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Introduction 
Although case fatality after aneurysmal subarachnoid haemorrhage (SAH) has declined 
over the past decades, the disease still has a poor prognosis: almost 40% of all patients 
die and of the surviving patients, and about 20% remain dependent for daily activities.1,2 

The clinical condition at admission and the amount of blood on the initial CT scan, both 
reflecting the severity of SAH, are important predictors of a poor outcome after SAH, 
defined as death or dependency for activities of daily life.3,4 Apart from the impact of 
the initial bleeding, there are several neurological and systemic complications that can 
contribute to a poor clinical outcome. There are 3 important  neurological complications 
that can occur after a SAH: rebleeding, delayed cerebral ischaemia and hydrocephalus.5 

To prevent rebleeding, the ruptured aneurysm has to be occluded by means of endovas-
cular coiling or neurosurgical clipping. The International Subarachnoid Aneurysm Trial 
(ISAT) has shown, that coiling leads to a better outcome than clipping in patients who are 
eligible for both treatment modalities.6,7 Hydrocephalus can be present at the admission 
CT scan, or can develop later in the disease mostly presenting with a gradual decrease in 
consciousness.5 Treatment consists of lumbar punctures or ventricular drainage. Delayed 
cerebral ischemia (DCI) is a complication that occurs in one fourth to one third of all 
patients mostly between the 4th and 10th day after the haemorrhage.8 DCI is an impor-
tant cause of death and disability in patients who survive the initial bleeding.9 The exact 
pathophysiology is still unclear. Intracranial vasospasm plays a role, but is not the sole 
cause of DCI, as patients with vasospasm do not always develop DCI and patients with 
DCI do not always have vasospasm.10 The only proven therapy of DCI consists of oral 
nimodipine 360 mg per day.11 Magnesium is a promising agent to reduce the occurrence 
of DCI and poor outcome.12 Triple H therapy, consisting of hypertension, hypervolaemia 
and haemodilution, is often used but evidence of its effectiveness is lacking.13

Besides neurological complications, different systemic complications can occur after SAH 
that can contribute to a poor clinical outcome.14 Metabolic disturbances like hypomagne-
saemia, hyponatraemia and hyperglycaemia often occur and are associated with a poor 
clinical outcome.14-18  Hyponatraemia occurs in 30-60% of all patients, and can be due to 
the syndrome of inappropriate ADH production or cerebral salt wasting syndrome.19-21 

Hyperglycaemia may be partly due to a generalised stress reaction. Hypovolaemia is a 
well-known factor that is associated with poor outcome, and the aim is to maintain nor-
movolaemia in SAH patients.22,23 As for stroke in general, fever is also associated with poor 
clinical outcome after SAH.24
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To conduct clinical research in SAH patients, different grading scales to score clinical 
condition at admission and clinical outcome are being used. Clinical condition is mostly 
measured with the World Federation of Neurological Surgeons scale (WFNS) or the 
Hunt & Hess scale.25,26 Both scales are based on expert opinion and there is no consensus 
world-wide on which scale to use. Clinical outcome is mostly assessed with the modified 
Rankin Scale or the Glasgow Outcome Scale, which have been validated for this purpose.27

Outline of the thesis

Complications after subarachnoid haemorrhage

It is well known that SAH patients often have hyperglycaemia, and in chapter 2 we studied 
whether patients with hyperglycaemia have a higher risk of poor outcome than patients with 
lower glucose levels. In chapter 3, we assessed whether intracisternal or intraventricular 
blood and the severity of hydrocephalus on the initial CT scan are predictors for fever 
after SAH. Decreased cerebral perfusion on the admission CT scan is a risk factor for the 
development of DCI. As hydrocephalus might also lead to decreased cerebral perfusion, 
we studied in chapter 4 whether severity of hydrocephalus on the initial CT scan is related 
to a higher chance of DCI. Brain natriuretic peptide is a hormone that is elevated after 
SAH and we studied its relationships with hypovolaemia, hyponatraemia, DCI and poor 
outcome in chapter 5.

Grading scales in subarachnoid haemorrhage

In chapter 6 we assessed the validity of a new SAH admission scale in comparison with the 
commonly used WFNS scale. We then assessed the interrater reliability of these 2 scales 
and of the Hunt & Hess scale, an SAH admission scale mostly used in the US, in chapter 
7. In chapter 8 we discuss the reliability of the mRankin scale, a commonly used outcome 
scale, when performed with a telephone interview compared with a face to face interview.  

Therapy after subarachnoid haemorrhage

In chapter 9 we describe a systematic review on the effects of antiplatelet therapy on DCI, 
rebleeding and poor outcome after SAH. Likewise, we describe in chapter 10 the effects 
of calcium antagonists, including magnesium. In chapter 11 we assessed whether there 
are differences in occurrence and impact of DCI between patients whose aneurysms were 
treated with endovascular coiling versus patients treated with neurosurgical clipping. In 
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chapter 12, timing of aneurysm treatment is related to occurrence of DCI and poor outcome. 
In chapter 13 we studied whether the level of serum magnesium influences the effect on 
DCI and poor outcome, in SAH patients treated with 64 mmol magnesium sulphate per 
day. Apart from the assumed beneficial effect of magnesium on poor outcome, in chapter 
14 we discuss the effect of magnesium therapy on headache. Finally, chapter 15 describes 
the results of the MASH-II study: a large phase 3 randomised placebo controlled trial on 
magnesium therapy in SAH patients. Finally, in the general discussion the main findings 
of this thesis are discussed and implications for future research are given. 
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ABSTRACT
Background: High blood glucose levels are associated with poor outcome in several 
conditions including ischaemic stroke.

Methods: In a cohort of 337 patients with subarachnoid haemorrhage (SAH), we 
investigated the relationship between blood glucose levels, baseline characteristics, and 
outcome by means of Student’s t-test and multivariate logistic regression.

Results: The mean glucose levels on admission and from day 1 to 10 were significantly 
higher in patients with poor condition on admission and in patients with poor outcome. 
In a multivariate analysis, glucose level on admission was not an independent predictor 
of outcome.

Conclusions: Hyperglycaemia may be a link in the association between poor condition 
on admission and poor outcome.
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BACkgRound 
High blood glucose level is associated with poor outcome in several conditions, including 
ischaemic stroke.1 Although hyperglycaemia is probably a consequence of a stress response 
induced by the cerebral insult, recent studies suggest that acute hyperglycaemia also has 
an independent adverse effect on outcome in stroke patients.2,3 We investigated, in a large 
cohort of patients with subarachnoid haemorrhage (SAH), whether hyperglycaemia is 
associated with poor outcome after SAH. 

METHodS

Patients

Patients were selected from a prospectively collected database of all patients with SAH who 
were admitted to our hospital. Inclusion criteria for the current study were 1) admission 
to our hospital between January 1993 and December 1999 and 2) admission and glucose 
measurement within 24 hours after the onset of the SAH. Aneurysmal SAH was diagnosed 
if an aneurysm was confirmed by conventional or CT or MR angiography or if CT showed 
a typical pattern of haemorrhage when patients were in too poor a clinical condition to 
undergo CT or MR angiography. The severity of the SAH on admission was graded by 
means of the World Federation of Neurologic Surgeons grading scale.4 The amount of 
cisternal and intraventricular blood on the initial CT was graded by means of the Hijdra 
score.5 All glucose measurements were performed in nonfasting condition. The first known 
glucose level for each patient was used as the glucose level at admission. Glucose was 
measured for all patients every other day until at least day 10. Antihyperglycaemic therapy 
was applied only if glucose levels were beyond 10 mmol/L. Patients were on a normal diet 
when possible and on IV fluids (0.9% NaCl) when necessary. Potassium was administered 
only in case of hypokalaemia. The Glasgow Outcome Scale (GOS) at 3 months after the 
SAH was used as outcome measure.6 This scale was dichotomised into poor (death or 
dependency; GOS 1, 2, or 3) and good (good recovery or moderate disability; GOS 4 or 
5) outcome.

Data analysis

We studied whether glucose levels on admission were related to the condition on admission, 
age, sex, amount of cisternal blood, and clinical outcome after 3 months with nonpaired 
Student’s t-tests or nonparametric tests, as appropriate. Subsequently, we studied the 
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course of the mean glucose levels from day 1 until day 10, and for each day, we compared 
glucose levels between patients with good and poor outcome by means of Student’s t-tests. 
Odds ratios (OR) with 95% CI were calculated for the association between glucose levels 
on admission and clinical outcome by means of logistic regression. In bivariate analyses, 
we determined the influence of other covariates on the relationship between glucose and 
clinical outcome. In a multivariate analysis, we adjusted for all identified confounders 
simultaneously. In these regression analyses, the GOS was introduced as a dichotomous 
variable and all other variables as continuous variables.

RESuLTS

Clinical characteristics of patients

From January 1993 through December 1999, 389 patients were admitted to our hospital 
within 24 hours after the SAH. Glucose measurements at admission were missing in 52 
patients, who were excluded from the study.

Glucose levels on admission and from day 1 to 10

Mean glucose levels on admission were higher in patients with a poor clinical condition 
(11.4 mmol/L; SD 3.4 mmol/L) than in patients with a good clinical condition (8.0 mmol/L; 
SD 2.0 mmol/L), with a mean difference of 3.4 mmol/L (95% CI 2.7 to 4.0 mmol/L). Patients 
older than 60 years had higher glucose levels on admission (10.6 mmol/L; SD 3.6 mmol/L) 
than patients aged 60 or younger (9.0 mmol/L; SD 2.8 mmol/L), with a mean difference of 
1.6 mmol/L (95% CI 0.8 to 2.3 mmol/L). There was no difference in mean glucose levels on 
admission between women (9.5 mmol/L; SD 3.1 mmol/L) and men (9.4 mmol/L; SD 3.3 
mol/L). The mean glucose level on admission was higher in patients with poor outcome 
(10.5 mmol/L; SD 3.3 mmol/L) than in patients with good outcome (8.1 mmol/L; SD 2.2 
mmol/L), with a mean difference of 2.4 mmol/L (95% CI 1.8 to 3.0 mmol/L). Figure 2.1 
shows the mean daily glucose levels with corresponding 95% CI from admission through 
the 10th day for patients with SAH with poor and good clinical outcome. In both groups, 
the glucose level on admission was elevated compared with normal values. The mean daily 
glucose levels for patients with poor clinical outcome were higher than for patients with 
good clinical outcome for each day.
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Glucose and outcome in multivariate analysis

The crude OR for each increase of the glucose level on admission with 1 mmol/L and 
poor clinical outcome was 1.43 (95% CI 1.28 to 1.59) (Table 2.1). In the bivariate analyses, 
clinical condition on admission and the amount of subarachnoid blood changed the crude 
OR by 5%. After adjustment for these variables, glucose level on admission was no longer 
an independent predictor of poor clinical outcome (OR 1.07, 95% CI 0.90 to 1.21).

