372.41] ] 
4.60] ] 
5.04] ] 
26.41] ] 
.12.39] ] 
,2.25] ] 
,1.20] ] 
,3.57] ] 
2.16] ] 

.2.11] ] 
,186] ] 
,2.38] ] 

,1.36] ] 

0.0 0 

1.1 1 

3.0 0 

2.9 9 

1.2 2 

3.9 9 
0 4 4 

2.4 4 

2.9 9 

0.3 3 

1.8 8 

12.4 4 

12.8 8 

19.1 1 

2.5 5 

66.6 6 

Nott Estimable 

1.366 [0.48,3.85) 

0.99(0.53,1.84] ] 

1.499 [0.80,2.79] 

0.955 [0.36,2.49] 

0.511 [0.30,0.89] 

1.000 [0.18,5.46] 
1.599 [0.80,3.18] 

0.355 [0.19,0.65] 

0.066 [0.01,0.46] 

2.033 [0.92,4.45] 

1.03(0.76,1.40] ] 

0.999 [0.74,1.34] 

1.133 (0.89,1,44) 

1.04(0.53,2.05] ] 

11 00(0.88,1.14] 

Totall (95%Ct) 1622 / 3457 

Chi-squaree 52.95 (df=31) Z=0.79 

100.00 1.04(0.94,1.16] 

70 0 
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Review::  Calciu m antagonist s for  isehaini c strok e 
Comparison ::  Calciu m antagonist s vs control ; sensitivit y analysi s 
Outcome ::  Methodology : randomisation , concealmen t 

Study y 
Expt t 
n/N N 

Poorr  outcom e in good qualit y trial s 
ASCLEPIOSS 1990 47/120 
CANN WIN 1993 
FISTT 1990 
Heisss 1990 
INN WEST 1990 
Kastee 1994 
Limbur gg 1990 
Lowee 1989 
Mohr199 2 2 
NIMPASS 1999 
TRUSTT 1990 
VENUSS 1999 

Subtota ll  (95%CI) 

399 /96 
933 /166 
55 /14 

1333 /195 
444 /176 
33 /12 

344 /56 
4755 /800 
111 /25 

2755 /607 
711 /225 

12300 /2492 
Chi-squar ee 12.96 (df=11) Z=2.50 

Poorr  outcom e in moderat e qualit y trial s 
Bogousslavsk yy 1990 2 /30 
Gelmerss 1988 24 / 93 
German-Austria nn 19( 60/239 
Martinez-VH aa 1990 18 /81 
NESTT 1993 197/437 
Paci19899 2 / 1 9 
Wimalaratn aa 1994 57 /146 

Subtota ll  (95%Ci) 360/1045 
Chi-squar ee 2.53 (df=6) Z=1.51 

Poorr  outcom e in poor qualit y trial s 
Bridget ss 1991 103/138 
Gelmerss 1984 2 / 2 9 
Yordano vv 1984 70 /121 

Subtota ll  (95%CI) 175/288 
Chi-squar ee 10.66 (df=2) Z=0.46 

Ctrl l 
n/N N 

Petoo OR 
(95%CII Fixed) 

444 /114 
422 /93 
833 /165 
44 M3 

544 /100 
311 /174 
88 /14 

233 /56 
1555 /264 
100 /25 

2577 /608 
622 /229 

7733 /1855 

33 /30 
344 /93 
633 /243 
222 /83 

2111 /443 
55 /22 

288 /69 
366366 /983 

433 /66 
122 /31 
622 /117 

1177 /214 

<<

--

<<

44

Weight t 

% % 
3.8 8 
3.1 1 
5.6 6 
0.4 4 
4.1 1 
4.0 0 
0.4 4 
1.9 9 
12.9 9 
0.8 8 
20.1 1 
6.3 3 
63.5 5 

Petoo OR 
(95%CII Fixed) 

1.022 [0.61.1.73] 
0.833 [0.47,1.48] 
1.266 [0.82,1.94] 
1.244 [0.26,5.96] 
1.844 [1.12.3.03] 
1.533 [0.92,2.55] 
0.288 [0.06,1.30] 
2.188 [1.04.4.56] 
1.033 [0.77,1.36] 
1.177 [0.39,3.57] 
1.133 [0.90,1.42] 
1.244 [0.83,1.86] 
1.18(1.04,1.34] ] 

0.3 3 
2.7 7 
6.2 2 
2.0 0 
14.7 7 
0.4 4 
3.0 0 
29.4 4 

0.655 [0.11,4.00] 
0.611 [0.33,1.13] 
0.966 [0.64,1.44] 
0.799 [0.39,1.62] 
0.900 [0.69,1.18] 
0.433 [0.09,2.16] 
0.944 [0.52,1.68] 
0.877 [0.72,1.04] 

2.5 5 
0.7 7 
4.0 0 
7.2 2 

1.599 [0.83,3.04] 
0.17(0.05,0.57] ] 
1.222 [0.73,2.03] 
1.09(0.75,1.60] ] 

Totall  (95%CI) 1765/3825 
Chi-squar ee 33.23 (df=21) Z=1.30 

100.00 1.07(0.97,1.18] 
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Review ::  Calciu m antagonist s for  ischemi c strok e 
Comparison ::  Calciu m antagonist s vs control ; sensitivit y analysi s 
Outcome ::  Methodology : publicatio n statu s 

Expt t 
Studyy n/N 
Poorr outcome in published trials 

Bogousslavsk yy 1990 

CANN WIN 1993 
FISTT 1990 
Gelmer ss 1984 

Gelmer ss 1988 
German-Austria nn 19£ 

Heis ss 1990 
INWESTT 1990 
Kast ee 1994 
Limbur gg 1990 

Martinez-Vil aa 1990 

Moh rr  1992 
NESTT 1993 

NIMPASS 1999 
Pacii  1989 

TRUSTT 1990 
Wimalaratn aa 1994 

Subtota ll  (95%CI) 

2 2 
39 9 
93 3 

2 2 

24 4 
60 0 

5 5 
133 3 
44 4 

3 3 

18 8 
475 5 
197 7 

11 1 
2 2 

275 5 
57 7 

1440 0 

/ 3 0 0 

/ 9 6 6 
M 6 6 6 
/ 2 9 9 

/ 9 3 3 
/ 2 3 0 0 
/ 1 4 4 

/ 1 9 5 5 
/ 176 6 
M 2 2 

/ 8 1 1 
/ 8 0 0 0 
/ 437 7 

/ 2 5 5 
/ 1 9 9 
/607 7 

/ 146 6 
/ 3156 6 

Chi-squaree 26 73 (df=16) Z=047 

Poorr outcome in unpublished trials 

Ctr l l 
n/N N 

3 3 

42 2 
83 3 
12 2 
34 4 

63 3 
4 4 

54 4 
31 1 

8 8 

22 2 
155 5 
211 1 

10 0 
5 5 

257 7 

28 8 
1022 2 

/ 3 0 0 

/ 9 3 3 
/ 165 5 
/ 3 1 1 

/ 9 3 3 
/ 2 4 3 3 
M 3 3 

/ 100 0 
M 7 4 4 

M 4 4 

/ 8 3 3 
/264 4 
/ 443 3 
/ 2 5 5 

/ 2 2 2 
/ 608 8 

/ 6 9 9 
/2470 0 

ASCLEPIO SS 1990 

Bridger ss 1991 
Low ee 1989 
Yordano vv 1984 

Subtota ll  (95%CI) 

477 / 1 2 0 
1033 / 138 

344 / 5 6 

700 /121 
2544 /435 

444 /114 

433 / 6 6 

233 / 5 6 
622 / 117 

1722 / 353 

Petoo OR 
(95%CII Fixed) 

Weight t 

% % 
0.3 3 
3.3 3 
5.9 9 
0.8 8 
2.9 9 
6.5 5 
0.4 4 
4.4 4 
4.2 2 
0.5 5 
2.2 2 
13.8 8 
15.7 7 
0.9 9 
0.4 4 
21.5 5 
3.2 2 
87.1 1 

Peloo OR 
(95%CII  Fixed) 

0.655 [0.11.4.00] 
0.833 [0.47,1.48] 
1.26(0.82,1.94] ] 
0.170.17 [0.05,0.57] 
0.611 [0.33,1.13] 
1.011 [0.67,1.52] 
1.244 [0.26,5.96] 
1.84(1.12,3.03] ] 
1.533 (0.92,2.55] 
0.28(0.06,1.30] ] 
0.79(0.39,1.62] ] 
1.03(0.77,1.36] ] 
0.90(00 69,1.18] 
1.177 [0.39,3.57] 
0.433 [0.09,2.16] 
1.133 [0.90,1.42] 
0.944 [0.52,1.68] 
1.03(0.92,1.15] ] 

4.0 0 

2.6 6 
2.0 0 
4.2 2 

12.9 9 

1.022 [0.61.1.73] 

1.599 [0.83,3.04] 
2.188 [1.04.4.56] 
1.222 [0.73,2.03] 

1.333 [1.00.1.79] 

Chi-squaree 3.08 (df=3) Z=1.93 

Totall (95%CI) 
Chi-squaree 32 49 (df=20) Z=1 13 

16944 /3591 100.00 1.06 [0.96,1.18] 
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Calciumm Antagonist for ischaemic stroke. A Cochrane Review 

Review::  Calciu m antagonist s for ischemi c strok e 
Comparison ::  Calciu m antagonist s vs control ; sensitivit y analysi s 
Outcome ::  Oral Nimodipina , 120 mg, < 12 hour s 

Study y 
Expt t 
n/N N 

Poorr  outcom e at end of follo w up 
Gelmerss 1988 
German-Austria nn 19E 
Kastee 1994 
Lowee 1989 
Mohr199 2 2 
NESTT 1993 
NIMPASS 1999 
Pacii  1989 
TRUSTT 1990 
VENUSS 1999 
Wimalaratn aa 1994 

Subtota ll  (95%CI) 
Chi-squar ee 12.42 (df=10) 

Deathh at end of follo w up 
Gelmerss 1988 
German-Austria nn 19£ 
Kastee 1994 
Lowee 1989 
Mohr1992 2 
NESTT 1993 
NIMPASS 1999 

xPacii  1989 
TRUSTT 1990 
VENUSS 1999 
Wimalaratn aa 1994 

Subtota ll  (95%CI> 

111 /48 
111 /36 
177 /54 
33 /5 

244 /40 
388 /102 
111 125 
22 /19 

422 /87 
711 /225 
66 /19 

2366 /660 
Z=0.08 8 

77 /48 
88 /36 

111 /54 
33 15 
77 /40 

244 /102 
33 /25 
00 /19 

277 /87 
300 /225 
44 /19 

1244 /660 

Ctrl l 
n/N N 

188 /44 
55 /28 
99 /51 
22 /3 

233 /36 
400 /8S 
100 /25 
55 /22 

355 /78 
622 /229 
88 /18 

2177 /619 

144 /44 
44 /28 
66 /51 
22 /3 
99 /36 

199 / 85 
33 /25 
00 /22 

255 /78 
322 /229 
77 M8 

1211 /619 

Petoo OR 
(95%CII Fixed) 

s s 

, , 

— 1 1 

„ „ 

, , 

' ' 

1 — — 

Chi-squar ee 7.64 (df=9) Z=0.61 
f f 

Weight t 
% % 

7.2 2 
4.3 3 
7.0 0 
0.7 7 
6.5 5 
16.2 2 
4.4 4 
2.1 1 
14.7 7 
33.7 7 
3.2 2 

100.0 0 

Petoo OR 
(95%CII Fixed) 

0.44(0.18,1.05] ] 
1.955 [0.63,6.04] 
2.099 [0.86,5.04] 
0.788 [0.05,12.39] 
0.855 [0.34,2.13] 
0.677 [0.37.1.20] 
1.177 [0.39,3.57] 
0.433 [0.09,2.16] 
1.155 [0.62,2.11] 
1.244 [0.83,1.86] 
0.599 [0.16.2.18] 
1.011 [0.80,1.28] 

8.6 6 
5.1 1 
7.5 5 
1.1 1 
6.7 7 
17.3 3 
2.8 8 
0.0 0 
18.7 7 
28.1 1 
4.2 2 

100.0 0 

0.388 [0.14,1.00] 
1.677 [0.48,5.86] 
1.877 [0.67,5.27] 
0.788 [0.05,12.39] 
0.64(0.21,1.92] ] 
1.07(0.54,2.11] ] 
1.00(0.18,5.41] ] 
Nott  Estimabl e 
0.955 [0.50.1.84] 
0.95(0.55.1.621 1 
0.444 [0.11,1.75] 
0.911 [0.69,1.22] 
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Abstract t 
Introductio n n 

Methods s 

Results s 

Conclusion n 

Inn meta-analyses inclusion of data of all identified trials is crucial to 

diminishh bias. With the introduction of trial registries identification of trials 

becomess easier. However, collecting all data from either principal 

investigatorss or pharmaceutical industries can be problematic. 

Wee performed an inquiry within the Cochrane Stroke Review Group to 

makee an inventory of the experiences with pharmaceutical industries. 

AA questionnaire was sent to 47 reviewers, which was completed and 

returnedd by 39 (83%). 17 Reviewers had contacted companies for data. 

Thee experiences were mixed. Some received all data needed without any 

problems,, others never received any reply to their request. 

Companiess do not have univocal policies. Success depends on good 

contactss within a company. Prospective registration of trials is the first 

stepp in obtaining complete overviews. The next step addresses availability 

off  data. 
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Gettingg data from pharmaceutical industries 

Introductio n n 
Publicationn bias can lead to major distortion of meta-analyses and systematic reviews.lf,9;17<) It 

wass the main reason for the misleading results of the meta-analysiss on intravenous magnesium 

inn the treatment of myocardial infarction.171 Comprehensive reviews should therefore include 

dataa of all trials ever performed.172 In order to obtain data from unpublished trials, reviewers can 

approachh principal investigators and pharmaceutical companies. Even in published trials, relevant 

dataa on methodology and outcome data that would enable comparisons of outcomes between 

differentt trials may have been omitted. While working on our Cochrane review on calcium 

antagonistss for stroke,m we contacted trialists and pharmaceutical companies with various degrees 

off  success. 

Thee questions we want to answer in this paper are: How often do reviewers approach 

pharmaceuticall  companies, what methods do they use, and what is the industry's response? In 

orderr to answer these questions we performed an questionnaire study within the Cochrane 

Collaborationn Stroke Review Group. The Cochrane Collaboration is an international organization 

thatt aims to help people make well-informed decisions about healthcare by preparing, maintaining 

andd promoting the accessibility of systematic reviews of the effects of healthcare interventions. ™ 

Methods s 
AA questionnaire was sent to all reviewers of the Cochrane Stroke Review Group. In this 

questionnairee we sought information about: number of companies contacted for information, 

whetherr information was needed from unpublished and / or published trials, what methods the 

reviewerr used to contact the company, companies' reactions, reasons of data refused? 

Iff  we failed to receive a reaction from the reviewer, a postal reminder, if necessary followed 

byy an e-mail, was sent. 

Basedd on their responses, we divided reviewers into three groups: I) no reaction on 

questionnaire,, II) answered questionnaire but did not seek information from companies, III ) 

answeredd and sought information. We checked to see whether a difference existed between the 

threee groups with regard to the developmental phase of the review (review completed, protocol 

completedd or title assigned). 
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Results s 
Inn January 1999, we sent 47 questionnaires to reviewers of the Cochrane Collaboration Stroke 

Revieww Group. After reminders and some e-mail messages, 39 answered our questions (83%). 

Twenty-twoo reviewers answered the questionnaire, but had not contacted any companies for 

data.. Two of these mentioned the intention to do so. One of them anticipated problems, the other 

hadd spoken to a company willin g to share data. In another seven reviews, no companies were 

contactedd as the topic was not related to any company activity (surgery or stroke units). 

Seventeenn reviewers mentioned contacts with companies. Their experiences are presented in 

Tablee I. The experiences are mixed, positive results were reported by 11 reviewers, negative by 

12.. Five reviewers reported difficulties with principal investigators who refused to share 

unpublishedd or additional data. 

Noo statistical difference was found in developmental phase between non-responders of the 

questionnaire,, responders who sought information, and responders who did not, p = 0.15 (Fisher's 

exactt test). 

Tablee I. Experiences from reviewers who contacted companies. 

Reviewer r Titl ee of review &  Phase Positivee experiences Negativee experiences 

Algraa / Schrijver Dipyridamole for preventing All companies reacted 
strokee and other vascular promptly. Boehringer 
eventsevents in patients with provided additional data of 2 
vascularr disease. P published trials 

Asplund d Haemodilutionn for acute 
ischaemicc stroke. R 

Didd not get data from early 
terminated,, unpublished trial 
fromm Fresenius company or 
principall  investigator. No 
reactionn on letters. 

Bathh / Bath Receivedd information quickly 
fromm Napp an UCB Pharma. 
Novartiss reacted after long 
timee and did not have 
informationn needed. 

Bayer:: Did not receive any 
informationn since they 
decidedd not to sign the 
confidentialityy contract (see 
Horn/Limburg).Horn/Limburg). Have been 
tryingg to get data from Ufa 
Santa,, Hoffmann La Roche 
andd Hoechst without much 
results. . 

Bereczki i Vinpocetinee for acute 
ischaemicc stroke. R 

Companyy Richter was very 
helpful,, provided data of both 
publishedd and unpublished 
trials s 

Cameron n Opiatee antagonists for acute 
stroke.. P 

Contactedd Dupont and Norton 
Healthcare,Healthcare, both provided 
informationn about performed 
trials s 
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Reviewer r Titl ee of review &  Phase 

Candelise e 

Celanii  / Ricci 

Correia a 

Greener r 

Positivee experiences Negativee experiences 

Gangliosidess for acute 
ischaemicc stroke R 

Althoughh very willin g to help 
inn personal contact, the Fidia 
Companyy did not react on 
letterss requesting data from 2 
unpublishedd trials. 

Piracetamm for acute ischaemic 
stroke.. R 

Receivedd additional data from 
UCBB Pharma, with help of 
contactt person within 
company. . 

Antioxidantss for acute stroke. 
P P 

Twoo principal investigators 
didd not react. Wrote to 
Pharmaciaa Upjohn for data of 
severall  unpublished trials. 
Reply:: "Needless to say, this 
informationn is considered 
confidentiall  until results have 
beenn published." 

Pharmacologicall  treatment for 
aphasiaa following stroke. P 

Wrotee to many companies. 
Receivedd no reaction or data 
whichh could not be used. 
Wrotee again to UCB Pharma, 
butt got no reaction. 

Gubitz z Leoo Pharma supplied all data 
askedd for. 

Wrotee to several principal 
trialistss who did not give any 
data.. Asked Organon for data, 
butt they were refused since 
"somee were missing". 

Hankeyy Thienopyridine derivatives 
(ticlopidine,, clopidogrel) 
versuss aspirin for preventing 
strokee and other serious 
vascularr events in high 
vascularr risk patients. R 

Receivedd data from small trial 
fromm Sanofi 

Requestedd additional data 
fromm large published Sanofi 
triall  were refused, although 
chairmann from Steering 
committeee supported request. 

Hornn / Limburg Calciumm antagonists for acute 
ischaemicc stroke. R 

Bayerr provided group data of 
publishedd and unpublished 
trialss (after signing of a 
confidentialityy contract), data 
off  large trial were received 
fromm Janssen Belgium (by 
wayy of contact person within 
organization) ) 

Janssenn Germany refused / 
hadd no time to provide 
additionall  data from large 
publishedd trial, several 
principall  investigators were 
askedd for data, but reactions 
weree disappointing. 

Lincolnn Evaluation of cognitive 
rehabilitationn for memory 
problems.. R 

Wrotee to UCB Pharma for 
dataa of unpublished trial, but 
receivedd no reaction. 

Rinkel l Receivedd data from un-
publishedd trial from principal 
investigatorr and data from 

Dataa of unpublished pilot 
studyy were refused by Bayer. 
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Reviewer r Titl ee of review & Phase Positivee experiences Negativee experiences 

safetyy and dosage study from 
Upjohnn (by way of contact 
personn within company) 

Sandercock k Co-authorr of many reviews Organonn was "extremely 
helpful""  and provided data of 
unpublishedd trial. 

Rhonee Poulenc Rorer was 
approachedd for data of trial, 
butt has refused. 

Steiner r Naftidofuryll  for acute stroke. 
T T 

Contactedd Lipha 
Pharmaceuticals,, with which 
goodd relationship already 
existed,, Provided all raw data 
available. . 

Wardlaww 'Fibrinogen depleting agents 
forr acute ischaemic stroke' 
andd 'Thrombolysis (different 
doses,, routes of administration 
andd agents) 
forr acute ischaemic stroke'. Rs 

Requestedd additional data of 2 
publishedd trials from principal 
investigators,, but this was 
refused.. Never received any 
responsee from Genentech, the 
companyy involved. 

**  Authors of 5 reviews: 1) Interventions for deliberately altering blood pressure in acute stroke, 2) 
Interventionss for dysphagia in acute stroke, 3) Pentoxifylline, propentofylline and pentifylline 
forr acute ischaemic stroke, 4) Prostacyclin and analogues for acute ischaemic stroke, 5) 
Theophylline,, aminophylline, caffeine and analogues for acute ischaemic stroke. 

***  These authors mentioned in their response several unpublished trials which they identified, but 
gavee no information about their efforts to obtain data of these trials. 

** **  Author of 3 reviews: 1) Anticoagulants for acute ischaemic stroke, 2) Antiplatelet therapy for 
acutee ischaemic stroke, 3) Different doses of anticoagulant f or acute ischaemic stroke (protocol). 

*** **  Author of 6 reviews: 1) Antifibrinolyti c therapy for aneurysmal subarachnoid haemorrhage, 2) 
Calciumm antagonists for aneurysmal subarachnoid haemorrhage, 3) Circulatory volume expansion 
forr aneurysmal subarachnoid haemorrhage (protocol), 4) Corticosteroids for aneurysmal 
subarachnoidd haemorrhage (protocol), 5) Corticosteroids for primary intracerebral haemorrhage 
(protocol),, 6) Standard heparin, heparinoids, or low-molecular weight heparin for primary 
intracerebrall  haemorrhage (protocol). 

Abbreviations:: P = protocol, R = review, T = registered title 

Discussion n 
Publicationn bias is one of the main reasons for the misleading results of a meta-analysis. The 

revieww on intravenous magnesium in myocardial infarction is a striking example170 Therefore, 

reviewerss should identify and include all relevant trials. However, for inclusion of these trials in 

systematicc reviews, access to data is necessary. This remains difficult , especially in early 

terminatedd and unpublished trials.174 
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Thee experiences from the reviewers of the Cochrane Stroke Review group are mixed. Some 

receivedd all required data without any problems, others never received any reply to their request. 

Clearly,, companies do not have strict policies regarding release of trial data. The same company 

releasess data easily to one reviewer, refusing them to another (UCB Pharma). Branches from the 

samee company in different countries have different strategies (Janssen). Good personal contacts 

withinn a company often are decisive whether or not reviewers will receive data. However, the 

pharmaceuticall  environment is rapidly changing and lack of clear policies within companies 

frustratess scientific studies. Contacts with principal investigators from the scientific medical 

communityy can be disquieting as well. From these data, we do not know why principal 

investigatorss are reluctant to share data. Basic distrust, disinterest or restrictions imposed by the 

sponsorss may all play a role. Sometimes data can not be obtained because the files have been 

destroyed.175 5 

AA very promising development is exemplified by Glaxo Wellcome, officially declaring to 

disclosee their clinical information.176 This means that protocols are available on their website 

andd that details from completed studies are available on a "password protected" area. None of 

thee reviewers of the Stroke Group dealt with this company, so we were unable to evaluate this 

policy.. During the Cochrane Collaboration Conference in Rome (1999) other companies offered 

too perform analyses on request of investigators.177 In practice this may lead to unsatisfactory 

situations,, in which reviewers do not obtain all data required. 

Prospectivee registration of trials is an important step in obtaining complete overviews. 

Documentationn of new trials in trial registries will facilitate identification of relevant trials an 

certainn research fields.17S;I7y The next step addresses the availability of data. Physicians willin g 

too participate in trials involving their patients, should demand that all results will be made 

availablee to the general public and more specific to the scientific community. Ethical 

considerationss require that data of patients, willing to take risks or discomfort for the sake of 

improvingg medical scientific progress, can be fully exploited and do not remain hidden. Principal 

investigatorss and pharmaceutical companies have to be prepared to make this change. 
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Abstract t 
Background. . 

Methods. . 

Results. . 

Conclusions. . 

Basedd on results of animal experiments, clinical trials with nimodipine 

weree performed, which finally did not demonstrate a beneficial effect on 

outcomee after stroke. The aim of this study was to investigate whether the 

evidencee from animal experiments was unequivocally in favour of 

nimodipine,, which would mean that these models are inadequate to predict 

treatmentt response in patients, or that the data of animal experiments were 

inconclusive,, which would mean that the clinical trials were based on 

insufficientt evidence. 