Figure 2.1 Mean glucose levels from day of admission through day 10 for poor and for good 
outcome with 95% CI.

Table 2.1 Odds ratios for increase in glucose level by 1 mmol/L and clinical outcome

Variable Adjusted for Odds ratio (95% CI)

Glucose 1.43 (1.28 to 1.59)

Clinical condition on admission 1.14 (1.01 to 1.29)

Amount of subarachnoid blood 1.36 (1.22 to 1.51)

Age 1.40 (1.26 to 1.57)

Sex 1.43 (1.28 to 1.59)

Clinical condition and amount of subarachnoid blood 1.07 (0.90 to 1.21)
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dISCuSSIon
In this study, we found that glucose levels were elevated in all patients on admission and 
associated with the severity of the SAH, as reflected by clinical condition on admission and 
the amount of cisternal blood on the initial CT. Moreover, glucose levels on admission were 
associated with outcome after SAH but were not an independent predictor for outcome. 
The condition on admission was the strongest predictor for outcome, as has been found 
previously.7 From admission through day 10, glucose levels remained higher for patients 
with poor clinical outcome than for patients with good clinical outcome on each day. These 
results suggest that glucose levels merely represent the severity of the cerebral event. As 
glucose levels are associated with the clinical condition on admission, hyperglycaemia 
could be a contributing factor in the pathway from poor condition to a poor outcome. A 
recent study on glucose and ischaemic stroke has shown that the viability of hypoperfused 
cerebral tissue is diminished by hyperglycaemia.2 In acute ischaemia, there is hypoperfused 
tissue, which can be adversely affected by hyperglycaemia. 

An important limitation of our study is that we had to exclude some patients in whom 
glucose levels were not known on admission. Probably this patient group had different 
baseline characteristics than the group with known glucose levels. We did not exclude 
patients with diabetes, because we investigated the relation of glucose levels per se with 
initial condition and outcome, independent of the cause of the hyperglycaemia. We used 
a large patient group, and all glucose measurements were performed within 24 hours, 
which supports the validity of our results. Previous studies that addressed aspects of glu-
cose and condition on admission or outcome found an independent association between 
high glucose levels and poor outcome.8-10 One study included patients up to 72 hours 
after the onset of the SAH, and two studies did not state the time between the SAH and 
admission. A long interval between the SAH and admission might explain why the results 
showed an independent association between glucose and poor outcome. Clinical admis-
sion can improve dramatically within 72 hours, whereas high glucose level on day 3 can 
be a reflection of the severity of the SAH on day 1. We conclude that hyperglycaemia on 
admission is associated with the severity of the SAH and with poor outcome but is not an 
independent predictor of poor outcome. Hyperglycaemia may be a link in the pathway 
from poor condition on admission to poor outcome. Studies to test the effectiveness of 
antihyperglycaemic treatment in patients with SAH may be worthwhile. 
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ABSTRACT
Background: Fever after aneurysmal subarachnoid haemorrhage (SAH) is associated 
with poor outcome. Because hydrocephalus and extravasated blood may influence ther-
moregulation, we determined whether these factors increase the risk for fever after SAH.

Methods: Fever within 14 days (subdivided into infectious and noninfectious) was 
defined as a mean daily body temperature above 38.0°C for at least 2 consecutive days 
in a prospectively collected cohort of 194 patients with subarachnoid haemorrhage. 
Hazard ratios were calculated to assess the impact of hydrocephalus (bicaudate index) 
and cisternal and intraventricular blood (Hijdra score) on the occurrence of fever. 
Adjusted hazard ratios were calculated in one multivariate model, including other 
possible confounding factors.

Results: Infectious fever occurred in 34% of patients and noninfectious fever in 9%. 
Adjusted hazard ratios of intraventricular blood were 2.2 (95% CI, 1.3 to 3.8) for any 
fever, 2.4 (95% CI, 1.3 to 4.4) for infectious fever, and 2.0 (95% CI, 0.7 to 5.9) for 
noninfectious fever. Adjusted hazard ratios of cisternal blood and hydrocephalus for 
infectious and noninfectious fever ranged from 0.6 to 1.5, all with wide CIs.

Conclusion: Intraventricular blood is an independent risk factor for the development 
of fever. In this study, non-infectious fever was rare and not related to extravasated 
blood or hydrocephalus.
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InTRoduCTIon 
Many patients with aneurysmal subarachnoid haemorrhage (SAH) develop fever during 
their clinical course, what is associated with poor outcome. In some patients with fever 
after SAH, no infectious is identified. Fever in absence of infection can be attributed to a 
systemic inflammatory reaction or to loss of central temperature control. 

Central thermoregulation is a process that involves several neuronal pathways most 
extending from the hypothalamus and limbic system.6 Some patients with SAH develop 
hydrocephalus within the first days after the event. Hydrocephalus may influence 
the thermoregulation process, for example, from pressure on the hypothalamus or 
limbic system. Also, presence of haemoglobin in the basal cisterns can increase body 
temperature.7 We assessed the hypothesis that fever after SAH is associated with the extent 
of hydrocephalus and the amount of extravasated blood in the subarachnoid space. 

PATIenTS And meThodS
We included patients admitted within 4 days after onset of aneurysmal SAH to the 
University Medical Center Utrecht and who were randomised for the MASH-1 trial.4 
Patients were excluded when their medical records were incomplete with regard to 
temperature measurements. The clinical condition on admission by means of the World 
Federation of Neurological Surgeons scale (WFNS),5 the amount of ventricular and 
the amount of cisternal blood on initial CT scan by means of the Hijdra score, were 
prospectively collected, blinded for the temperature data. The Hijdra score assesses the 
amount of blood on a semiquantative scale (range 0-3) for 10 cisterns and 4 ventricles, 
and yields total sum scores for cisternal (range 0-30) and intraventricular (range 0-12) 
blood.6 Hydrocephalus was quantified by measuring the greatest value of the bicaudate 
index (BCI) on any CT scan performed within 3 days after the SAH.7 

Rectal body temperatures were retrieved from the medical records and were measured at 
least four times a day. We calculated daily mean body temperatures for each patient during 
14 days after the SAH. Fever was defined as a mean daily body temperature above 38.0ºC 
for at least two consecutive days. In patients with more than one fever episode, only the 
first episode was used in the analysis. Bacterial cultures, chest X-rays and extraventricular 
drainage were obtained from the patients’ medical records. Infectious fever was defined as 
the presence of fever in combination with a positive bacterial culture in blood, urine, CSF 
or sputum. All fever without an infection in accordance with this definition was classified 
as non-infectious fever.
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All patients were treated according to a standard protocol, including 6 doses of 500 mg 
acetaminophen on a daily basis. In case of fever, patients were thoroughly examined for 
an infectious focus.

Data analysis

Crude hazard ratios (HR) with corresponding 95% confidence intervals (CI) for the 
occurrence of any fever, infectious and non-infectious fever in the first 14 days after the 
SAH were calculated for BCI and amount of cisternal and intraventricular blood on initial 
CT scan, dichotomised at their medial values, by means of the Cox proportional hazard 
model. All analyses were censured for death. Adjusted HRs were calculated in one model, 
adjusting for the clinical condition on admission (WFNS), age, sex, ventricular drainage 
and ICU admittance.

ReSuLTS
In our hospital 200 patients were included in the MASH-1 trial; six were excluded because 
the daily temperature curves could not be retrieved. An episode of fever occurred in 82 
(42%; 95% CI 35 to 49%) of the 194 included patients (Table 3.1). Infectious fever occurred 
in 34% of patients and non-infectious fever in 9%. Infectious fever occurred in 33 (56%) 
of the 59 patients who had been admitted to the ICU and in 31 (23%) of the 135 patients 
who had not been admitted to the ICU. 

Intraventricular blood was related to any fever (adjusted HR 2.2, 95% CI 1.3 to 3.8) and 
infectious fever (adjusted HR 2.4, 95% CI 1.3 to 4.4), and a trend was shown for non-
infectious fever (adjusted HR 2.0, 95% CI 0.7 to 5.9) (Table 3.2). Cisternal blood and the 
bicaudate index were not related to any type of fever.

dISCuSSIon
Our study shows that the amount of intraventricular blood is an independent risk factor 
for the development of any and of infectious fever, and a trend was shown for the relation 
with non-infectious fever. There was no relationship between cisternal blood and the 
bicaudate index and any kind of fever.

We do not have a clear explanation why ventricular blood is associated with infectious 
fever. Because we adjusted for cerebrospinal fluid drainage, clinical condition at admission 
and ICU admittance, these factors cannot explain this relationship. 
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Other studies on fever in SAH patients found similar proportions of infection underlying 
fever.1 Several studies have shown that fever in patients with SAH is related to poor cli-
nical outcome. In one of these studies the occurrence of fever was related to the presence 
of blood in the ventricles and large amounts of subarachnoid blood, which is in line with 
our finding.1

Table 3.1 Baseline characteristics

Characteristics, n = 194 Number of patients (%)

Mean age (SD) 55 (14)

Women 129 (66%) 

No aneurysm treatment 26 (14%)

Clipping 115 (59%)

Coiling 53 (27%)

Good clinical condition (WFNS I-III) 145 (75%)

ICU admission 59 (30%)

Ventriculostomy 78 (40%)

ICU admission 59 (30%)

Hijdra score: median ventricles (SD) 0 (3)

Hijdra score: median cisterns (SD) 26 (8)

Bicaudate index: median (SD) 18 (7)

Any fever 82 (42%)

Infectious fever 65 (34%)

Non infectious fever 17 (9%)

Table 3.2 Hazard ratios for ventricular blood, cisternal blood and bicaudate index (dichotomised 
at median value) with regard to occurrence of fever

Any fever Infectious fever Non-infectious fever

Crude HR  
(95% CI)

Adjusted HR 
(95% CI)

Crude HR 
(95% CI)

Adjusted HR 
(95% CI)

Crude HR 
(95% CI)

Adjusted HR 
(95% CI)

Ventricular blood 3.3 (2.1–5.2) 2.2 (1.3–3.8) 4.0 (2.3–6.9) 2.4 (1.3–4.4) 1.7 (0.7–4.4) 2.0 (0.7–5.9) 

Cisternal blood 2.1 (1.3–3.2) 1.2 (0.8–2.0) 2.7 (1.6–4.5) 1.5 (0.9–2.7) 0.7 (0.3–2.1) 0.6 (0.2–1.8) 

Bicaudate Index 2.1 (1.4–3.3) 1.2 (0.7–2.1) 2.3 (1.4–3.8) 1.2 (0.7–2.2) 1.6 (0.6–4.2) 1.4 (0.5–4.0) 
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Our study has the advantage that the study population covers both patients admitted to 
ICU and patients to the medium care unit, whereas in other studies the study population 
consisted only of patients admitted to the ICU.1 Also, patients were prospective collected 
and temperature measurement was performed rectally. A limitation of our study is our 
strict definition of fever. Episodes shorter than 2 days of fever or episodes or with less 
increased temperature were not taken into account. It is possible that these less severe 
episodes of increased temperature are more associated with blood degradation products 
in the basal cisterns, without concomitant infection. A second point of concern might be 
the definition of infection, where we had to rely on the medical records instead of daily 
prospective assessment of episodes of fever. A third issue is that all patients were treated 
with acetaminophen, which also has antipyretic properties and that in case of fever more 
aggressive methods of cooling, such as cooling blankets, were used. Thus, our study reflects 
fever that did not respond rapidly to antipyretic or antibiotic treatment. 

From a clinical point of view, our results warrant a thorough examination for infection in 
patients with SAH and fever, even if these patients have intraventricular blood. Because 
most episodes of fever were related to infection, we think it unlikely that aggressive 
treatment of hydrocephalus or clearing of subarachnoid blood by lumbar drainage will 
lead to less episodes of fever. 
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ABSTRACT
Background: Delayed cerebral ischaemia (DCI) is an important cause of poor outcome 
after subarachnoid haemorrhage. Cerebral perfusion is a predictor for DCI. Since acute 
hydrocephalus may impair cerebral perfusion, we evaluated the predictive value of the 
extent of acute hydrocephalus on the development of DCI.

Methods: We retrieved data on 321 patients admitted within 4 days after aneurysmal 
subarachnoid haemorrhage from our prospectively collected database. Ventricular 
enlargement was quantified by measuring the bicaudate index and the width of the third 
ventricle. Ventricular sizes were analysed as continuous variables and after categorisation 
into quartiles. The relationship between these variables and the development of DCI 
was analysed by means of the Cox Proportional Hazards model.

Results: DCI occurred in 76 patients (23.7%). Hazard ratios for occurrence of DCI of 
the continuous variables were 1.01 (95% CI 0.97 to 1.06) for the bicaudate index, 1.00 
(95% CI 1.00 to 1.01) for the age-adjusted bicaudate index, and 0.99 (95% CI 0.92 to1.06) 
for the width of the third ventricle in univariable analysis. The adjusted hazard ratio 
for the highest quartile of the bicaudate index versus the lowest quartile was 0.9 (95% 
CI 0.5 to 1.8). No linear trend could be recognised in consecutive quartiles.

Conclusions: Acute hydrocephalus is not a risk factor for occurrence of DCI, even 
when the extent of hydrocephalus is taken into account. However, we can not exclude 
the possibility that extensive hydrocephalus leading to coma does increase the risk for 
DCI if no therapeutic intervention were done.
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INTRODUCTION 
Aneurysmal subarachnoid haemorrhage (SAH) still has a poor prognosis: half of the 
patients die and one of every five survivors remains dependent on help for activities of 
daily life.1 Delayed cerebral ischemia (DCI) is an important cause of death and disability 
after SAH.2 It occurs in approximately one third of patients, mostly between the 4th and 
the 10th day after the haemorrhage.3,4 Independent predictors for DCI are the neurological 
condition on admission and the amount of extravasated blood on the initial CT.5-7 In a 
recent study, we also found that cerebral perfusion on the admission CT is a strong predictor 
for the development of DCI.8

Because it is plausible that acute hydrocephalus has a negative influence on the cerebral 
perfusion, hydrocephalus could be a risk factor for DCI as well. In that case, early treatment 
of hydrocephalus with no or minor symptoms could be important in the prevention of 
DCI. The predictive value of acute hydrocephalus for the occurrence of DCI has been 
evaluated in several studies; most found no relationship.5-7,9-11 Yet, all studies classified 
acute hydrocephalus dichotomously as ‘present’ or ‘absent’, and some studies even lacked 
a well-described definition of hydrocephalus.9-11However, not only the presence, but also 
the severity of the hydrocephalus may be of great importance for the relationship with 
cerebral perfusion and subsequently for the development of DCI. 

We studied the relationship between the extent of acute hydrocephalus on the admission 
CT scan and the occurrence of DCI. 

PATIeNTS AND meThODS

Patients

Patients were retrieved from a prospectively collected database of all patients with 
aneurysmal SAH admitted to the University Medical Center Utrecht. Patients were included 
in the current study if they had been admitted between February 2002 and February 2006 
and if the initial CT scan was performed within 4 days after the onset of SAH. Patients 
were excluded when they died in the first 24 hours after the haemorrhage or when the 
initial CT scan was no longer available for re-evaluation.

Aneurysmal SAH was diagnosed by the presence of blood on CT or xantochromia of the 
cerebrospinal fluid in combination with an aneurysm confirmed by conventional or CT 
angiography. Clinical condition on admission was graded by means of the World Federation 
of Neurologic Surgeons (WFNS) grading scale.12 The amount of cisternal blood on the 
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initial CT was graded according to the method described by Hijdra.13 The Hijdra score has 
a better interobserver agreement than the Fisher score and is an independent prognostic 
factor for DCI and clinical outcome.14

Ventricular enlargement on the admission scan was quantified by measuring the bicaudate 
index (BCI) and the width of the third ventricle on the admission CT-scan. The BCI is 
the width of the frontal horns at the level of the caudate nuclei and the foramen of Monro, 
divided by the corresponding diameter of the brain.15 To calculate age-adjusted relative sizes, 
the BCIs were divided by the corresponding upper limit (95th percentile) per age group.15 
We measured the widest diameter of the third ventricle in mm. The measurements of the 
bicaudate index and the third ventricle were done blinded for knowledge about occurrence 
of DCI. The third ventricle measurements were done for a subset of the 200 most recent 
admitted patients for the pragmatic reason that these CT scans could be electronically 
retrieved. The BCIs in the other patients had been measured previously.

DCI was defined as the occurrence of new spontaneous hypodense lesions as revealed by 
a CT scan compatible with clinical features of DCI (gradually developed focal deficits, 
decreased level of consciousness or both), and in the absence of other explanations like 
hydrocephalus or surgery-related events.

Data analysis

First, we calculated crude hazard ratios (HR) for the occurrence of DCI for the bicaudate 
index, the relative bicaudate index and the width of the third ventricle as continuous 
variables by means of the Cox proportional hazards model. Subsequently, patients were 
categorised into quartiles based on the bicaudate index, the relative bicaudate index 
and the width of the third ventricle. HRs for the occurrence of DCI were calculated for 
the higher quartiles in comparison with the lowest quartile. HRs were adjusted for age, 
since ventricular size increases with age. Also, because hydrocephalus might be of more 
importance in younger patients, the same analysis was performed for the bicaudate 
index for patients younger than the median age of all patients. Neurological condition on 
admission and amount of cisternal blood were adjusted for if bivariable analysis changed 
the HR more than 5% in at least one quartile.
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ReSULTS
During the study period, 390 patients with an aneurysmal SAH were admitted to our 
hospital with a CT scan performed within 4 days after the SAH. Forty-six patients were 
excluded because they had died within 24 hours after admission, and another 17 patients 
because the initial CT scan could no longer be retrieved. In 6 other patients clinical 
data were insufficient to rule in or rule out the occurrence of DCI, and these patients 
were excluded as well. The remaining 321 patients were included in this study. Baseline 
characteristics of these patients are shown in Table 4.1.

The hazard ratio (HR) for the bicaudate index for the occurrence of DCI was 1.01 (95% CI 
0.97 to 1.06) in the univariable analysis (Table 4.2). For each increase of 0.1 of the bicaudate 
index, the risk for DCI increases with 1%, with a confidence interval between 3% decrease 
and 6% increase in risk. Univariable analysis showed a HR of 1.00 (95% CI 1.00 to 1.01) 
for the relative bicaudate index and a HR of 0.99 (95% CI 0.92 to 1.06) for the width of 
the third ventricle. The HRs were not influenced by other variables in bivariable analyses 
and so no multivariable analysis was performed. 

Table 4.3 shows the crude and adjusted HRs for the quartiles of the bicaudate index. The 
adjusted HR for the highest quartile of the bicaudate index versus the lowest quartile for 
the occurrence of DCI was 0.9 (95% CI 0.5 to 1.8). 

The adjusted HR in patients aged under 56 years for the highest quartile of the bicaudate 
index versus the lowest quartile was 1.1 (95% CI 0.3 to 2.3). Consecutive quartiles did 
not show a linear trend in either analysis. Analysis of the relative bicaudate index and the 
width of the third ventricle divided into quartiles yielded similar results (data not shown).