Wee performed a systematic review of animal experiments with nimodipine 

inn focal cerebral ischaemia. Manuscripts were identified by searching 

Medlinee and Embase. We assessed whether studies showed a beneficial 

effectt of active treatment or not. In depth-analyses were performed on 

infarctt size and amount of oedema, and subgroup analyses on length of 

timee window to start of treatment and methodological quality of studies. 

Off  225 identified manuscripts, 20 studies were included. Methodological 

qualityy of studies was poor. 50% Of included studies were in favour of 

nimodipine.. In depth-analyses showed statistically significant effects in 

favourr of treatment (10 studies). No influence of length of time to start of 

treatmentt or methodological quality on results was found. 

Wee conclude that the results of this review did not show convincing 

empiricall  evidence to substantiate the decision for trials with nimodipine 

inn large numbers of patients. Surprisingly, animal experiments and clinical 

studiess ran simultaneously. 

84 4 



Nimodipinee in animal experiments of cerebral ischaemia 

Introductio n n 
Thee recognition of the existence of a penumbral zone in ischaemic stroke as described by 

Astrupp and Siesjo was a major trigger to the search for an effective neuroprotective agent.14 

Massivee calcium influx into cells was found to be a 'final common pathway' leading to cell 

death.. Therefore calcium channel blockers might protect the penumbral zone from becoming 

necrotic.. Early steps on the road towards neuroprotective treatments in stroke, were as usual in 

thee form of animal experiments. Positive results of treatment with the L-type calcium channel 

blockerr nimodipine in animal models of acute focal ischaemia were reported and investigations 

withh this agent in patients started in the early nineteen-eighties. In 1988, a randomised controlled 

triall  in stroke patients showed a beneficial effect.43 Based on these promising results more clinical 

trialss with calcium antagonists in stroke were performed,45;46;5I;54 in which finally, 7665 patients 

weree randomised. These trials failed to confirm the beneficial effect of active treatment.123 But 

inn a meta-analysis of nine trials with nimodipine in acute ischaemic stroke, a statistically 

significantt effect in favour of nimodipine was found when treatment was started within 12 hours 

off  stroke onset.47 This again raised hope for neuroprotective treatment in stroke patients. However, 

inn a recent systematic review performed for the Cochrane Collaboration Stroke Group on the 

effectss of calcium antagonists for stroke, this positive effect of early treatment could not be 

confirmed.123 3 

Similarr discrepancies between initial successful experimental animal data and lack of effect 

inn clinical applications have been reported for a variety of potentially neuroprotective drugs. 

Thesee agents either evoked unacceptable adverse reactions or did not have any beneficial 

effect.63;64;77;888 These disappointing results have raised doubts about interpretation and validity 

off  results of animal stroke models with respect to subsequent clinical research. 

Thee aim of this study was to investigate whether the evidence from animal experiments was 

unequivocallyy in favour of nimodipine, which would mean that these models were inadequate to 

predictt treatment response in patients, or that the data of animal experiments were inclonclusive, 

whichh would mean that the clinical trials were based on insufficient evidence. 

Methods s 
LiteratureLiterature search and inclusion criteria 

Ourr literature search for this review was restricted to published results of animal studies, 

whichh were identified by searching MEDLINE (1966-1999) and EMBASE (1980-1999) using 

thee search terms "nimodipine" (limited to "animal") and "cerebral ischaemia". Reference lists 

off  identified articles were also searched. 
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Studiess were included if they fulfilled the following criteria: 1) the study assessed the effect of 

nimodipinee on focal cerebral ischaemia, 2) a group of control animals was clearly described, 3) 

nimodipinee was administered after the induction of ischaemia, 4) the effect of nimodipine was 

assessedd in animals or in whole brains, not in slices or small samples of brain tissue, 5) nimodipine 

wass not tested in combination with other neuroprotective agents, 6) restriction to original study 

resultss (reviews and duplicate publications were excluded), 7) published in English, French or 

German.. Selection of trials (unblinded) was done by JH based on title and abstract. In case of 

doubtt the whole publication was obtained and evaluated. 

DataData extraction 

Fromm the included studies the following data were extracted: animal species; number of animals 

inn treated and in control group; method of allocation to treatment group; method to induce 

ischaemia;; method, dosage, and time of drug administration; method to assess efficacy (blinded 

assessment);; and results of treatment. 

MethodologicalMethodological quality of studies 

Basedd on recommendations published in 1999,18" we designed an 8-point rating system to 

assesss the methodological quality of the included animal experiment studies. One point was 

attributedd for each of the following characteristics: (1) dose / response relationship investigated; 

(2)) randomised experiment; (3) optimal time window of treatment investigated; (4) monitoring 

off  physiological parameters (5) blinded outcome assessment; (6) assessment of at least two 

outcomes,, infarct size and one functional outcome; (7) outcome assessment in the acute phase 

( 1 - 33 days); and (8) outcome assessment in the chronic phase (7 - 30 days). The points were 

grantedd when in the report of the study these items were mentioned. Studies scoring < 4 points 

weree graded as "poor methodological quality", studies with 4 or more points were scored as 

"goodd methodological quality". 

StatisticalStatistical analyses 

Forr each study we defined whether a positive (nimodipine beneficial) or negative (no difference 

betweenn active and placebo treatment or deleterious effect of nimodipine) result was reported. 

Analysiss in depth was only possible in a limited selection of trials, which reported data on the 

impactt of nimodipine on infarct size or amount of oedema. Per study we calculated the effect 

sizee (mean difference between intervention group and control group divided by the pooled 

standardd deviation), and pooled the individual effect sizes accordingly. Since our data showed to 

bee heterogeneous, we used a random-effects model. Statistical uncertainty was expressed in 

95%% confidence intervals (CI). 
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SubgroupSubgroup analyses 

InIn view of the common opinion that treatment has to be started as soon as possible after 

inductionn of ischaemia,181 we performed a subgroup analysis on data of studies in which 

nimodipinee was started within or later than one hour after induction of ischaemia. Difference in 

frequencyy of treatment results was analysed with Fisher's exact test. Finally, we investigated 

whetherr study methodology influenced the results of the experiments. 

Results s 
DescriptionDescription of studies 

Wee identified 225 manuscripts. Based on predefined criteria, 205 manuscripts were excluded 

(aa list of these studies is available from the author). Table I lists the various reasons for exclusion. 

Manyy studies were excluded because they described the effect of nimodipine in global ischaemia 

models,, or nimodipine was administered prior to induction of ischaemia. We also identified 

severall  duplicate publications.29182"189 

Tablee I: Reasons for exclusion of manuscripts (total 205). 

Reasonn for  exclusion No. of trial s (%)* 

Globall  ischaemia 
Treatmentt started before ischaemia 
Revieww article 
Effectt assessed in brain tissue slices 
Noo nimodipine used in experiment 
Noo ischaemia induced 
Language e 
Aboutt subarachnoid haemorrhage 
Duplicatee publication 
Noo control group 
Unablee to achieve manuscript 

**  Due to rounding, the sum of percentages is not 100. 

Twentyy studies fulfilled the inclusion criteria, characteristics of these studies are listed in Table 

II ,, in which the studies are ordered by increasing length of time interval between induction of 

ischaemiaa and start of treatment. In total 234 animals were treated with nimodipine (216 animals 

servedd as controls) after induction of focal cerebral ischaemia. In all studies the animals were 

anaesthetisisedd during surgical procedures, only one study explicitly reported that animals were 

allowedd to recover before induction of ischaemia.m Parameters such as body temperature, blood 

glucosee levels, and blood pressure were maintained within strict limits in most animal experiments 

Inn 12 of 19 studies, treatment was started within one hour after induction of ischaemia.2K;2yB; 186; 19"" 

i922 30;37; 193-195 Qn e stucjy did n ot state the length of this interval.34 Methodological quality of the 

52 2 
35 5 
31 1 
21 1 
8 8 

15 5 
11 1 
10 0 
6 6 
5 5 
1 1 

(25) ) 
(17) ) 
(15) ) 
(10) ) 
(9) ) 
(7) ) 
(5) ) 
(5) ) 
(3) (3) 
(2) (2) 
(0) (0) 
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includedd studies was poor (median = 2.85 points; range 1 - 5). Only two studies mentioned 

randomisationn of animals,37192 and in six studies the outcome was assessed by a blinded assessor 

2X;?o;iK6:i90:i9];i966 Qne stu£jy reported 'double' blind assessment of effectiveness.31 Although 9 studies 

assessedd two outcome measurements (functional and histopathological),3<l:31;34;18:,;19<l;192:1%'19Sonly 

threee studies assessed outcome in the chronic phase.3(l;183;l% 

Tablee II: Characteristics of 20 included studies (ordered by length of time interval between ischaemia and 
startt of treatment) 

Studvv ID animal;;  no. 
treatedd / control 

Methodd of ischaemia Methodd of administration Methodss of assessment &  result 
(methodologicall  score) 

Bartkowski i Rats;; 31 / 23 MCAA occlusion, unknown 
whichh method and whether 
permanentt or not. 

200 ng/kg/hr i.v,, for 24 hrs. 
Startedd after occlusion, 
time-windoww unknown. 

Neurologicall  outcome and infarct 
size,, 24 hrs, after occlusion. 
Positivee ( 3) 

Meyerr 19862' Neww Zealand 
whitee rabbits; 
10/10 0 

Surgicall  occlusion of 
MCA,, permanent. 

0.55 ug/kg/min. i.v., for 4 
hrs.. Immediately after 
occlusion. . 

CBF,, intracellular brain pH and 
EEGG amplitude measurement until 
44 hrs after occlusion. 
Positivee (1) 

Snapee 1993' Listerr Hooded 
rats;; 8 /4 

Photochemicallyy induced 
corticall  infarction. 

0.55 mg/kg, i.p., 5 min. after 
irradiation. . 

Sizee of infarcted area, 24 hrs after 
surgery y 
Negativee (3) 

Greenbergg Cats; 8 / 6 
1990""' ' 

Microsurgicall  occlusion of 
leftt MCA for 1 hr. (3 hrs. 
ree perfusion) 

55 ^g/kg/min. for 3 min. and 
11 u,g/kg/min. until the end 
off  reperfusion i.v., started 
55 min. after occlusion. 

Infarctt size, cytosolic free calcium, 
amplitudee depression on EEG, 4 
hrss after occlusion. 
Positivee (3) 

Lydenn 1988'w New Zealand 
Whitee rabbits; 
34// 18 

Anaesthesia-,, injection of 
microspheresmicrospheres into CCA 
(ECAA is ligated). 

55 or 50 u,g/kg for 2 min. i.v. 
startedd 5 min. after 
injectionn of microspheres. 

Neurologicall  outcome {normal, 
abnormall  or dead) after 18 hours. 
Blindedd assessment! 
Negativee (4) 

Dengg Wenbin Wistarrats; 
1997|,J22 10/14 

Occlusionn of right MCA 
(Tamuraa method), 
permanent. . 

55 mg/kg s.c., started 5 min. 
afterr occlusion. 

Neurologicall  deficit, amount of 
brainn oedema, 24 hrs after 
occlusion n 
Positivee (3) 

Gotohh 1986:*  Sprague Dawley 
rats; ; 
5 /5 5 

Occlusionn of MCA 
(Tamuraa method), 
permanent. . 

11 p:g/kg/min, i.v., until 
death,, started 5 min. after 
occlusion. . 

Volumee ischaemic damage, 4 hrs. 
afterr occlusion and 1CBF (35 min. 
afterr occlusion). 
Negativee (3) 

Bergerr 1989|,Jl Sprague Dawley 
rats; ; 
7 /7 7 

Surgicall  occlusion of left 
MCA,, permanent. 

0.55 ug/kg/min. i.v., for 4 
hrs.. Started 15 min. after 
occlusion n 

Infarctt volume, lCpH and 1CBF, 4 
hrss after occlusion. 
Negativee (2) 

Bergerr 1988" Sprague Dawley 
rats; ; 
5 /6 6 

Surgicall  occlusion of left 
MCA,, permanent 

0.55 [ig/kg/min. i.v., for 75 
min.. Started 15 min. after 
occlusion n 

Infarctt volume, lCpH and 1CBF, 75 
min.. after occlusion. 
Positivee (2) 

Hakimm ^Só'1"1 Sprague Dawley 
rats; ; 
4 /8 8 

Occlusionn of left MCA 
(Tamuraa method), 
permanent. . 

0.55 (ig/kg/min., i.v.. Started 
155 min. after occlusion 

Infarctt size, lCpH and 1CBF, 3 hrs 
afterr occlusion. 
Negativee (2) 

Sauterr 1986-" SHR/KYO rats; 
6-8/8 8 

Surgicall  coagulation of left 
MCA,, permanent. 

Boluss 0.6 mg/kg/day s.c, 
15,, 105 and 195 min. after 
occlusion. . 

Neurologicall  score (blinded 
observer),, MRI  to assess infarct 
size,, biochemical analysis, 3 days 
afterr occlusion. 
Negativee (4) 
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Studyy ID 

Dirnag!!  199037 

Nishikibe e 
1988"" " 

Selcuklu u 
1993'* * 

Dee La Torre 
19902"" " 

Germano o 
19861"1 1 

Germano o 
1987" " 

Kobayashi i 
19881'"1 1 

Rodaa 19952111 

Haraa 19901" 

animal;;  no, 
treatedd / control 

Wistarr rats; 
8 /8 8 

Mongolian n 
gerbils;; 17/24 

Neww Zealand 
rabbits;; 6 /6 

Cats;; 4 / 4 

Spraguee Dawley 
rats;; 5 /5 

Spraguee Dawley 
rats;; 24 / 24 

Rats;; 26/26 

Long-Evanss rats; 
5 /5 5 

Wistarr rats; 
11/15 5 

Methodd of ischaemia 

Surgicall  occlusion of right 
CCAA and MCA, 
permanent. . 

Surgicall  occlusion of left 
CCA,, permanent. 

Surgicall  occlusion of ICA, 
permanent. . 

Surgicall  ligation of MCA, 
permanent. . 

Microsurgicall  coagulation 
off  MCA, permanent. 

Surgicall  transection of 
leftt MCA, permanent. 

MCAA occlusion, unknown 
whichh method and whether 
permanentt or not. 

Permanentt right MCA 
occlusionn and 90 min. 
occlusionn of both CCAs, 
244 hrs. of reperfusion. 

Occlusionn of left CCA for 
33 hrs. (3 hrs. reperfusion) 

Methodd of administration 

22 u,g/kg/min. i.v., for 60 
min.,, started 30 min. after 
occlusion. . 

0.011 or 0.1 mg/kg i.p., 
boluss injection, 
administeredd 30 min. after 
occlusion. . 

11 u.g/kg/dk, i.v., 3 animals 
treatedd for 6 hrs, 3 for 24 
hrs.. Both groups started 1 
hrr after occlusion. 

11 u.g/kg/min. for 60 min. 
i.v.,, started 1 hr after 
occlusion. . 

200 U-g/kg for 10 min, i.v.. 
startedd 1 hr after occlusion. 

22 ng/kg/min. i.v. for 10 
min.. Started 1, 2 or 3 hrs 
afterr occlusion 
(n=88 in each group) 

200 |ig/kg i.v., 1 or 4 hrs. 
afterr occlusion. 

400 |ig/kg i.a. as bolus given 
twice,, 90 min. and 110 min. 
afterr occlusion. 

300 u.g/kg and 6 ml/kg i.v., 
startedd 3 hrs. after 
occlusion,, at pump rate 0.2 
ml/min.. for 30 min. 

Methodss of assessment &  result 
(methodologicall  score) 

Changess in cortical 
microcirculation. . 
Negativee (2) 

RCBFF and MAP in 3 types of 
ischaemiaa severity. 
Negativee (2) 

Blindedd neurological examination, 
infarctt volume, volume of oedema, 
77 days after occlusion. 
Positivee (S) 

Ratee of cytoprotection and CBF, 4 
hrss after occlusion. 
Negativee (2) 

Neurologicall  evaluation, MRI and 
histopathologicall  assessment of 
infarctt size, 12 hrs after occlusion. 
Positivee (3) 

Neurologicall  evaluation (double-
blind)) and infarct size, 24 hrs after 
occlusion. . 
Positivee (5) 

Neurologicall  outcome and infarct 
size,, 24 hrs. after occlusion. 
Negativee (3) 

Infarctt size, 24 hrs. after occlusion. 
Positivee (2) 

Mortalityy (after 7 days), neuronal 
damagee and brain oedema (6 hrs 
afterr occlusion). 
Positivee (3) 

Abbreviationss used: i.p.= intraperitonial, i.v. = intravenous, i.a.= intra-arterial, s.c. = subcutaneous, min.= 
minutes,, hrs.= hours, ECA = external carotid artery, ICA= internal carotid artery, MCA= middle cerebral 
artery,, CCA= common carotid artery, (1 or r)CBF = (local or regional) cerebral blood flow, ICpH = local 
cerebrall  pH, MAP = mean arterial pressure, MRI = magnetic resonance imaging, EEG = electro-
encephalogram. . 

Outcome Outcome 

Off  the 20 included studies, 10 reported a positive effect of nimodipine, 10 did not. In seven 

studies,, exact data about infarct size in active treatment and controls was presented.28;31:33;186;193;iy4;196 

(Figuree I). The pooled effect size in favour of nimodipine was -1.10 (95% CI: -1.70 to -0.60). 

Extractingg of data on amount of oedema was possible in three studies,IW;iy2;195 (Figure II) , 

revealingg a pooled effect size of -0.60 (95% CI: -1.10 to -0.10) in favour of nimodipine. 

89 9 



Chapterr 6 

Greenbergg 1990; SMD -0.44,95% CI -6.39 to -2.48 

Bergerr 1989; SMD -1.04,95% CI -2.2 to 0.13 

Bergerr 1988; SMD -0.91,95% Q -2.15 to 0.34 

Germanoo 1987; SMD -1.99,95% CI -3.19 to -0.79 

Hakimm 1986; SMD -0.71, 95% CI -1.95 to 0.52 

Selcukluu 1993; SMD -1.32,95% CI -3.08 to 0.45 

Gotohh 1986; 0.30,95% CI -0.95 to 1.55 

Total;;  SMD -1.15,95% CI  -1.67 to -0.62 

-7 7 -44 -3 -2 -1 

inn favour of nimodipine 

Figuree I. Results of in-depth analysis on infarct size. SMD = standardised mean difference, (effect size) 

Haraa 1990; SMD -0.95,95% CI -1.80 to -0.11 

Nishüóbee 1988; SMD -0.44,95% CI -0.53 to 1.42 

Dengg Wenbin 1997; SMD -1.14, 95% CI -2.02 to -0.27 

Tbtal;;  SMD -0.63,95% CI  -1.15 to -0.11 

tt  i 

-77 -6 - 5 - 4 - 3 - 2 - 1 0 1 2 

inn favour of nimodipine 

Figuree II. Results of analyses on amount of oedema. SMD = standardised mean difference, (effect size) 

SubgroupSubgroup analysis 

Additionall  analysis of the studies in which treatment was started within 1 hour after induction 

off  ischaemia resulted in four positive and eight negative studies. Treatment started 1 hour or 

moree after induction of ischaemia resulted in five positive and two negative studies (p = 0.17). 

Inn the 4 studies with a good methodological quality,3(l;3l:l9°1% two showed an effect in favour 

off  nimodipine, two did not. 

Discussion n 
Inn this study we focused on the question whether the evidence from animal experiments was 

unequivocallyy in favour of nimodipine, which would mean that these models were inadequate to 

predictt treatment response in patients, or that the data of animal experiments were inclonclusive, 

whichh would mean that the clinical trials were based on insufficient evidence. The selected 
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studiess showed that the results did not provide an unequivocal answer on the efficacy of treatment 

withh nimodipine (50% of the studies were in favour of nimodipine). Subgroup analyses on 

lengthh of time windoww to treatment and methodological quality of the studies neither demonstrated 

clearr beneficial treatment results. In contrast, in depth-analyses on the effect of nimodipine on 

infarctt size and amount of oedema, showed statistically significant benefical results. However, 

thesee data could only be extracted from a small subsample of publications which turned out to 

bee mainly reports with positive treatment results. 

Wee found that the methodologicall  quality of the included studies was poor. Especially issues 

ass randomisation, masked treatment allocation, blinded outcome assessment and intention to 

treatt analyses, which are very important issues and now generally required in clinical studies, 

weree neglected in these animal experiments.199 Surprisingly, the authors of one study reported 

double-blindd assessment of effectiveness. 

Wee realise that systematic reviews carry hazards such as publication bias and a bias for good 

qualityy studies.2"0201 Evaluating "old" studies from the early nineteen-eighties enlarges these 

hazards.. Since most experiments were performed more than 10 years ago, we did not approach 

authorss for detailed information about their studies. We considered it to be unlikely that authors 

eitherr possessed or would remember the exact data required. By limiting our search strategy to 

thee electronic databases and the reference lists of identified manuscripts we were unable to 

estimatee the number of unpublished manuscripts and the consequences this might have for our 

review.. For clinical trials with calcium antagonists in ischaemic stroke we found that at least 

18%% of all studies remained unpublished.123 In these unpublished trials, results were significantly 

worsee for patients in the treatment group. One might assume that in experimental animal research 

thiss percentage will not be different. If such a publication bias for negative animal experiments 

exists,, this would result in an even more 'negative' conclusion of this review. Other possible 

sourcess for bias are selection of studies and data extraction. The fact that this was done by one 

authorr might have enlarged this risk, however, criteria for study inclusion and data extraction 

weree strict. The number of manuscripts written in a 'foreign language' (i.e. Chinese, Japanese, 

Russian,, Polish) was limited (2%). We therefore assumed that translating these manuscripts 

wouldd not be likely to result in more useful data. 

Weree the animal model used to test nimodipine in focal cerebral ischaemia suitable to predict 

itss effectiveness in stroke patients? Several authors have discussed the discrepancies between 

thee results of animal models in stroke and the results of clinical studies.202205 41;206. A possible 

explanationn for these discrepancies was the difference in age between animals and patients. 

Olderr stroke often have comorbidity such as diabetes and hypertension. Furthermore, in animal 

experiments,, physiological parameters (blood pressure, (brain) temperature, blood glucose levels) 

cann be kept within strict limits and neuroprotective treatment can be started immediately or 
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withinn several minutes after induction of ischaemia. Finally, major differences exist in assessment 

off  effectiveness in animal experiments measuring histopathological parameters compared with 

randomisedd clinical trials in stroke patients measuring functional ability. 

Resultss of animal experiments with nimodipine in focal cerebral ischaemia were reported 

untill  1997, fifteen years after the first clinical study. It is surprising that these animal experiments 

rann a course parallel to several clinical studies, since it is reasonably to assume that the clinical 

studiess are preceded by animal studies. However, already in 1982, the first results of clinical 

studiess on the effect of nimodipine on the cerebral blood flow in patients with an acute ischaemic 

strokee were reported.2"7. Based on the hypothesis of the calcium dependent final common pathway 

inn cell death and his previous experiments, the author started a 'single blind' pilot study, which 

showedd that treatment with nimodipine was promising.42 In 1988, the same author reported the 

resultss of a placebo controlled, double-blind, randomised clinical trial.43 In the introduction of 

thee manuscript various results of animal experiments with nimodipine were quoted, one 

experimentt in focal cerebral ischaemia with beneficial results,2S and experiments with global 

ischaemia,, cerebrovascular damage in spontaneously hypertensive stroke prone rats, or the use 

off  nimodipine before induction of ischaemia. The authors of the report on the randomised clinical 

triall  concluded that nimodipine was statistically significantly better than placebo with regard to 

mortalityy and changes in neurological deficit (assessed with modified Mathew scale) 4 weeks 

afterr stroke. However, re-analysis of data on the functional outcome of patients in this trial, by 

dichotomisingg the score on the disability item in the modified Mathew scale, shows a difference 

whichh was not statistically significant.123 The supposedly positive results of this first randomised 

controlledd trial were followed by a small trial,m which showed similar results. In the introduction 

off  this manuscript, the authors refer to an animal experiment by Germano et al.20X Subsequent 

reportss on larger clinical trials44"46113 refer in the introduction to a single positive animal 

experiment,, to the proven effectiveness of nimodipine in treatment of subarachnoid haemorrhage, 

andd primarily to the positive results of the first randomised controlled trial with nimodipine in 

ischaemicc stroke. 