Table 4.1 Baseline characteristics

Characteristics n = 321

Age, years 56 (14) 

Women, % 72

Poor clinical condition on admission: WFNS IV-V, % 27

Amount of cisternal blood: Hijdra score > 23, % 50

Bicaudate index 0.17 (0.05)

Relative bicaudate index 0.92 (0.26)

Third ventricle width*, mm 8 (4)

Values are means (SD) or percentages. * n = 200



Hydrocephalus and DCI after SAHChapter 4

34

Table 4.2 Crude hazard ratios for occurrence of DCI

Characteristics N DCI present, n (%) Hazard ratio (95% CI)

Age

≤ 56 years

> 56 years

164

157

34 (20.7)

42 (26.8) 1.3 (0.8 – 2.3)

Sex

Men

Women

90

231

20 (22.2)

56 (24.2) 1.2 (0.7 – 1.9)

Clinical condition

Good (WFNS grade I, II, III)

Poor (WFNS grade IV, V)

233

88

44 (18.9)

32 (36.4) 2.3 (1.5 – 3.7)

Amount of cisternal blood 

Less than median (Hijdra score ≤ 23)

More than median (Hijdra score > 23)

161

160

29 (18.0)

47 (29.4) 1.7 (1.1 – 2.7)

Bicaudate index* 321 76 (23.7) 1.01 (0.97 – 1.06)

Relative bicaudate* 321 76 (23.7) 1.00 (1.00 – 1.01)

Width of third ventricle** 200 49 (24.5) 0.99 (0.92 – 1.06)

* For each increase of 0.1.
** For each increase of 1 mm.

Table 4.3 Hazard ratios of quartiles of bicaudate index for the occurrence of DCI

Bicaudate index Range BCI n = 321 Crude HR 95% CI Adjusted HR* 95% CI

1st quartile < 0.14 79 Ref Ref Ref Ref

2nd quartile 0.14 – 0.17 86 1.4 0.7 – 2.6 1.3 0.7 – 2.4

3rd quartile 0.17 – 0.20 73 1.0 0.5 – 2.0 0.9 0.4 – 1.8

4th quartile > 0.20 83 1.3 0.7 – 2.5 0.9 0.5 – 1.8

Patients aged ≤ 56 years

Bicaudate index Range BCI n = 164 Crude HR 95% CI Adjusted HR** 95% CI

1st quartile < 0.12 39 Ref Ref Ref Ref

2nd quartile 0.12 – 0.15 46 1.3 0.5 – 3.6 1.0 0.4 – 3.2

3rd quartile 0.16 – 0.19 41 1.2 0.4 – 3.6 0.8 0.3 – 2.5

4th quartile > 0.19 38 1.7 0.6 – 4.6 1.1 0.3 – 2.3

* Adjusted for age, clinical condition on admission and amount of blood on initial CT.
** Adjusted for clinical condition on admission and amount of blood on initial CT.
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DISCUSSION
This study shows that acute hydrocephalus is not a risk factor for the occurrence of DCI. 
The analysis of the width of the frontal horns and the third ventricle as continuous va-
riables and analysis of these measures in quartiles all failed to show a relationship with 
the development of DCI. Moreover, HRs of consecutive quartiles of these measures of 
ventricular size did not show a linear trend.  

We have two possible explanations for the absence of a relation between hydrocephalus and 
occurrence of DCI. First, in contrast with our assumption, there might not be a relationship 
between acute hydrocephalus and cerebral perfusion. Second, therapeutic interventions 
might have influenced the risk of DCI. In our study treatment of hydrocephalus was not 
taken into account. However in our hospital acute hydrocephalus is only treated in case of 
a severely decreased level of consciousness. Thus, our results pertain mainly to moderate 
degrees of hydrocephalus, and we cannot exclude the possibility that extensive hydrocep-
halus leading to coma does increase the risk for DCI if no therapeutic intervention were 
done. Because cerebral perfusion on admission is a risk factor for the development of DCI, 
irrespective of therapeutic interventions,8 the absence of a relation between hydrocephalus 
on admission and DCI further suggests that factors other than hydrocephalus determine 
the cerebral perfusion on admission.

The large sample size of our study, with 76 patients developing DCI, has the advantage that 
even small risks would have been detected. Other strengths of our study are the prospec-
tive collection of patients and the blinded assessment of ventricular size. The finding that, 
as in previous studies, neurological condition on admission and the amount of cisternal 
blood were predictors for the occurrence of DCI (Table 4.2) further validates our study 
sample. A limitation is that the size of the third ventricle was assessed only in the subset 
of the 200 most recently admitted patients. Nevertheless, it is not likely that an analysis 
of the width of the third ventricle in all 321 patients would have yielded different results.   

Another limitation might be the strict definition of DCI, which included the presence of 
hypodense lesions on CT scan. Therefore, milder forms of DCI might have been missed. 
However, we do not expect that a possible underestimation of the incidence of DCI would 
have altered our results.

Previous studies investigated the predictive value of acute hydrocephalus, classified di-
chotomously as ‘present’ or ‘absent’. Most studies did not find a relation between acute 
hydrocephalus and DCI,5-10 but in one Japanese study an adjusted odds ratio of 2.3 (95% 
CI 1.2 to 4.2)11 was found. This opposite result could be explained by differences in study 
population (Japanese and European), time periods of the study (with inherent progress 
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of medical treatment in the last decade), and methodology (with no clear definition of 
hydrocephalus in the Japanese study). Our study adds additional value to the current 
literature, because it is the first in which the extent of acute hydrocephalus is taken into 
account. By applying quartiles in our data analysis, we could differentiate between moderate 
and severe forms of hydrocephalus. We expected a higher risk for DCI in severe forms of 
hydrocephalus. However, our results did not show a relationship between the extent of 
hydrocephalus and the occurrence of DCI. 

In conclusion, this study shows convincingly that the presence of acute hydrocephalus 
has no predictive value for the development of DCI, irrespective of the severity of the 
hydrocephalus. However, we can not exclude the possibility that extensive hydrocephalus 
leading to coma does increase the risk for DCI if no therapeutic intervention would be done. 
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ABSTRACT
Background: Hyponatraemia and hypovolaemia occur often after aneurysmal sub-
arachnoid hemorrhage (SAH) and are associated with poor outcome. The authors 
investigated whether brain natriuretic peptide (BNP) is related to hypovolaemia and 
hyponatraemia after SAH and whether it can differentiate between hypovolaemic and 
non-hypovolaemic hyponatraemia.

Methods: In 58 SAH patients, the authors daily measured serum BNP and sodium 
concentrations, and circulating blood volume by means of pulse dye densitometry, during 
the initial 10 days. For each patient, mean BNP concentrations were calculated until 
occurrence of the following events: hyponatraemia (Na<130 mmol/L), hypovolaemia 
(blood volume <60 ml/kg) and severe hypovolaemia (blood volume <50 ml/kg). The 
median day of onset of each event was calculated. In patients without an event, the 
authors calculated and used for comparison the mean BNP concentration until the 
median day of onset of the particular event. Odds Ratios (OR) for high versus low mean 
BNP concentrations (dichotomised on median values per event) were calculated for the 
occurrence of each event and adjusted for relevant baseline characteristics.

Results: Patients with BNP above median more often had severe hypovolaemia 
(adjusted OR 4.2, 95% confidence interval, CI 1.2 to 15.0) and showed a trend 
towards hyponatraemia (adjusted OR 3.3, 95% CI 0.7 to 9.2). In the 12 hyponatraemic 
patients, BNP could not differentiate between hypovolaemic and non-hypovolaemic 
hyponatraemia.

Conclusions: High BNP concentrations are related to the occurrence of severe hypo-
volaemia and possibly hyponatraemia. Our data do not support a role for BNP measu-
rements to differentiate between hypovolaemic and non-hypovolaemic hyponatraemia 
in SAH patients.
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INTRODUCTION 
In patients with aneurysmal subarachnoid hemorrhage (SAH), hyponatraemia and hypo-
volaemia occur in one to two of every three patients.1-4 Both conditions are associated with 
the occurrence of poor outcome.1,5 

Most common causes of hyponatraemia after SAH and other neurological emergencies are 
the syndrome of inappropriate antidiuretic hormone secretion (SIADH), and cerebral salt 
wasting (CSW).6-8 In SIADH, there is an excessive release of ADH without a physiological 
stimulus such as increased serum osmolality or arterial blood volume depletion. ADH 
release results in diminished water excretion with normal sodium excretion. Patients with 
SIADH are therefore normo- or hypervolaemic (non-hypovolaemic).9,10 In CSW, patients 
are hyponatraemic due to active urinary sodium excretion and not to water retention and 
patient are therefore hypovolaemic. The key feature to differentiate between the two syndro-
mes is volume status, but circulatory volume status is very difficult to assess on clinical or 
biochemical grounds.11,12 Outside the context of SAH, SIADH is treated by fluid restriction 
and CSW by sodium and fluid replacement. In patients with subarachnoid haemorrhage 
however, treatment of SIADH by means of fluid restriction is potentially harmful because 
it increases the risk of delayed cerebral ischaemia and thereby poor outcome. 

Brain Natriuretic Peptide (BNP) has been postulated as an initiating factor in CSW.13-15 BNP 
is a hormone primarily produced in the left cardiac ventricle in response to cardiac wall 
stretch that causes diuresis through a direct natriuraetic action, increased cardiac output, or 
decreased aldosterone levels.16 In small series with SAH patients, plasma concentrations of 
BNP were elevated, but the cause is still unclear.13,17-19 In some, but not all of these studies, 
BNP was associated with the occurrence of hyponatraemia.14,15

The aim of the current study was first to assess whether high BNP concentrations after 
SAH are related to the occurrence of hypovolaemia and hyponatraemia. Secondly we 
wanted to assess whether BNP concentrations can differentiate between hypovolaemic 
hyponatraemia, as seen in CSW, and non-hypovolemic hyponatraemia, as seen in SIADH. 

METHODS

Patients

We studied patients who participated in the OPTICA study (Optimising circulating blood 
volume after subarachnoid haemorrhage.20 The objective of that study was to assess the 
efficacy in maintaining normovolaemia with a strategy that tailors fluid management 
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according to regular measurement of the actual volume status by means of pulse dye 
densitometry (PDD) in patients with SAH. Inclusion criteria of the OPTICA study were 1) 
aneurysmal SAH, 2) admittance to our hospital within 3 days after the SAH, 3) age above 
18 years, 4) informed consent obtained. Exclusion criteria of the OPTICA study were 1) 
subarachnoid haemorrhage caused by other factors than rupture of cerebral aneurysm 
(trauma, perimesencephalic haemorrhage, dissection, AVM), 2) co-existing severe head 
injury, 3) pregnancy, 4) end-stage kidney failure (dialysis), 5) decreased bile excretion 
(alkaline phosphatase > 190 u/l; bilirubin > 34 μmol/l), 6) known allergy for the indicator 
dye indocyanine green. We started BNP measurements halfway the OPTICA study, which 
means that the current study includes a consecutive subgroup of patients included in the 
OPTICA study between August 2006 and June 2007.

The diagnosis of aneurysmal SAH was based on the presence of subarachnoid blood 
on CT-scan in combination with demonstration of an aneurysm on CT-angiography or 
conventional angiography. For the present study, patients were excluded when no regular 
BNP measurements were performed, or when they were previously diagnosed with 
congestive heart failure, as these patients are assumed to have elevated BNP concentrations 
prior to the SAH. The study was approved by the Medical Ethics Committee of the 
University Medical Centre Utrecht.

All patients were treated according to a standard protocol, including bed rest until aneurysm 
treatment, nimodipine 6 x 60 mg orally and a fluid policy aiming at normovolaemia. All 
patients started with 3 liters of normal saline per day, and fluid balances were calculated 
4 times daily. Extra fluids were administered when the fluid balance per 24 hours was 
lower than 750 ml. Steroids, mannitol, antidiuretics or anti-fibrinolytics were not used. In 
patients with clinical symptoms of DCI, volume status and blood pressure were optimised 
aiming at normovolaemia and using inotropics if necessary.   

We recorded age (dichotomised at median value), sex and clinical condition at admission 
assessed by means of the World Federation of Neurological Surgeons (WFNS) score.21 
A WFNS score of 4-5 was considered as poor clinical condition at admission. Daily, all 
administered fluids and fluid intake (total fluids in), urine production (total fluids out), 
and the fluid balance were recorded and mean values during the first 10 days after the 
SAH were calculated and dichotomised on their median values. Serum BNP and sodium 
concentrations, and circulating blood volume were measured daily for the first 10 days after 
the SAH. For BNP measurements, EDTA plasma samples were collected in plastic collection 
tubes and BNP concentrations were determined with a microparticle immunoassay 
technique (8K28 ARCHITECT BNP Reagent Kit). Hyponatraemia was defined as any 
sodium measurement < 130 mmol/L. Circulating blood volume was measured by means 
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of pulse dye densitometry. With this technique, the concentration of the dye indocyanine 
green is measured after injection of the dye in a peripheral vein. By dividing the amount of 
dye by the dye concentration, the circulating blood volume is calculated.22,23 A circulating 
blood volume measurement < 60 ml/kg (actual weight) was defined as hypovolaemia and 
a measurement < 50 ml/kg as severe hypovolaemia.12,23,24 In the intervention group of the 
OPTICA study (35 patients), treating physicians were informed about the PDD results, 
in the control group (23 patients) they were not. In both groups, the goal was to maintain 
normovolaemia. Hyponatraemia was divided into hypovolaemic or non-hypovolaemic 
hyponatraemia, based on the circulating blood volume measurements. If more subsequent 
days of hyponatraemia yielded different circulating blood volume categories, the mean 
of circulating blood volume during measurements during those days determined 
the type of hyponatraemia. Only the first episode of hyponatraemia was taken into  
account.

Data analysis

The relationship between BNP concentrations and baseline and disease characteristics 
were studied with the non-parametric Mann-Whitney U test (two independent samples) 
yielding an exact significance (2-tailed). We used logistic regression analysis to study 
whether there was an independent relation between BNP concentrations and the 
occurrence of hypovolaemia, severe hypovolaemia and hyponatraemia. In patients with 
hypovolaemia, the mean BNP concentration until the occurrence of hypovolaemia was 
calculated. The median day of onset of hypovolaemia was recorded. In patients without 
hypovolaemia, the mean BNP concentration until this day was calculated and used 
for comparison. The same approach was used for the events severe hypovolaemia and 
hyponatraemia. For each outcome event, mean BNP concentrations were dichotomised 
on their median values and introduced in the regression analysis as high BNP (i.e. mean 
BNP above median mean BNP in the particular analysis) versus low BNP (i.e. mean 
BNP below median mean BNP in the particular analysis). Odds ratios (OR) for high 
versus low BNP were calculated for the different events. ORs were adjusted for age, sex, 
clinical condition on admission, use of inotropics and mean total fluid intake per day. 
In hyponatraemic patients, the occurrence of hypovolaemic hyponatraemia was studied 
with the same methods.
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RESULTS

Patient characteristics

Between August 2006 and June 2007, 61 SAH patients were included in the OPTICA study. 
Three patients were excluded because no BNP measurements were performed. There were 
no patients with a history of congestive heart failure. Table 5.1 shows the baseline and disease 
characteristics of the 58 included patients. BNP levels differed considerably between patients; 
some patients had BNP levels between 1 and 40 pmol/L, while it varied between 100 and 400 
pmol/L in others. The mean BNP was 103 pmol/L (SD 88) on the day of admission and 88 
pmol/L (SD 88) during days 0-10. Older patients had a statistically significant higher BNP 
at admission and men and patients in poor clinical condition at admission showed a trend 
towards a higher admission BNP. Low urinary production, high mean fluid balance and 
use of inotropics were associated with higher mean BNP concentrations during days 0-10. 
There were no differences in BNP concentrations between the intervention and control 
group of the OPTICA study (data not shown).

Table 5.1 Mean BNP concentrations related to base line and disease characteristics

N (%) Mean BNP 
(pmol/L)*

SD Mean 
difference

p value** 

Age < 59 28 69.8 64.4

Age ≥ 59 30 133.2 96.1 -63.4 0.001

Men (%) 10 (17%) 140.1 79.5

Women (%) 48 (83%) 94.7 88.0 45.3 0.068

Poor condition on admission (WFNS 4-5) 15 (26%) 132.6 90.4

Good condition on admission (WFNS 1-3) 43 (74%) 92.1 85.3 40.6 0.100

Total fluid in < median value 29 101.0 92.6

Total fluid in ≥ median value 29 74.9 84.4 26.0 0.103

Total fluid out < median value 29 121.8 97.0

Total fluid out ≥ median value 29 54.1 65.4 67.8 < 0.001

Fluid Balance < median value 29 49.0 62.3

Fluid Balance ≥ median value 29 127.0 95.0 -78.0 < 0.001

Inotropics used 17 125.5 93.5

Inotropics not used 41 72.4 83.0 53.1 0.027

*For outcomes age, sex and WFNS we used the admission BNP’s, for other outcomes we used mean BNP during 
study period.
** Exact sig. (2-tailed), Mann-Whitney U test.
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BNP, hypovolaemia and hyponatraemia

Hypovolaemia occurred in 47 (81%) patients with a median day of onset of two days, and 
severe hypovolaemia in 24 (41%) patients after a median of three days. Hyponatraemia 
occurred in 12 (21%) patients with a median day of onset on day six. Figure 5.1 shows 
the mean BNP concentrations for patients with and without hypovolaemia, severe 
hypovolaemia, hyponatraemia, and hypovolaemic hyponatraemia. 

Patients with a high BNP until the day of the event (or median day of the event in patients 
without this event) had an increased risk to develop severe hypovolaemia than patients 
with a low BNP (OR 4.2, 95% CI 1.2 to 15.1) and showed a trend towards an increased 
risk of hyponatraemia (OR 5.9 95% CI 0.9 to 37.5). There was no trend for hypovolaemia 
(OR 2.1, 95% CI 0.4 to 11.9) (Table 5.2).

Figure 5.1 Mean BNP concentrations for patients with and without hypovolaemia, severe 
hypovolaemia, hyponatraemia, and type of hyponatraemia.
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In the 12 patients with hyponatraemia, only two (17%) were hypovolaemic and ten (83%) 
non-hypovolaemic. Because the 2 hypovolaemic patients both fell into the high BNP group, 
it was not possible to calculate a corresponding OR (Table 5.2).

DISCUSSION
High BNP concentrations were related to the occurrence of severe hypovolaemia, but not 
to mild hypovolaemia. Our finding that high BNP concentrations are related to severe 
hypovolaemia is consistent with previous reports.13-15,17 Also, we found a trend toward an 
association between higher BNP concentrations and hyponatraemia, like several small 
studies.14,15,25 Two of these series found no relationship with absolute values of BNP concen-
trations, but with an increasing level of BNP before the occurrence of hyponatraemia.15,25 
In our study population we also looked at changes in BNP concentration in time, but could 
not find any relationship (data not shown). 

In this study, only 2 of the 12 patients with hyponatraemia were hypovolaemic. Although 
both these patients had high BNP concentrations, 6 of the 10 patients with non-hypovolaemic 
hyponatraemia also showed high BNP concentrations. Despite the small numbers, this 
indicates that it is not likely that BNP concentrations can differentiate between hypo volaemic 
hyponatraemia and non-hypovolaemic hyponatraemia. Also, high BNP concentrations were 
related to a higher positive fluid balance, less urine production and showed a trend towards 
less administration of fluids. This is in contrast with our hypothesis that BNP would lead 
to urinary sodium and water excretion as seen in CSW. Previous studies have shown that 
fluid balances are not correlated to actual circulating blood volume, what can explain why 
we found high BNP concentrations associated with severe hypovolaemia measured with 
PDD, but not with more urine production or lower fluid balances.12

Table 5.2 Crude and adjusted OR’s for high mean BNP compared to low mean BNP concentrations 
until the day of the event, median day of event or day 10

High BNP
N (%)

Low BNP
N (%)

Crude OR (95% 
CI)

Adjusted OR 
(95% CI)*

Hypovolaemia 23 (82%) 24 (83%) 1.0 (0.2-3.8) 2.1 (0.4-11.9)

Severe hypovolaemia 17 (59%) 7 (24%) 4.5 (1.4-14) 4.2 (1.2-15.1)

Hyponatraemia 8 (28%) 4 (14%) 2.4 (0.6-9.0) 5.9 (0.9-37.5)

Hypovolaemic hyponatraemia 2 (100%) 0 (0%) - -

*Adjusted for age, sex, clinical condition on admission, amount of administered fluids, and use of inotropics.
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Several reports found CSW to be the most common cause of hyponatraemia after 
intracranial disease, including SAH.3,7,13,26-28 Recently, some studies found that SIADH 
occurred more often than CSW after SAH, but in these studies volume status was based on 
non-reliable measurements of volume status, such as central venous pressure, fluid balance 
data or biochemical parameters.4,29 Based on our results hypovolaemic hyponatraemia, as 
seen in CSW, is rare and non-hypovolaemic hyponatraemia, as seen in SIADH, is more 
common. However, this result needs validation in another study population, because 
this was not our primary objective. Importantly, fluid restriction therapy for SIADH in 
patients with SAH is contra-indicated as fluid restriction is associated with the occurrence 
of DCI.30,31 Although BNP was associated with severe hypovolaemia, in clinical practice, 
BNP measurements seem not useful to distinguish between hypovolaemic hyponatraemia 
and non-hypovolaemic hyponatraemia, and one should rely on adequate volume status 
measurements. 