Wee conclude that the results of the animal experiments reviewed in this manuscript did not 

showw convincing empirical evidence to substantiate the decision for trials with nimodipine in 

largee numbers of patients. In fact, there were no differences between the results of animals 

experimentss and clinical studies. Surprisingly, we found that animal experiments and clinical 

studiess ran simultaneously. 
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Generall  discussion 
Inn normal conditions in a human brain, calcium ions (Ca++) function as membrane stabilisers, 

metabolicc regulators, and second messengers. They can activate intracellular cell degradative 

enzymess such as lipases, proteases, and endonucleases.9 In 1974, these ions were also found to 

playy an important role in ischaemic myocardial cell death.211 In experiments with cerebellar 

tissue,, anoxia appeared to trigger a rapid translocation of calcium ions from extracellular to 

intracellularr spaces.212 

Inn cerebral ischaemia, signalling functions are lost rapidly because all available energy is 

requiredd to maintain cell integrity.14 Depending on the duration and intensity of ischaemia, 

irreversiblee cell damage will ensue. Massive influx of calcium ions plays an important role in 

thee deleterious events finally leading to cell death.13 In the core of focal cerebral ischaemia the 

chemicall  reactions very rapidly lead to cell death, but in the area surrounding this core, the so 

calledd ischaemic penumbra, cells remain viable for several hours. 

Thee finding of this time window led to an intensive search for drugs which were able to 

interruptt or delay the reactions leading to cell death. After two decades of animal experiments 

andd clinical studies with several promising agents, there is no neuroprotective therapy available 

forr patients with an ischaemic stroke. The history of treatment with calcium antagonists acting 

onn voltage sensitive calcium channels, especially nimodipine in ischaemic brain lesions, is 

describedd in this general discussion. 

Thee first in vitro and in vivo animal experiments with nimodipine demonstrated a relaxing 

effectt on cerebral vessels.20213 In 1982, its possible influence on focal cerebral ischaemia was 

reportedd after experiments in which nimodipine was started before induction of ischaemia.214 In 

1986,, the first results were reported of animal experiments in which nimodipine was started 

afterr induction of focal ischaemia and in which effectiveness was assessed in comparison with 

controll  animals,.2s"30;194;iy7 

Wee systematically reviewed all controlled animal experiments with nimodipine in focal 

cerebrall  ischaemia (this thesis, chapter 6). We selected experiments in which treatment was 

startedd after the induction of ischaemia and if effects had been assessed in animals or in whole 

brains,, not in slices or small samples of brain tissue. The results of the 20 included studies were 

inconsistent:: Analysis yielded 10 positive and 10 negative studies (as concluded by the authors). 

In-depthh analysis of data of infarct size and amount of oedema revealed a statistically significant 

effectt in favour of nimodipine. However, these data were available from a small selection of 

studies,, mainly studies in favour of nimodipine. The methodological quality of the animal 

experimentt was assessed with a scoring system based on recommendations published in 1999.180 

Thee quality of the animal experiments with nimodipine appeared to be poor, only 2 studies 
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mentionedd randomisation of animals, in not more than 7 outcome was assessed by an assessor 

blindedd for treatment allocation. Although 8 studies assessed two outcome measurements 

(functionall  and histopathological), only 3 studies assessed outcome in the chronic phase. 

Remarkably,, in one study, according to the authors, double blind assessment of outcome had 

beenn performed.31 

Inn 1982, the first results of clinical studies were reported by Gelmers who had studied the 

effectt of nimodipine on the cerebral blood flow in 10 patients with acute ischaemic stroke.207 

Basedd on the hypothesis of the calcium dependent final common pathway in cell death and his 

previouss experiments, Gelmers started a single blind pilot study, which suggested that treatment 

withh nimodipine was very promising.42 In 1988, the same author reported the results of a placebo 

controlled,, double-blind, randomised clinical trial.43 In the introduction of the manuscript various 

resultss of animal experiments with nimodipine were quoted, one experiment in focal cerebral 

ischaemiaa with beneficial results,28 and experiments with global ischaemia, cerebrovascular 

damagee in spontaneously hypertensive stroke prone rats, or the use of nimodipine before induction 

off  ischaemia. The authors of the report on the randomised clinical trial concluded that, 4 weeks 

afterr stroke, nimodipine was statistically significantly better than placebo with regard to mortality 

andd changes in neurological deficit (assessed with modified Mathew scale). However, re-analysis 

off  data on the functional outcome of patients in this trial, by dichotomising the score on the 

disabilityy item in the modified Mathew scale, shows a difference which was not statistically 

significant.. 123(This thesis, chapter 4) 

Thee study with the supposedly positive results of Gelmers et al. was followed by a small trial by 

Pacii  et al,107 who had similar results. Subsequent reports on larger clinical trials4446113 refer in the 

introductionn to a single positive animal experiment, to the proven effectiveness of treatment with 

nimodipinee in subarachnoid haemorrhage, but primarily to the study of Gelmers et al. Reports on 

animall  experiments with nimodipine, positive and negative, continued to appear in the literature 

untill  1995. It is surprising that these animal experiments ran a course parallel to several clinical 

studies,, since we would expect that the clinical studies are preceded by animal studies. 

Thee supposedly positive results of the first clinical studies with nimodipine could not be 

confirmedd in subsequent large trials. Other studies with calcium antagonists acting on voltage 

sensitivee calcium channels, such as flunarizine and isradipine, also failed to show beneficial 

results.51544 A post-hoc subgroup analyses on data of patients treated within 18 hours after onset 

off  symptoms in the American nimodipine trial, showed that this subgroup had a significantly 

lowerr number of patients worsening on day 4 and an improvement of the average neurological 

scoress during treatment.46 The final outcome in this subgroup was not reported. This finding was 

usedd to support the idea that clinical studies failed to demonstrate beneficial effects, because 
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treatmentt had been started too late (patients were included up to 48 hours after stroke onset). 

Thiss hypothesis was further investigated in a meta-analysis of trials with nimodipine.47 No effect 

off  nimodipine was found in the overall analysis, but in the subgroup analysis of patients treated 

withinn 12 hours of stroke onset, the odds ratio for neurological impairment was 0.62 (95% C.I. 

0.444 to 0.87) in favour of nimodipine. Similar results were reported for functional outcome 

assessments.. Nimodipine started 12 to 24 hours after stroke onset did not change outcome, 

treatmentt started later than 24 hours significantly worsened outcome. 

Thee VENUS study was started to test the hypothesis that early treatment with nimodipine is 

beneficial.. As described in this thesis (chapter 2), the study was terminated early, when in our 

Cochranee review the beneficial effects of neither early treatment with calcium antagonists in 

general,, nor with nimodipine in particular could be confirmed. 123(This thesis, chapter 4) 

Somee remarks can be made about the methods used in the meta-analysis on which the VENUS 

studyy was based.47 The authors decided not to include unpublished trials, more specifically, they 

onlyy included trials of which data were available in the Bayer AG database. This led to exclusion 

off  two negative studies which were performed by independent trialistsll5;l5y and to exclusion of 

aa small pilot study.m Exclusion of unpublished trials, either because they were not identified or 

weree deliberately excluded, have been shown to lead to misleading results,170171 and usually to 

exaggeratedd estimation of intervention effectiveness.215 

Thee statistical analyses of the meta-analysis, on which the VENUS study was based, were 

performedd by a statistician of a pharmaceutical company, after the authors of the manuscript 

hadd decided which outcome measures (which cut-off points) had to be used and which subgroup 

analysess had to be performed. The "intention-to-treat" principle was applied in the analyses, but 

itt remained unclear how missing values were handled. These missing values must have been 

extensive,, as in the graphs presenting the results, different numbers appeared in the denominator 

off  each analysis. In the final manuscript, numbers of patients with poor outcome in each included 

triall  were lacking, which made direct comparison of this meta-analysis with our systematic 

revieww impossible. Both the authors and Bayer AG were unable to provide these data. 

Inn retrospect, we can conclude that on the first waves of positive news about the beneficial 

effectt of calcium antagonists in the treatment of cerebral ischaemia, the subsequent steps in 

researchh have gone too fast. The few available data from animal experiments were not addressed 

critically,, which too early led to clinical studies. Remarkably, animal experiments continued to 

bee started, while several clinical studies had already been performed or were in progress. In 

orderr to prevent similar mistakes in the future, adherence to guidelines for pre-clinical 

experiments,, which have recently been published, may be helpful.180 Animal experiments should 

definee an optimum dose and time window for treatment, as well as an optimal duration of 
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treatment.. Effectiveness should be investigated in randomised groups of both small and larger 

animals,, and outcome (both histological and functional in acute and chronic phase) should be 

assessedd by a blinded assessor. In these experiments, physiological parameters have to be 

monitored.. After the results of such animal studies appear to be favourable, it is time to start 

clinicall  studies. Guidelines for manuscripts presenting results of clinical trials and systematic 

reviewss should enable interpretation of the data.216217 

Byy going back in time it was possible to reconstruct the steps that led to the inclusion of more 

thann 7500 patients in studies with calcium antagonists in acute stroke, a treatment which finally 

turnedd out to have no effect on outcome. Enthusiastic researchers sometimes seem to lose their 

criticall  attitude, and start and continue clinical studies based on too weak scientific evidence. 
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Inn chapter  1 the issue of this thesis was illuminated. Since in Western societies, stroke 

representss the third largest cause of death and is the main cause of disability, and since the 

incidencee of stroke is expected to increase in the near future, much research is being devoted to 

thee development of an effective treatment. At present, however, no such treatment is available, 

althoughh thrombolysis is beneficial in a small percentage of patients with ischaemic stroke. The 

conceptt of the use of agents that protect neurones against the effects of ischaemia is appealing. 

Somee neuroprotective drugs are believed to exert their effects by influencing calcium homeostasis 

inn potentially viable brain cells in the ischaemic penumbra, the area surrounding the core of the 

infarct.. The calcium homeostasis in normal and in ischaemic circumstances has been described 

inn this chapter. A massive calcium ion (Ca++) influx into these cells plays an important role in the 

finall  common pathway of cell death. Câ  can enter neurones by voltage-sensitive calcium 

channelss or by agonist-operated calcium channels. Calcium antagonists acting on several subtypes 

off  these channels are capable of decreasing Câ  influx into ischaemic brain cells. In animal 

studies,, many calcium antagonists reduce infarct size or increase cerebral blood flow. However, 

clinicall  trials have been disappointing and at present an effective neuroprotective agent has not 

beenn identified. Results of clinical studies with agents which influence calcium homeostasis 

weree reviewed. Concerns about possible adverse effects of calcium antagonists acting on voltage-

sensitivee calcium channels were also addressed. 

Inn chapter  2 the results of the VENUS trial - Very Early Nimodipine Use in Stroke- were 

discussed.. This randomised, double-blind, placebo-controlled trial was designed to test the 

hypothesiss that early treatment with nimodipine has a positive effect on survival and functional 

outcomee after stroke. This was suggested in a previous meta-analysis on the use of nimodipine 

inn stroke. These positive results could not be reproduced in a recent Cochrane review. This led to 

thee early termination of VENUS, after an interim analysis. In the VENUS study, treatment was 

startedd by general practitioners or neurologists within 6 hours after stroke onset (oral nimodipine 

300 mg q.i.d. or identical placebo, for 10 days). Main analyses included comparisons of the 

primaryy endpoint (poor outcome, defined as death or dependency after 3 months) and secondary 

endpointss (neurological status and blood pressure 24 hours after inclusion, mortality after 10 

dayss and adverse events) between treatment groups. Subgroup analyses (on final diagnosis and 

basedd on the per-protocol dataset) were performed. At trial termination, after inclusion of 454 

patientss (225 nimodipine, 229 placebo), no effect of nimodipine was found. After 3 months 

follow-upp 32% (n = 71) of patients in the nimodipine group had a poor outcome, compared to 

27%% (n = 62) in the placebo group; (RR 1.2, 95% C.I. 0.9 - 1.6). Neither was a treatment effect 

foundd for secondary outcomes nor in the subgroup analyses. We concluded that the results of 
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VENUSS did not support the hypothesis of a beneficial effect of early nimodipine in stroke patients. 

Thee VENUS study was performed in a pre-hospital setting; the methodology of such a trial 

wass discussed in a separate chapter (chapter  3). In this randomised, double-blind, placebo-

controlledd trial, stroke patients were randomised by the general practitioner in order to allow 

startt of treatment within 6 hours after onset of symptoms. Outcome assessment (functional 

outcomee after 3 months) was performed by the trial office. Clear inclusion and exclusion criteria 

andd simple forms were designed. More than 1800 general practitioners agreed to co-operate, 

newss letters were sent and teaching courses were organised. A total of 454 patients were 

randomised.. An external validity study showed that 8 % of patients were included, 40% were 

excludedd correctly. Of included patients 24% should not have been randomised, based on 

exclusionn criteria. Neuroradiological imaging was performed in 307 patients, in 98% of these 

patients,, general practitioners diagnosed stroke correctly. Of all patients, 52% were admitted to 

aa hospital. Elderly patients and more severe strokes were admitted statistically significantly 

moree often. An acute stroke trial in a pre-hospital setting is possible, but difficult. The VENUS 

studyy suffered from a much lower inclusion rate than expected. General practitioners were 

unfamiliarr with randomised controlled trials and asking of informed consent, or sometimes 

weree too busy and forgot about the trial. Probably, an acute stroke trial with a smaller, more 

involvedd group of general practitioners will be more successful. 