A strong point of our study is that we did use an accurate and reliable way to measure 
circulating blood volume, which has been validated in different studies.23,32-34 This enabled 
us to distinguish between hypovolaemic hyponatraemia, as seen in CSW, and non-
hypovolaemic hyponatraemia, as seen in SIADH. We could not find studies in patients 
with SAH, in which serial BNP measurements were correlated with accurate and reliable 
serial circulating blood volume measurements.

A limitation of our study is that for clinical reasons patients were treated with a fluid policy 
aimed at maintaining normovolaemia. All patients started with 3 liters of saline infusion per 
day. Patients who developed hypovolaemia were treated by increasing fluid intake, which 
could have influenced both volume status and BNP concentrations. However, we do not 
expect BNP excretion as a reaction to increased fluid intake in hypovolaemic patients. At 
admission, most patients already had an increased BNP before fluid therapy was started. 
Another draw-back is that circulating blood volume is difficult to define. Normal levels 
of circulating blood volume depend not only on weight but also on age, sex and stature. 
For this reason, we have defined normal circulating blood volume with large margins. 
We therefore could have slightly underestimated the occurrence of hypovolaemia, and 
it is possible that more patients would fall in the hypovolaemic hyponatraemia group if 
more stringent margins had been used. Unfortunately, we did not have any data on the 
occurrence of SAH-related cardiomyopathy, ECG or echocardiography and therefore we 
could not study the relationship between post-heamorrhage cardiac damage and BNP 
concentrations. However, the purpose of our study was not to investigate the cause of BNP 
elevation but possible effects on hypovolaemia and hyponatraemia. We did not include 
pulmonary capillary wedge pressure, because it is not a reliable measure of volume status.35-37 
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In conclusion, elevated BNP concentrations are related to the occurrence of severe hypovo-
laemia and possibly to hyponatraemia. BNP concentrations seem not useful to differentiate 
between hypovolaemic and non-hypovolaemic hyponatraemia. 
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ABSTRACT
Background: A new Glasgow Coma Scale-based scale has been developed to predict 
patient outcome in subarachnoid haemorrhage (SAH) by calculating cut-off points by 
which 2 consecutive categories corresponded to a statistically significant different out-
come. We assessed the external validity of this Prognosis on Admission of Aneurysmal 
Subarachnoid Haemorrhage (PAASH) grading scale, and compared it to the commonly 
used World Federation of Neurological Surgeons scale.

Methods: From our database of SAH patients we retrieved data on all patients admitted 
between November 2000 and March 2006. By means of logistic regression, we calculated 
odds ratios with corresponding 95% confidence intervals (95% CI) for poor outcome 
at 3 months for each category in comparison with the lowest category of both scales. 
Areas under the curve (AUC) of the corresponding receiver operator characteristic 
(ROC) curve were calculated.

Results: We included 537 patients. For the PAASH scale, ORs ranged from 3.9 (95% 
CI 2.4 to 6.2) to 84 (95% CI 25 to 287) and increased more evenly than for the WFNS 
scale, with ORs ranging from 2.3 (95% CI 1.3 to 4.1) to 69 (95% CI 31 to 157). The 
AUCs were 0.81 (95% CI 0.77 to 0.84) for the PAASH and 0.82 (95% CI 0.79 to 0.86) 
for the WFNS scale.

Conclusions: Both PAASH and WFNS scales have a good discriminatory ability with 
regard to patient prognosis. Because the ORs of the PAASH increase more gradually, 
it is slightly preferable to the WFNS scale.



55

6

BACkgRound 
The World Federation of Neurological Surgeons (WFNS) Committee scale is a commonly 
used scale to determine the prognosis after SAH.1 This scale is based on the GCS with 
focal deficits making up one additional level for patients with a GCS score of 14 or 13. 
The cut-off points in the WFNS scale are based on consensus, not on formal analysis. To 
date, the scale has not been thoroughly validated. 

Another five-category grading scale, the Prognosis on Admission of Aneurysmal 
Subarachnoid Haemorrhage (PAASH) grading scale, has been developed based solely on 
the GCS.2 The cut-off points between the categories were selected by calculating at which 
point two consecutives categories corresponded to a statistically significant different 
outcome at 6 months. However, the external validity of this scale has not been assessed. In 
our study population, we determined the relation between the categories on the PAASH 
and WFNS scales and actual outcome and compared the prognostic accuracy of both scales. 

MATeRiAlS And MeThodS

Patients

Patients were retrieved from a prospectively collected database of all patients with SAH 
admitted to the University Medical Center Utrecht, when they presented with aneurysmal 
SAH between November 2000 and March 2006 within 4 days after the haemorrhage. 
The diagnosis of aneurysmal SAH was based on the presence of blood on CT (or in 
case CT was negative on the presence of xanthochromia in CSF) in combination with 
an aneurysm confirmed on CT- or conventional angiography. Exclusion criteria were 1) 
GCS on admission irretrievable, 2) outcome at 3 months unknown, 3) age younger than 
16 years. Data were retrieved on age, GCS and WFNS score on admission, and amount of 
extravasated blood on initial CT scan by means of the Hijdra score.3 

Based on their GCS on admission, patients were divided into the five categories of the 
PAASH: I: GCS 15; II: GCS 11-14; III GCS 8-10; IV: GCS 4-7; and V: GCS 3. In case of 
aphasia, patients were classified according to clinically possible GCS scores, derived from 
their eye and motor scores. When the different possible verbal scores would place patients 
in different categories, these patients were excluded.  

Outcome was measured with either the Glasgow Outcome Scale (GOS) or the modified 
Rankin scale.4,5 Two different outcome scales were used, because several patients were 
enrolled in a clinical trial that used the modified Rankin scale, whereas our center usually 
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measures outcome with the GOS. Poor outcome was defined as GOS 1-3 or Rankin 4-5 or 
death. If GOS and Rankin gave different dichotome outcomes, patients were categorised 
according to the GOS.    

Data analysis

Odds ratios for poor outcome with 95% confidence intervals (95% CI) were calculated for 
each category of the PAASH and the WFNS scale by means of logistic regression with the 
lowest category taken as reference. ROC curves were plotted and the areas under the curve 
(AUC) were calculated to determine the discriminating ability of both scales. Age and the 
Hijdra score, dichotomised on the median, were added to the logistic regression model.

ReSulTS
In total 632 patients were admitted within 4 days during the study period. For 76 patients 
outcome was known only at discharge and not at 3 months. For 10 patients the GCS 
on admission was not documented. Nine patients could not be categorised because of 
dysphasia or intubation. 

Baseline characteristics for the 537 included patients are shown in Table 6.1. For the PAASH 
scale, ORs for poor outcome increased more evenly than for the WFNS scale (Table 6.2). 
The AUCs of the ROC curves were similar for the PAASH (0.81, 95% CI 0.77 to 0.84) and 
the WFNS scale (0.82, 95% CI 0.78 to 0.86). The AUCs did not change substantially when 
the Hijdra score or age were added to the logistic regression model.

diSCuSSion
Our study shows that both the PAASH and the WFNS scale have a good discriminatory 
ability with regard to patient prognosis. However, ORs increased more gradually in the 
PAASH scale and areas under the curves we re similar for both scales. 

The PAASH scale is easy to apply in clinical practice, because it is based solely on the 
GCS. A weak point of all admission scales is that patients who present with aphasia or are 
intubated before hospital admission can not always be categorised reliably. However, in 
our study population, this occurred in less than 2% of patients. Another drawback of our 
study is that 76 of 632 patients had no known outcome at 3 months. These patients were 
followed up in different hospitals or sent to a rehabilitation clinic.
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Table 6.1 Baseline characteristics of included patients

Characteristics N (%)

Total 537

Women 368 (68.5)

Mean age (range) 55.5 (17 – 94)

Median Hijdra score (n = 351)* 26

WFNS score (n = 534)*

I      (GCS 15) 201 (38)

II     (GCS 13-14, no focal deficit) 102 (19)

III    (GCS 13-14, focal deficit present)   38 (7)

IV    (GCS 7-12)   84 (16)

V     (GCS 3-6) 109 (20)

PAASH score (n = 537)

I     (GCS 15) 201 (38)

II    (GCS 11-14) 189 (35)

III   (GCS 8-10)   39 (7)

IV   (GCS 4-7)   59 (11)

V    (GCS 3)   49 (9)

* Less than total due to missing data.

Table 6.2 Odds ratios for poor outcome for the PAASH and WFNS scale

Scale N Poor outcome n (%) OR (95% CI)

PAASH I 210 31 (14.8) Reference

II 189 78 (41.3) 3.9 (2.4 – 6.2)

III 39 29 (74.4) 15.9 (7.0 – 36)

IV 59 50 (84.7) 30 (14 – 68)

V 49 46 (93.9) 84 (25 – 287)

WFNS I 201 31 (14.8) Reference

II 102 30 (29.4) 2.3 (1.3 – 4.1)

III 38 20 (52.6) 6.1 (2.9 – 12.8)

IV 84 49 (58.3) 7.7 (4.3 – 13.7)

V 109 101 (92.7) 69.2 (30.6 – 156.5)
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Predicting outcome of aneurysmal SAH remains a problematic issue. The clinical con-
dition can vary during the acute phase, and complications occurring during the clinical 
course can influence outcome. Thus, a scale applied on admission will never give a 100% 
perfect prediction of outcome. Nevertheless, grading patients with SAH on admission is 
important for clinical and research purposes. The PAASH scale has a good internal and 
external validity regarding to clinical outcome. Moreover, in our study population, <2% 
could not be classified because of early intubation, which means that the PAASH scale 
can be applied in almost all patients with SAH.