Forr the Cochrane Collaboration we performed a systematic review on the use of calcium 

antagonistss in ischaemic stroke (chapter  4). The aim of this review was to determine whether 

calciumm antagonists reduce the risk of death or dependency after acute ischaemic stroke. Acute 

strokee trials were identifiedd with help of the Cochrane Collaboration Stroke Group and personal 

contacts.. All randomised trials (published and unpublished) investigating a calcium antagonist 

(actingg on voltage sensitive calcium channels) were included. Poor outcome, defined as death or 

dependency,, was used as main outcome. Analyses were, if possible, according to the "intention-

to-treat""  principle, and we calculated pooled relative risks with 95% confidence intervals. 

Forty-sevenn trials were identified of which 29 were included (7665 patients). No effect of 

calciumm antagonists on poor outcome (RR 1.04, 95% CI 0.98 to 1.09), or on death (RR 1.07, 

95%% CI 0.98 to 1.17) was found. Sensitivity analyses on route of administration or time interval 

betweenn stroke and start of treatment showed no effect on outcome. In subgroups of unpublished 

andd methodologically sound trials a statistically significant negative effect for calcium antagonists 

wass found. This contrasts with results of published trials and the results of trials with a moderate 

orr poor methodological quality. The presented evidence rules out a clinically important effect of 

calciumm antagonists after ischaemic stroke. The large amount of data leads to narrow confidence 
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intervalss with no significant heterogeneity, and the overall results are therefore likely to be 

robust. . 

Thee collection of data of unpublished studies (or additional data of published studies) is one 

off  the main problems in performing systematic reviews. In meta-analyses inclusion of data of 

alll  identified trials is crucial to diminish bias. With the introduction of trial registries, identification 

off  trials becomes easier. However, collecting all data from either principal investigators or 

pharmaceuticall  industries can be problematic. In chapter  5 we described the results of an inquiry 

whichh we performed within the Cochrane Stroke Review Group to make an inventory of the 

experiencess with pharmaceutical industries. A questionnaire was sent to 47 reviewers, which 

wass completed and returned by 39 (83%). Seventeen reviewers had contacted companies for 

data,, and their experiences were mixed. Some received all data needed without any problems, 

otherss never received any reply to their request. Companies do not have univocal policies. Success 

appearss to depend on being on good terms with staff members within a company. Prospective 

registrationn of trials is the first step in obtaining complete overviews, the next step addresses 

availabilityy of data. When working with pharmaceutical companies, clinical researchers should 

demandd the free availability of trial data for scientific use. 

Inn chapter  6 we went back to the basis of nimodipine research in stroke. Based on results of 

animall  experiments, clinical trials with nimodipine were performed, which in the end, did not 

showw a beneficial effect of treatment after ischaemic stroke. The aim of this study was to 

investigatee whether the evidence from animal experiments was unequivocally in favour of 

nimodipine,, which would mean that these models are inadequate to predict treatment response 

inn patients, or that the data of animal experiments were inconclusive, which would mean that 

thee clinical trials were based on insufficient evidence. We performed a systematic review of 

animall  experiments with nimodipine in focal cerebral ischaemia. Manuscripts were identified 

byy searching Medline and Embase, strict inclusion criteria were used. We assessed whether 

studiess showed a beneficial effect of active treatment or not. In depth-analyses were performed 

onn infarct size and amount of oedema, and subgroup analyses on length of time window to start 

off  treatment and methodological quality of studies. Of 225 identified manuscripts, 20 studies 

weree included. Methodological quality of studies was poor. 50% Of included studies were in 

favourr of treatment. In depth-analyses (of few studies) showed statistically significant effects in 

favourr of treatment. No influence of length of time to start of treatment or methodological 

qualityy on results was found. Reports on animal experiments with nimodipine, positive and 

negative,, continued to appear in the literature until 1997. It is surprising that these animal 

experimentss ran a course parallel to several clinical studies, were it would be reasonable to 
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assumee that the clinical studies are preceded by animal studies. 

Wee concluded that the results of this review did not show convincing empirical evidence to 

substantiatee the decision for trials with nimodipine in large numbers of patients. In fact, there 

weree no differences between the results of animals experiments and clinical studies. Surprisingly, 

wee found that animal experiments and clinical studies ran simultaneously. 

Inn the general discussion, the history of treatment with calcium antagonists acting on voltage 

sensitivee calcium channels is described, especially nimodipine in ischaemic brain lesions. 

Although,, in 1986, the first properly conducted animal experiments with nimodipine in focal 

cerebrall  ischaemia were reported, the first results of clinical studies were already reported in 

19822 by Gelmers. He had studied the effect of nimodipine on the cerebral blood flow in patients 

withh an acute ischaemic stroke. Subsequent reports on larger clinical trials, refer in the introduction 

too a single positive animal experiment, to the proven effectiveness of nimodipine in treatment of 

subarachnoidd haemorrhage, but primarily to the study of Gelmers et al. Animal experiments 

withh nimodipine in focal cerebral ischaemia, both positive and negative, were reported until 

1995,, and ran parallel to clinical studies. Although large trials with calcium antagonists showed 

noo beneficial effect, high expectations arose when a large trial found a positive effect in a post-

hocc subgroup analysis of patients treated within 18 hours after onset of symptoms. This was 

substantiatedd in a meta-analyses of trials with nimodipine in which a statistically significant 

effectt was found when patients were treated within 12 hours. These results could neither be 

confirmedd in our trial nor in the systematic review for the Cochrane Collaboration. In retrospect, 

wee can conclude that on the first waves of positive news about the beneficial effect of calcium 

antagonistss in the treatment of cerebral ischaemia, the subsequent steps in research have gone 

tooo fast. The available data from animal experiments were not addressed critically, which too 

earlyy led to clinical studies. 
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Hoofdstukk 1 is een inleidend hoofdstuk, waarin het onderwerp van dit proefschrift wordt 

toegelicht.. Omdat in Westerse landen beroertes de derde doodsoorzaak zijn en de meest 

voorkomendee oorzaak van beperkingen in het dagelijks functioneren, en verwacht wordt dat de 

incidentiee in de nabije toekomst toe zal nemen, wordt er momenteel veel onderzoek verricht om 

eenn effectieve behandeling te ontwikkelen. Een dergelijke behandeling is momenteel niet 

beschikbaar,, alhoewel trombolyse effectief is in een klein deel van de patiënten met een 

herseninfarct.. Het beschermen van de neuronen tegen de gevolgen van ischaemie is een 

aantrekkelijkee alternatief. Sommige neuroprotectieve medicijnen worden geacht de calcium 

homeostasee te beïnvloeden in de potentieel levensvatbare hersencellen in de ischaemische 

halfschaduw,, het gebied rondom de kern van het herseninfarct. In hoofdstuk 1 beschrijven we de 

calciumm homeostase in normale omstandigheden en gedurende ischaemie. Gedurende ischaemie 

ontstaatt een massale instroom van calcium ionen (Ca**), wat een belangrijke rol speelt in de 

reactiess die leiden tot celdood. Calcium ionen komen de neuronen binnen via de zogenaamde 

"voltage-sensitive""  calcium kanalen of via de "agonist-operated" calcium kanalen. Calcium 

antagonistenn kunnen door beïnvloeding van deze kanalen, de instroom van calcium ionen in de 

ischaemischee hersencel verminderen. Uit dierexperimenteel onderzoek is gebleken dat 

verscheidenee calcium antagonisten leiden tot afname van de omvang van het herseninfarct of tot 

eenn toename van de cerebrale doorbloeding. De resultaten van klinische studies met deze 

medicijnenn zijn tot nu toe teleurstellend, want er is nog geen effectief neuroprotectief medicijn 

beschikbaar.. De resultaten van klinische studies met medicijnen die de calcium homeostase 

beïnvloedenn hebben we samengevat. Ook de mogelijke bijwerkingen van calcium antagonisten 

diee werkzaam zijn op de "voltage-sensitive" calcium kanalen worden besproken. 

InIn hoofdstuk 2 worden de resultaten van het VENUS onderzoek beschreven. Dit ge-

randomiseerde,, dubbelblinde, placebo gecontroleerde onderzoek werd opgezet om de hypothese 

tee kunnen testen dat nimodipine, indien vroeg toegediend, het aantal patiënten dat overlijdt of 

afhankelijkk is na een beroerte vermindert. Dit werd gesuggereerd door de resultaten van een 

meta-analyse,, maar deze resultaten konden niet gereproduceerd worden in onze latere Cochrane 

review.. Dit leidde, na een interim analyse, tot het voortijdig beëindigen van het VENUS onderzoek. 

Inn het VENUS onderzoek werd de behandeling (oraal toegediende nimodipine, 30 mg 4 maal 

daags,, of een identieke placebo, gedurende 10 dagen), binnen 6 uur na de beroerte gestart door 

dee huisarts of neuroloog. In de analyses werden het primaire eindpunt (slechte uitkomst, 

gedefinieerdd als dood of afhankelijkheid na 3 maanden) en de secundaire eindpunten 

(neurologischh onderzoek en bloeddruk 24 uur na inclusie, overlijden na 10 dagen en ernstige 

bijwerkingen)) vergeleken tussen actieve behandeling en placebo. Subgroep analyses (betreffende 
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dee uiteindelijke diagnose en inclusie volgens het protocol) werden ook uitgevoerd. Na beëindigen 

vann het onderzoek werd (uit gegevens van 454 patiënten (225 nimodipine, 229 placebo)) geen 

effectt van nimodipine gevonden. Drie maanden na de beroerte had 32% (n = 71) in de nimodipine 

groepp een slechte uitkomst, vergeleken met 27% (n = 62) in de placebo groep; (RR 1.2,95% Cl. 

0.99 -1.6). Ook voor de secundaire uitkomst maten en in de subgroep analyses werd geen verschil 

gevonden.. We concludeerden dat de hypothese van een positief effect van vroeg toegediende 

nimodipinee bij patiënten met een beroerte, door de resultaten van het VENUS onderzoek niet 

werdenn ondersteund. 

Inn tegenstelling tot eerdere trials met nimodipine werd het VENUS onderzoek uitgevoerd buiten 

hett ziekenhuis. De methodologie van en dergelijk onderzoek werd besproken in hoofdstuk 3. Om 

aanvangg van behandeling binnen 6 uur na het ontstaan van de symptomen mogelijk te maken, 

werdenn patiënten in dit gerandomiseerde, dubbelblinde, placebo gecontroleerde onderzoek, door 

dee huisarts gerandomiseerd. Het bepalen van de uitkomst (functionele uitkomst na 3 maanden) 

werdd verricht door het onderzoeksbureau. Duidelijke in- en exclusie criteria werden opgesteld, 

enn simpele onderzoeks formulieren werden ontworpen. Ruim 1800 huisartsen zeiden hun 

medewerkingg toe; vanuit het onderzoeksbureau werden nieuwsbrieven verstuurd en cursussen 

georganiseerd.. In totaal werden 454 patiënten gerandomiseerd. Een studie naar de externe 

validiteitt liet zien dat maar 8% van alle patiënten werd geïncludeerd, 40% werd correct 

geëxcludeerd.. Achteraf had 24% van de patiënten niet geïncludeerd mogen worden in verband 

mett exclusie criteria. Neuroradiologisch onderzoek werd verricht bij 307 patiënten, de huisartsen 

blekenn terecht de diagnose beroerte te hebben gesteld bij 98% van de patiënten in deze groep. 

Vann alle patiënten in het VENUS onderzoek werd 52% opgenomen in het ziekenhuis. Oudere 

patiëntenn en patiënten met een ernstige beroerte werden statistisch significant vaker opgenomen. 

Onderzoekk in de acute fase van een beroerte buiten het ziekenhuis is mogelijk gebleken, maar is 

ookk moeilijk. Het aantal geïncludeerde patiënten in het VENUS onderzoek was beduidend lager 

dann verwacht. Huisartsen bleken onbekend met gerandomiseerde onderzoeken en het vragen 

vann toestemming aan patiënten voor deelname. Soms waren ze te druk of vergaten het onderzoek. 