To date, there is no universally accepted scale to assess the clinical condition on admission. 
Both the Hunt and Hess scale and the WFNS scale are widely used in clinical practice and 
in research reports. Because the interobserver agreement for the Hunt and Hess scale is 
poor,6 clinicians using this scale should be advised to use another scale. For these clinicians 
switching to the PAASH grading scale seems the best choice. Of course it would be better 
if one scale is used worldwide. Because the PAASH scale is very easy to apply, and based 
solely on the GCS, which has a much better interobserver agreement, we propose using 
this scale instead of the other scales in use today.

In conclusion, both the WFNS and PAASH scales have a good prognostic value for patient 
outcome. However, the PAASH scale shows a more gradual increase of OR in ascending 
categories. Based on the results of our study, we think the PAASH scale is slightly prefe-
rable over the WFNS scale. 
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ABSTRACT
Background: Worldwide, different scales are used to assess the clinical condition on 
admission after aneurysmal subarachnoid haemorrhage (SAH). In addition to the 
prognostic value, the inter-rater variability should be taken into account when deciding 
which scale preferably should be used. We assessed the interobserver agreement of the 
commonly used World Federation of Neurological Surgeons (WFNS), the Hunt and 
Hess (H&H), and the Prognosis on Admission of Aneurysmal Subarachnoid Haemor-
rhage (PAASH) scales.

Methods: In a cohort of 50 SAH patients, 103 paired assessments were performed on 
the 3 admission scales, by two independent observers per assessment, with a total of 
57 different raters. Patients were assessed in the first week after the haemorrhage. The 
interobserver agreement was calculated using quadratic (weighted) kappa statistics.

Results: The weighted kappa value of the PAASH scale was 0.64 (95% CI 0.49 to 0.79), 
of the WFNS scale 0.60 (95% CI 0.48 to 0.73), and of the H&H scale 0.48 (95% CI 0.36 
to 0.59).

Conclusion: The Hunt and Hess scale showed the lowest interobserver agreement, 
whereas agreement of the WFNS and PAASH scale was similar with overlapping con-
fidence intervals.
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BACkgRound 
Aneurysmal subarachnoid haemorrhage (SAH) still has a poor prognosis. Approximately 
one-third of the patients die and one-third of the surviving patients remain dependent on 
care for their activities of daily life.1 The clinical condition at admission is an important factor 
in predicting functional outcome after SAH. Several scales are used to measure the clinical 
condition at admission. The Hunt & Hess scale (H&H) is a 5-category grading scale that 
classifies patients with subarachnoid haemorrhage according to their surgical risk.2 Another 
widely used scale is that of the World Federation of Neurological Surgeons (WFNS).3 This 
scale was published in 1988 and is based on the Glasgow Coma Scale (GCS), but with focal 
deficits (motor deficit or aphasia) making up one additional level for patients with a GCS of 
13 or 14. The cut-off points are based on consensus, not on a formal analysis. The Prognosis 
on Admission of Aneurysmal Subarachnoid Haemorrhage scale (PAASH) has recently been 
developed by Japanese investigators.4 In developing this scale, the cut-off points between the 
categories were selected by calculating at which point 2 consecutive categories corresponded 
to a statistically different outcome at 6 months. The WFNS and PAASH scales both have 
a good discriminatory ability with regard to patient prognosis, but the PAASH scale has a 
more gradual increase in risk for poor outcome in successive categories than the WFNS.5 A 
summary of the three scales on clinical condition at admission is shown in Table 7.1. The 
WFNS and H&H scales are both commonly used in clinical practice and in research, the 
PAASH scale is not yet widely used since the scale has been introduced only recently.  

For the sake of uniformity, preferably a single scale is used among different centres to 
assess the clinical condition on admission in SAH patients. In addition to the prognostic 
value, the inter-rater variability should be taken into account when deciding which scale 

Table 7.1 Summary of the Hunt and Hess scale, the WFNS scale and the PAASH scale

Grade Hunt and Hess Scale WFNS Scale PAASH Scale

I Asymptomatic, or minimal headache and slight 
nuchal rigidity

GCS 15 GCS 15

II Moderate to severe headache, nuchal rigidity, no 
neurological deficit other than cranial nerve palsy

GCS 13-14, without focal 
deficit

GCS 11-14

III Drowsiness, confusion, or mild focal deficit GCS 13-14 with focal deficit GCS 8-10

IV Stupor, moderate to severe hemiparesis, possibly 
early decerebrate rigidity and vegetative 
disturbances

GCS 7-12 GCS 4-7

V Deep coma, decerebrate rigidity, moribund 
appearance.

GCS 3-5 GCS 3

GCS: Glasgow Coma Score.
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should be applied. Knowledge of interobserver variability is important both in a clinical 
setting and in a research setting. For clinicians, it is important to know whether different 
grading at two assessments at different points in the clinical course really means a change 
in the clinical situation or can be the result of interobserver variation. For researchers it 
is important to know if series of patients with dissimilar grading at baseline are really 
dissimilar. Also, in clinical trials with multiple assessors a good interobserver agreement of 
the scale used to assess baseline clinical condition is pivotal to assure proper comparison 
between the treatment groups.

So far, interobserver variability of the different scales has only been investigated in a few 
observations.6,7 In this study, we have compared the inter-rater variability of the WFNS, 
H&H and PAASH scales in patients with aneurysmal SAH. 

meThodS

Subjects

A cohort of consecutive patients with aneurysmal SAH, admitted to our hospital between 
April 2009 and March 2010 was enrolled in our study. Patients were included only when 
they had been admitted within 4 days after the haemorrhage. The diagnosis of aneurysmal 
SAH was confirmed with the presence of blood on CT (or, in absence thereof, on presence 
of xanthochromia in the cerebrospinal fluid) in combination with an aneurysm shown 
on CT or angiography. 

To obtain sufficient observations in a short time window, patients could be seen on the day 
of admittance to our hospital and on two other days during the first week of hospitalisation. 
Each time, the patient was assessed by two different raters. Assessments were performed 
blinded to the assessments of the other rater. One of the researchers was always present 
at time of assessments and took care that the raters independently assessed the patients 
and independently completed the assessment forms to ensure blinding. A rater could not 
rate the same patient more than once. Because SAH patients can sometimes deteriorate 
rapidly, particularly on the first day, no more than 30 minutes was allowed between paired 
assessments.

The raters consisted of 4 neurologists (with a total of 12 assessments, 5.8%), 17 residents in 
neurology or neurosurgery (47 assessments, 22.8%), 5 neurology interns (28 assessments, 
13.6%), 3 research nurses (51 assessments, 24.8%) and 28 nurses working on the neurology 
medium care or intensive care unit (68 assessments, 33.0%). 
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Because the PAASH scale and the WFNS scale are derived directly from the GCS, and 
all medical and paramedical personnel on our department are familiar with this scale, it 
was not necessary to give any training to the raters in the use of these scales. If raters were 
not familiar with the Hunt and Hess scale, they were trained in using it. The training was 
given by one researcher. If patients were intubated or had aphasia, a clinically possible 
GCS was assigned based on interpretation of the rater, derived from their eye and motor 
scores. Only 5 patients were assessed this way. 

The study was approved by the ethics committee of our hospital. The committee decided 
that informed consent could be waived, because evaluation of the clinical condition of the 
patient is part of standard daily care.

Data analysis

For each scale, the interrater agreement was analysed with STATA version 10.0. Quadratic 
kappa statistics were used, which corrects for agreement by chance. If there is perfect 
agreement between two observers, kappa is 1. When kappa is 0, the interrater agreement 
is no greater than would be expected by chance. Because all scales consisted of more than 
two categories, the weighted kappa, which takes partial agreements into account, was also 
calculated. We used interpretation of kappa for the agreement between clinical measures 
as follows: poor (κ <0.20), fair (κ 0.21-0.40), moderate (κ 0.41-0.60), good (κ 0.61-0.80) 
and very good agreement (κ 0.81-1.00).8

ReSuLTS
In a cohort of 50 patients, 103 pairs of assessments were performed. The patients’ cha-
racteristics are given in Table 7.2. The assessments between 103 pairs of observers and 
unweighted and weighted kappa values are presented in Table 7.3. The weighted kappa of 
the PAASH scale was 0.64 (95% CI 0.49 to 0.79), of the WFNS scale 0.60 (95% CI 0.48 to 
0.73) and of the Hunt & Hess scale 0.48 (95% CI 0.36 to 0.59). Perfect agreement for the 
two observers was obtained for 81 (79%) with the PAASH scale, 75 (73%) assessments 
with the WFNS scale and 64 (62%) with the H&H scale. For the PAASH scale there were 
no assessments wherein scores differed more than one grade. For the WFNS scale there 
were 5 assessments and for the H&H scale 6 assessments in which scores differed by two 
grades.
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dISCuSSIon
Our study shows that the Hunt & Hess scale has the lowest kappa and kappas of the WFNS 
and PAASH scales are similar, with overlapping confidence intervals. 

In a previous study the PAASH scale has been validated in an independent SAH patient 
population and it was compared with the WFNS scale.5 Both scales showed a good prog-
nostic value for patient outcome, but the PAASH scale showed a more gradual increase 
in risk for poor outcome in ascending categories. Furthermore, the PAASH scale is easier 
to apply in clinical practice because it is based solely on the GCS. Therefore, we have a 
preference for the PAASH scale to assess clinical condition in SAH patients.

In another previous study an unweighted kappa value of 0.43 (p < 0.001) was found for 
the H&H scale, which is similar to the kappa value of 0.45 we found.6 As in our study, few 
patients with a H&H grade 4 or 5 were included. 