Mogelijkk is een onderzoek in de acute fase van een beroerte met een kleinere groep, meer 

betrokkenn huisartsen, succesvoller. 

Voorr de Cochrane Collaboration verrichtten wij een systematic review over het gebruik van 

calciumm antagonisten bij het herseninfarct (hoofdstuk 4). Het doel van deze review was om vast 

tee stellen of calcium antagonisten het risico op overlijden of afhankelijkheid na een beroerte, 

verminderen.. Studies in de acute fase van een beroerte werden geïdentificeerd met hulp van de 

Cochranee Collaboration Stroke Group en door persoonlijke contacten. All e gerandomiseerde 
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studiess (gepubliceerd en ongepubliceerd) waarin het effect van een calcium antagonist (actief 

opp de "voltage-sensitive" calcium kanalen) werd onderzocht, werden geïncludeerd. Als 

belangrijkstee uitkomst maat werd "slechte uitkomst", gedefinieerd als dood of afhankelijk van 

anderenn in het dagelijks leven, gebruikt. We verrichten analyses, indien mogelijk, volgens het 

"intention-to-treat""  principe, en berekenden samengestelde relatieve risico's met 95% 

betrouwbaarheidss intervallen. In totaal vonden we 47 studies, waarvan 29 (7665 patiënten) konden 

wordenn geïncludeerd. We vonden geen effect van calcium antagonisten op het voorkomen van 

eenn slechte uitkomst (RR 1.04,95% Cl 0.98 tot 1.09) of het voorkomen van overlijden (RR 1.07, 

95%% Cl 0.98 tot 1.17). Sensitiviteits analyses over de wijze van toediening en het tijdsinterval 

tussenn de beroerte en de start van behandeling, lieten geen effect zien. In subgroep analyses van 

ongepubliceerdee studies en in methodologisch opzicht slechte studies werd een statistisch 

significantt negatief effect gevonden van calcium antagonisten. Dit in tegenstelling tot subgroep 

analysess van gegevens van gepubliceerde studies en studies met een matige tot slechte 

methodologischee kwaliteit. De resultaten sluiten een klinisch belangrijk effect van calcium 

antagonistenn na een herseninfarct uit. De grote hoeveelheid gegevens leiden tot kleine 

betrouwbaarheidsintervallenn zonder significante heterogeniteit, dus de resultaten zijn zeer 

waarschijnlijkk statistisch robuust. 

Hett verkrijgen van gegevens van ongepubliceerde studies (of aanvullende gegevens van 

gepubliceerdee studies) is een van de grootste problemen bij het verrichten van een systematic 

review.. In een meta-analyse is het van belang gegevens van alle geïdentificeerde studies te 

includerenn om bias te voorkomen. Met de registratie van klinische onderzoeken wordt het 

makkelijkerr studies te vinden, maar het verkrijgen van alle gegevens van ofwel de onderzoekers 

off  de farmaceutische industrie kan problematisch zijn. In hoofdstuk 5 beschreven we de resultaten 

vann een enquête die we hielden binnen de Cochrane Stroke Review Group om de ervaringen met 

dee farmaceutische industrie te inventariseren. De vragenlijst werd aan 47 reviewers toegestuurd 

enn werd ingevuld en teruggestuurd door 39 (83%). Zeventien reviewers hadden contact gezocht 

mett industrieën om gegevens te vragen. De ervaringen waren wisselend, sommigen kregen alles 

watt ze nodig hadden zonder enig probleem, maar anderen ontvingen nooit enig bericht in antwoord 

opp hun vragen. De industrieën lijken geen eenduidig beleid te hebben ten aanzien van dit soort 

verzoeken.. Succes hangt voor een groot deel af van goede contacten binnen het bedrijf in kwestie. 

Prospectievee registratie van studies is een eerste stap op weg in het verkrijgen van complete 

overzichten,, de volgende stap betreft de beschikbaarheid van gegevens. Klinische onderzoekers 

dienen,, als ze samenwerken met een farmaceutische industrie, te eisen dat de gegevens 

beschikbaarr worden gesteld voor wetenschappelijke doeleinden. 
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Inn hoofdstuk 6 zijn we teruggegaan naar de basis van het onderzoek met nimodipine. 

Gebaseerdd op de resultaten van dierexperimenteel onderzoek werden klinische trials verricht, 

diee geen positief effect van nimodipine bij herseninfarcten lieten zien. Het doel van dit onderzoek 

wass te onderzoeken of het bewijs van de dierexperimentele studies eenduidig in het voordeel 

vann nimodipine was, wat zou betekenen dat de dierexperimentele modellen niet in staat zijn het 

effectt bij patiënten te voorspellen, of dat de dierexperimentele modellen geen eenduidige 

resultatenn lieten zien, in welke situatie de klinische studies gebaseerd zouden zijn op onvoldoende 

wetenschappelijkk bewijs. We verrichten een systematic review van de dierexperimenten met 

nimodipinee bij focale cerebrale ischaemie. Medline en Embase werden doorzocht om artikelen 

tee identificeren, waarbij strikte inclusie criteria werden gebruikt. We beoordeelden of de studies 

eenn positief effect van actieven behandeling lieten zien, of niet. We verrichtten ook meer 

gedetailleerdee analyses over omvang van het infarct en de hoeveelheid oedeem, en subgroep 

analysess naar de tijdsduur tot de start van behandeling en de methodologische kwaliteit van de 

studies.. Van de 225 geïdentificeerde studies werden 20 geïncludeerd. De methodologische 

kwaliteitt van de studies was slecht. 50% van de geïncludeerde studies liet een positief effect van 

behandelingg met nimodipine zien. De gedetailleerde analyses resulteerden in een statistisch 

significantt positief effect van nimodipine (mogelijk van 10 studies). Tijdsduur tot behandeling 

enn methodologische kwaliteit van de studies hadden geen invloed op het effect. Verschillende 

auteurss hebben het onderscheid tussen dierexperimentele modellen van cerebrale ischaemie en 

klinischee studies reeds benadrukt. Terugkijkend concluderen we dat er geen overtuigend 

wetenschappelijkk bewijs was dat de beslissing om nimodipine in klinische setting te gaan testen 

ondersteunde.. Dierexperimentele studies met positieve en negatieve resultaten werden 

gepubliceerdd tot 1997. Het is verrassend dat deze dierexperimenten parallel liepen met klinische 

studies,, waar men zou verwachten dat klinische studies voorafgegegaan worden door 

dierexperimentelee studies. 

Wee concludeerden dat de resultaten van deze review geen overtuigend bewijs liet zien dat de 

stapp naar klinische studies in grote groepen patiënten rechtvaardigde. Eigenlijk zijn er geen 

grotee verschillen tussen de resultaten van dierexperimentele experimenten en de resultaten van 

klinischee studies. 

Inn de algemene discussie wordt de geschiedenis beschreven van de behandeling van het 

herseninfarctt met calcium antagonisten werkzaam op "voltage-sensitive" calcium kanalen, meer 

inn het bijzonder nimodipine. Alhoewel in 1986 de eerste resultaten van correct uitgevoerde 

dierexperimentenn met nimodipine in focale cerebrale ischaemie werden gepubliceerd, werden 

dee eerste resultaten van klinische studies al in 1982 gerapporteerd door Gelmers, die het effect 

vann nimodipine op de cerebrale doorbloeding bij patiënten met een herseninfarct bestudeerde. 
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Inn de inleiding van de manuscripten van latere grotere klinische studies met nimodipine werd 

verwezenn naar een enkel positief dierexperiment, het inmiddels bewezen effect van nimodipine 

inn de behandeling van patiënten met een subarachnoidal bloeding, maar vooral naar de positieve 

resultatenn van Gelmers et al. De resultaten van dierexperimenteel onderzoek met nimodipine in 

modellenn van focale cerebrale ischaemie werden, met positieve en negatieve resultaten, 

gepubliceerdd tot 1995 en liepen parallel met klinische studies. Alhoewel in grote studies met 

calciumm antagonisten geen positief effect werd gevonden, ontstond opnieuw hoop toen in een 

post-hocc analyse van de Amerikaanse nimodipine studie een positief effect werd gevonden bij 

patiëntenn die binnen 18 uur na het ontstaan van de symptomen waren behandeld. Dit werd 

verderr versterkt door een meta-analyse van studies met nimodipine, waarin een statistisch 

significantt positief effect werd gevonden bij patiënten behandeld binnen 12 uur. Deze resultaten 

kondenn echter niet worden bevestigd in onze trial of in onze systematic review voor de Cochrane 

Collaboration.. Terugblikkend, kunnen we concluderen dat op de golven van positief nieuws 

overr calcium antagonisten bij de behandeling van herseninfarcten, de volgende stappen in het 

onderzoekk te snel zijn gezet. De beschikbare gegevens van dierexperimenteel onderzoek werden 

niett kritisch beoordeeld, wat te vroeg tot klinische studies leidde. 
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CalciumCalcium antagonists in stroke / Calcium antagonisten bij het herseninfarct 

Inn Nederland worden ieder jaar ongeveer 26.000 mensen getroffen door een beroerte, ook 

well  CVA (cerebrovasculair accident) genoemd. CVA's staan op de derde plaats als doodsoorzaak 

(naa hartziekten en kanker) en op de eerste plaats als veroorzaker van invaliditeit. In ongeveer 

20%% van alle CVA's gaat het om een hersenbloeding, in 80% om een herseninfarct. Het 

herseninfarctt wordt veroorzaakt door een afsluiting van een slagader in de hersenen. Hierdoor 

ontstaatt een zuurstoftekort (ischaemie), wat tot schade aan de hersencellen leidt. Ondanks het 

herstell  van doorgankelijkheid van de slagader resulteert een herseninfarct vaak in blijvende 

schadee in de hersenen waardoor de patiënt in meer of mindere mate gehandicapt wordt. 

Opp dit moment is een goede opvang van patiënten in de acute fase en snelle aanvang van 

revalidatiee de best mogelijke behandeling. Een klein deel van de patiënten kan behandeld worden 

mett medicijnen die de afsluiting van de slagader oplossen, de zogenaamde thrombolytica. Dit 

dientt echter binnen 3 uren na het ontstaan van het herseninfarct te worden toegediend en kan 

alleenn worden gegeven bij een relatief klein infarct. Slechts 10% van alle patiënten voldoet aan 

dezee eisen. 

Eenn andere mogelijkheid is het beschermen van de hersencellen tegen de secundaire schade 

vann het ontstane zuurstof- en brandstof tekort. In de kern van het herseninfarct leidt dit tekort 

snell  tot celdood. In het gebied direct rond deze kern, de zogenaamde ischaemische halfschaduw, 

ontstaatt in cellen een relatief tekort. Hierdoor kunnen ze niet meer functioneren (de neurologische 

uitvalsverschijnselenn van de patiënt worden mede door deze cellen veroorzaakt), maar ze blijven 

well  enige uren intact. In deze cellen ontstaan verschillende chemische reacties waardoor ze 

vaakk alsnog te gronde gaan. De cel wordt "vergiftigd", onder andere door een massale instroom 

vann calcium ionen. Een medicijn wat deze chemische reacties vertraagt of tegen gaat (een 

zogenaamdee neuroprotectieve stof), zou de uiteindelijke schade in de hersenen kunnen beperken, 

waardoorr de patiënt minder gehandicapt wordt. 

Voorr dit onderzoek heb ik verschillende aspecten van deze mogelijke behandeling onderzocht. 

Allereerstt heb ik, een overzicht geschreven van de stoffen die zijn getest in dierexperimenten en in 

klinischh onderzoek. In dierexperimenteel onderzoek lieten verschillende medicijnen een duidelijke 

afnamee van de grootte van het herseninfarct zien. Echter, in deze experimenten wordt het medicijn 

voorr of direct na het afsluiten van een slagader toegediend en zijn de proefdieren meestal jong en 

gezond.. Dit maakt een vergelijking met de situatie in de kliniek moeilijk. Patiënten met een 

herseninfarctt zijn meestal oud en hebben vaak diabetes en hypertensie. Toch leidden de positieve 

resultatenn van de dierexperimenten tot verder onderzoek, allereerst op gezonde vrijwilligers (fase 

II  onderzoek). Aansluitend werd het middel toegediend aan patiënten met een herseninfarct. Hierbij 

wordtt getest in welke dosering patiënten het middel verdragen (fase II onderzoek). Een aantal 
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veelbelovendee stoffen, zoals Selfotel en Dextrorphan leidden tot ernstige bijwerkingen en werden 

niett verder getest. Als een medicijn door de fase II studies heen komt, kan onderzoek beginnen 

naarr de effectiviteit van het medicijnen. Neemt het aantal patiënten wat overlijdt of ernstig 

gehandicaptt wordt na een CVA af door toediening van dit medicijn? Hiertoe dient een 

gerandomiseerd,, placebo-gecontroleerd, dubbelblind onderzoek te worden verricht. 

Uitt een meta-analyse van klinische trials bleek dat nimodipine, een calcium antagonist die de 

instroomm van calcium via 'L-type voltage sensitive calcium channels' blokkeert, een gunstig 

effectt op de uitkomst na een herseninfarct zou hebben, mits toegediend binnen 12 uren na het 

herseninfarct.. Een positief effect van een subgroep analyse kan berusten op louter toeval en 

dientt dus te worden onderzocht in een goed opgezette trial. Hiertoe is het VENUS (very early 

nimodipinee use in stroke) onderzoek opgezet. In dit onderzoek werd nimodipine (4 maal daags 

300 mg, gedurende 10 dagen) of placebo binnen 6 uren na het ontstaan van de symptomen gestart. 

Aangezienn in Nederland de huisarts een patiënt met een CVA meestal als eerste ziet, werden 

huisartsenn benaderd voor dit onderzoek. In totaal deden 1800 huisartsen mee, we hoopten hiermee 

inn ongeveer 2 jaren 1500 patiënten met een CVA in de studie te kunnen opnemen. 

Tijdenss deze trial hebben we zelf ook een meta-analyse verricht voor de Cochrane 

Collaborationn waarin de behandeling van CVA patiënten met een calcium antagonist (behalve 

nimodipinee ook andere calcium antagonisten zoals flunarizine en isradipine) werd geëvalueerd. 

Inn totaal vonden we 46 trials waarvan de gegevens van 28 (7521 patiënten) konden worden 

geanalyseerd.. Deze medicijnen bleken niet te leiden tot minder patiënten die overleden of ernstig 

gehandicaptt werden (OR 1.07, 95% Cl 0.97 totl .18), ook niet als de medicijnen binnen 12 uren 

naa het ontstaan van symptomen werden toegediend (OR 1.13, 95% Cl 0.94 tot 1.36). 

Hierdoorr ontstond twijfel over de wetenschappelijke basis van het VENUS onderzoek, wat 

leiddee tot een interim analyse. De onafhankelijke commissie die deze analyse uitvoerde adviseerde 

hett onderzoek te stoppen. Na inclusie van 454 patiënten werd het onderzoek gestopt, analyse 

vann de resultaten liet geen effect zien, hooguit was er sprake van een trend (niet statistisch 

significant)) ten nadele van nimodipine bij patiënten met een herseninfarct. 

Eenn van de bijzondere aspecten van het VENUS onderzoek was het feit dat patiënten werden 

gerandomiseerdd door de huisarts. Ondanks dat de opzet zo makkelijk mogelijk was gehouden 

(duidelijkk in- en exclusiecriteria en simpele formulieren), bleek het toch lastig voor huisartsen 

omm patiënten in de studie op te nemen. Uit een zijlij n studie naar de externe validiteit bleek dat 

maarr 8% van alle patiënten die de huisartsen zagen in de studie opgenomen werd. Bij 60% was 

sprakee van exclusie criteria, bij 32% vergat de huisarts het VENUS onderzoek of was hij niet 

zekerr genoeg van de diagnose om patiënt te includeren. Het stellen van de diagnose CVA ging 

dee huisartsen redelijk goed af. Bij 98% van de 307 patiënten bij wie een CT- of MRI scan van de 

hersenenn werd gemaakt, klopte de diagnose. 
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Aann de basis van de klinische trials met nimodipine stond dierexperimenteel onderzoek. 

Omdatt nu met zekerheid gezegd kan worden dat nimodipine geen effect heeft bij patiënten met 

eenn herseninfarct vroegen we ons af of die klinische trials, waar vele duizenden patiënten aan 

deelnamen,, gerechtvaardigd waren. Daartoe hebben we het dierexperimenteel onderzoek nog 

eenss kritisch beoordeeld. Als strikt gekeken wordt naar experimenten waarin nimodipine of een 

placeboo werd toegediend na afsluiting van een slagader leidend tot plaatselijke ischaemie in de 

hersenen,, blijkt deze basis niet erg stevig. In de medische literatuur vonden we 225 artikelen 

overr het effect van nimodipine bij CVA's, slechts 20 bleken te voldoen aan de bovenbeschreven 

criteria.. Hierin waren in totaal 234 dieren (o.a. ratten en katten) behandeld met nimodipine, 216 

dierenn kregen placebo. De resultaten van 10 van de 20 studies waren negatief, nimodipine had 

geenn ander effect dan placebo. Achteraf kunnen we stellen dat de dierexperimenten geen 

overtuigendd bewijs leverden voor een positief effect van nimodipine en dat de beslissing om 

nimodipinee in klinische setting te gaan testen zeer twijfelachtig was. Echter, de publicatie van 

dee eerste positieve klinische trial in 1988 leidde tot een algeheel positief gevoel. Verschillende 

grotee trials, waar meer dan 6500 patiënten aan deelnamen, volgden. Resultaten van 

dierexperimentenn met nimodipine werden gepubliceerd tot 1995, de eerste resultaten van 

onderzoekk bij de mens werden in 1982 gepubliceerd. In tegenstelling tot wat men zou verwachten 

liepenn dierexperimentele studies en klinische trials dus parallel. Terugblikkend, kunnen we 

concluderenn dat op de golven van positief nieuws over calcium antagonisten bij de behandeling 

vann herseninfarcten, de volgende stappen in het onderzoek te snel zijn gezet. De beschikbare 

gegevenss van dierexperimenteel onderzoek werden niet kritisch beoordeeld, wat te vroeg tot 

klinischee studies leidde. 
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Martienn Limburg, in 1994 durfde je het aan om mij bij jouw grote CVA onderzoek te betrekken. 

Daarmeee loodste je me de neurologie binnen en leerde je me diep en methodologisch na te 

denkenn over onderzoek. Toen je me vroeg of ik het VENUS onderzoek (die naam kwam overigens 

pass veel later) wilde gaan doen, was dat een grote eer en uitdaging. Dank voor je niet aflatende 

steun,, ook toen onze werkplekken ver uit elkaar lagen. Via verschillende media lukte het altijd 

contactt te houden. 

Rienn Vermeulen, dank voor de steun tijdens het VENUS onderzoek en het vertrouwen watje 

ookk later in mij hield. Regelmatig ging ik met lood in mijn schoenen naar de 

dinsdagmiddagbijeenkomstt waar ji j en Els van der Linden mij (meestal) bemoedigend toespraken. 

OokOok na mijn vertrek uit het AMC bleef je enthousiast over de stukjes waar ik mee bezig was. 

Robb de Haan, je methodologische steun was onmisbaar, ik snap nog steeds niet alles, maar 

mett jouw hulp ben ik er altijd wel uitgekomen. 

Dee dames van het trialbureau neurologie. We begonnen met z'n allen op H6 vol goede moed. 

Hett aantal computers, telefoons en mappen met papier nam gestaag toe. 

Ellen,, zonder jouw overzicht en accuratesse zouden we ondergesneeuwd zijn in de papieren. 

Ookk lang na de afronding kon ji j vaak nog materiaal terugvinden waarvan ik het bestaan al lang 

vergetenn was. 

Linda,, lange tijd hield ji j VENUS min of meer alleen gaande. Martien in de USA, Ik in het 

verree Oosten. Meer dan telefonisch contact was vaak niet mogelijk. Je deed het prima, bedankt. 

Annick,, Annet, Margreet en Rolinka, alhoewel niet direct betrokken bij VENUS was het erg 

fij nn dat julli e er waren. De interesse over en weer was hartverwarmend en bij problemen waren 

julli ee altijd bereid even in te springen. 

Dee collegae arts-assistenten in Enschede, vooral bedankt voor julli e geduld en het overnemen 

vann werkzaamheden als ik weer eens een middag in het AMC zat. Al mijn gezucht en gesteun 

alss er weer een stuk geweigerd was hebben julli e aan moeten horen. Desondanks bleven julli e 

geïnteresseerdd in de vorderingen. Vooral tijdens de laatste loodjes hebben julli e meegeleden, 

eenn feestje hebben julli e zeker verdiend. 

OokOok de neurologen van het MST te Enschede wil ik bedanken voor de interesse en soepele 

opstellingg als ik weer eens afwezig was. 

Papp en mam, mijn "scriptie" is eindelijk af, ik schrijf de komende tijd geen stukjes meer 

(eventjes(eventjes in ieder geval). Dank voor julli e altijd aanwezige steun, het is een goed gevoel altijd 
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eenn plek te hebben waar je welkom bent en waar je op terug kunt vallen. 

Inekee en Hans en Erik, julli e behoren ook tot dat veilige 'thuis'. Logischerwijs gaan we 

allemaall  steeds meer onze eigen weg, maar het basale gevoel van verbondenheid doet goed. 

Al ss één na laatsten mijn paranimfen: Els, eigenlijk ben je lange tijd veel meer dan een zus 

voorr me geweest. Samen op vakantie, wandelen door heel europa, fietsen door heel NL. Goede 

herinneringenn heb ik daar aan. Ook als fijngevoelig geweten treed je soms op. Niet altijd makkelijk 

voorr mij, maar (helaas) vaak wel terecht. 

Laetitia,, sinds je komst naar Enschede heb ik het gevoel er een goede vriendin bij te hebben. 

Samenn met jou op een afdeling werkt geweldig. We lachen en huilen ons samen door de 

werkzaamhedenn heen. 
Hett feit dat julli e mij terzijde zullen staan bij mijn promotie doet me deugd. 

Al ss laatste Ivo. Je meest gestelde vraag kan ik vanaf vandaag met een volmondig "ja" 

beantwoorden.. De komende tijd hoefje geen "onderzoekscoach" meer te zijn, alhoewel je die 

roll  prima hebt vervuld. Tijd om samen de grote wereld te gaan verkennen? 
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AOCC C 

ATP P 
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FU U 
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BloodBlood Pressure 

Cerebrall  Blood Flow 

Commonn Carotid Artery 
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Centrall  Nervous System 
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Stellingen n 
bi jj  het proefschrift 

Calciumm Antagonists in Stroke 

11 Calcium antagonisten werkzaam op 'spannings gevoelige calcium kanalen', zijn niet 

effectieff  bij de behandeling van patiënten met een herseninfarct. 

22 In tegenstelling tot de volgorde van het onderzoek naar het effect van nimodipine bij het 

herseninfarct,, dient dierexperimenteel onderzoek vóóraf te gaan aan het klinisch onderzoek. 

33 De beslissing klinisch onderzoek naar de effectiviteit van een behandeling te verrichten 

dientt gebaseerd te zijn op een meta-analyse waarin de gegevens van al het verrichte 

dierexperimentelee onderzoek worden betrokken. 

44 De resultaten van het dierexperimenteel onderzoek met nimodipine bij focale cerebrale 

ischaemiee zijn niet verschillend van die van het klinisch onderzoek. 

55 Bij onverwachte resultaten van onderzoek dient te worden teruggekeerd naar het beginpunt 

omm eerdere resultaten opnieuw kritisch te beoordelen. 

66 Ook voor wetenschappelijk onderzoek geldt dat in het verleden behaalde resultaten geen 

garantiee bieden voor de toekomst. 

77 Farmaceutische industrieën moeten worden verplicht alle gegevens van klinische studies 

voorr meta-analyses af te staan. 

88 Het is onethisch dat artsen hun patiënten vragen mee te werken aan wetenschappelijk 

onderzoekk waarvan de gegevens niet ter beschikking komen voor meta-analyses. 

99 Een acute interventie studie bij patiënten met een beroerte in de huisartsenpraktijk is 

mogelijk. . 

100 Twijfelende huisartsen includeren niet. 

111 Niet werkzame stoffen, zonder bijwerkingen, worden het best onderzocht 

122 Zelfs dierexperimenteel onderzoek blijkt dubbelblind te kunnen worden uitgevoerd. 

133 Bij hardlopen is een juiste inzet van de armen onontbeerlijk. 

144 Voor sport en onderzoek geldt hetzelfde: "You've got to get obsessed and stay obsessed" 

(Coachh Bob, The Hotel New Hampshire door John Irving) 

155 Zonder werkster geen wetenschapster. 
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