In a study from Baltimore, the interobserver variability of the WFNS scale, the H&H scale 
and a GCS based grading system was examined.7 This GCS based grading system was 
distinct from the PAASH scale we used, as the 15-point GCS was categorised intuitively 
in a five grades scale, and not based on calculations between the GCS and outcome. The 
resulting categories from the Baltimore scale differ from these in the PAASH scale. The 
unweighted kappa values were 0.27 (p of kappa statistic = 0.027) for the WFNS scale, 0.41 
(p=0.0005) for the H&H scale and 0.46 (p=0.0002) for the GCS based grading system. The 
kappa value of the WFNS scale is considerably lower than in our study. This difference 

Table 7.2 Baseline characteristics

Characteristics N (%)

Total 50

Women 36 (72)

Mean age (range) 54 (19-77)

Total number of ratings 103

Number of ratings per patient

1 14 (28)

2 20 (40)

3 15 (30)

4 1 (2)

Mean time between observers for ratings in minutes (range) 7 (1-30)
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Table 7.3 Assessments between 103 pairs of observations and kappa values for the WFNS, 
PAASH and H&H scales

 WFNS Observer 1

Observer 2 1 2 3 4 5 Total

1 37 9 46

2 9 27 1 2 39

3 2 3 5

4 3 1 4 8

5 1 4 5

Total 46 41 5 7 4 103

Unweighted kappa value (95% CI)                                
Weighted kappa value (95% CI)      

0.58 (0.44-0.71)
0.60 (0.48-0.73) 

PAASH Observer 1

Observer 2 1 2 3 4 5 Total

1 37 8 45

2 10 40 1 51

3 1 1

4 2 2 4

5 2 2

Total 47 49 3 2 2 103

Unweighted kappa value (95% CI)       
Weighted kappa value (95% CI)                                  

0.62 (0.46-0.78)
0.64 (0.49-0.79)

Hunt & Hess Observer 1

Observer 2 1 2 3 4 5 Total

1 18 4 2 24

2 12 32 3 47

3 4 9 8 1 22

4 2 4 1 7

5 1 2 3

Total 34 45 15 6 3 103

Unweighted kappa value (95% CI)   
Weighted kappa value (95% CI)                                   

0.45 (0.33-0.57)
0.48 (0.36-0.59)
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might be due to the fact that only 15 paired assessments were performed in the study. Also, 
the time between the assessments was not described and a weighted kappa value was not 
calculated in that study. 

Because the WFNS scale and the PAASH scale are both based on the GCS, our high kappa 
values could be explained by a good interobserver agreement of the GCS. The interob-
server variability of the GCS has been extensively studied. Most studies found a good 
reproducibility between different observers,9,10 however another study found a moderate 
agreement when comparing inexperienced raters with expert raters.11 Our personnel is 
well trained in using the GCS, which can explain the good agreement of the WFNS and 
PAASH scales, and might be worse when used by inexperienced raters.   

A limitation of our study might be that we rated patients not only at admission but also 
on two other days during their first week of admission, whereas the scales are meant to 
be used as a prognostic indicator only on the day of admission. We used the scales in a 
different setting to limit our time of research. Yet, the aim of this study was not to assess 
the prognostic accuracy of the scales, but to compare the interobserver variability. The 
prognostic accuracy had been reported previously.5 Because we kept the time interval in 
between the assessments very short, we consider that the difference in setting has hardly 
affected our results. 

Another limitation is that few patients with a poor clinical condition were included. The-
refore, less precise statements can be made about the interobserver variability of patients 
which were assigned a grade 4 or 5. 

Strengths of our study are the large number of observations in comparison to other studies, 
and the large number of observers from different background and level of education and 
experience. Moreover, in most instances raters did not have an equivalent involvement 
in the care of the particular patient at the time of paired assessments. Despite this large 
number of and variation in observers and unequal involvement in care of the assessed 
patient, moderate and good kappa values are found. Therefore, we expect that our results 
can be generalised to other settings where there are many different professions involved 
in stroke care.

Another strength is the short time interval between the assessments. For that reason it is 
unlikely that patients had fluctuations in the severity of their symptoms between the first 
and the second assessment.

In conclusion, the Hunt and Hess scale showed the lowest interobserver agreement, while 
agreement of the WFNS and PAASH scale were similar with overlapping confidence 
intervals. Given the similarity in interobserver reliability of the WFNS and PAASH, the 
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easier applicability and the more gradual risk for poor outcome in successive categories of 
the PAASH scale than the WFNS, we prefer the PAASH scale to assess clinical condition 
in SAH patients. 
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ABSTRACT
Background: A structured interview improves the reliability of the modified Rankin 
Scale (mRS), a commonly used functional outcome scale in stroke trials. Telephone 
interview is a fast and convenient way to assess the mRS, but its validity is unknown. 
We assessed the validity of a telephone interview in patients who had had an aneurys-
mal subarachnoid haemorrhage (SAH) by comparing it with a face-to-face assessment.

Methods: Eighty-three SAH patients were interviewed twice, once face-to-face and 
once by telephone, by two of five observers who used a structured interview to assess 
the mRS grade. Intermodality agreement was measured using weighted kappa statistics. 
To check for systematic differences between face-to-face and telephone assessment the 
Wilcoxon test for matched pairs was used.

Results: Agreement between telephone and face-to-face assessment was perfect in 47 
(57%) patients. A difference of one level occurred in 31 (37%) patients and this was 
almost equally distributed over the grades of the mRS. Weighted kappa was 0.71 (95% 
CI 0.59 to 0.82). Telephone assessment did not result in a consistently more or less 
favourable grade than face-to-face assessment (Wilcoxon test for matched pairs, p=0.33).

Conclusions: Telephone assessment of the mRS with a structured interview has a good 
agreement with face-to-face assessment and can thus be used reliably in the setting of 
a clinical trial.
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InTRoduCTIon 
The modified Rankin Scale (mRS) is a commonly used scale to measure functional 
outcome after stroke.1,2 The mRS consists of six grades from 0 (no symptoms at all) to 5 
(severe disability). Although in the original study on the mRS the interrater agreement 
was very good,2 later studies showed a less favourable but still good agreement. With a 
recently developed structured interview, the agreement was considerably better,3,4 also 
when observers had different professional backgrounds.5

Telephone assessment is a more time efficient way to obtain an mRS grade than a face-
to-face interview, but the validity of a telephone assessment by means of the structured 
interview for the mRS is unknown. We studied the validity of a telephone interview in 
patients who had survived an episode of aneurysmal subarachnoid haemorrhage by 
comparing it with a face-to-face assessment; for both, the same structured interview was 
used. 

meThodS

Patients

Patients were identified in a prospectively collected database of all SAH patients admitted 
to our hospital. Patients were included in the current study if CT and CTA or conventional 
angiography had confirmed aneurysmal SAH and if they either attended the outpatient 
clinic between May 2007 and February 2008 for follow-up or had been admitted for SAH 
in 2006 and lived within 30 minutes travel time from our hospital. Patients younger than 
18 years or not fluent in Dutch were excluded. Furthermore patients staying in a nursing 
home or rehabilitation centre were excluded, because these patients will mostly not visit the 
hospital for follow-up evaluation and follow-up will therefore be performed by telephone 
anyhow.

Before the onset of the study, we translated the structured mRS interview into Dutch with 
the standard procedure for forward-backward translation.6

The 5 raters of the mRS consisted of 3 experienced stroke trial nurses and 2 final year 
medical students who did a 6 month rotation for research in our stroke unit. All were 
instructed in the use of the structured interview and the method of obtaining a Rankin 
grade, and trained by assessing the mRS for ten example excerpts from patients’ outcome 
histories.
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In all patients the mRS was assessed twice by means of this structured interview. One 
rater assessed the mRS in a face-to-face interview, and another by a telephone interview. 
In patients who visited the outpatient clinic from May 2007 to February 2008 the mRS 
was assessed by a face-to-face interview during their visit. The patients who were not 
scheduled to visit the outpatient clinic were asked to participate through a letter and a 
phone call. When willing to participate, the patients were visited at their home by one of 
the raters for a face-to-face assessment of the mRS. We scheduled the two assessments 
within a fortnight. Rankin scores were assigned immediately after the assessment. Raters 
were blinded for the Rankin score given by the other rater. For both assessments, the rater 
could also interview a caregiver if necessary.

Data analysis

The intermodality agreement between telephone and face-to-face assessment of the mRS 
was determined by kappa statistics, which corrects for agreement by chance. Since the 
mRS consists of more than two categories, we used weighted kappa (quadratic weights) 
to take into account partial agreement. The following interpretation of kappa for the 
agreement between clinical measures is often used: 0 to 0.20=poor, 0.21 to 0.40=fair, 0.41 
to 0.60=moderate, 0.61 to 0.80=good, and 0.81 to 1.00=very good.7 The Wilcoxon test for 
matched pairs was used to analyse whether there was a systematic difference in face-to-
face and telephone scores.

ReSuLTS
We included 83 patients; 64 (77%) were women and the mean age was 56 years (range 
28 to 84). The median time interval between the two assessments was 8 days (range 1-29 
days). In 81 patients the initial interview was face-to-face and two were first interviewed 
by telephone. Sixty-six (80%) patients were interviewed at the outpatient clinic and the 
other 17 patients at home. The median time interval between SAH and first assessment 
was 5 months (range 1-114 months).

Perfect agreement between the telephone and face-to-face assessment was obtained for 
47 (57%) patients (Table 8.1), corresponding to a kappa of 0.41 (95% CI 0.26 to 0.55) and 
a weighted kappa of 0.71 (95% CI 0.59 to 0.82). A difference of one level occurred in 31 
(37%) patients and a difference of two levels in 5 (6%). These differences were almost 
equally distributed over the different grades of the mRS.
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Grades obtained by telephone (median mRS 2) were not more or less favourable than 
grades obtained through face-to-face assessment (median mRS 2; Wilcoxon test for 
matched pairs, p=0.33).

dISCuSSIon
The intermodality agreement of face-to-face assessment versus telephone assessment of 
the mRS with a structured interview was good. Telephone assessment did not result in a 
consistently more or less favourable grade than face-to-face assessment.

In a study that did not use the structured interview for assessment of an adjusted mRS, the 
agreement between telephone and face-to-face interview was 79% with a weighted kappa of 
0.82, which is slightly better than in our study, although no confidence interval was given.8 
Other studies reported that a structured interview improves the interrater agreement when 
the mRS is assessed face-to-face.3,5 One would assume that the structured interview for 
telephone assessment of the mRS would also improve the interrater agreement and thus 
improve the intermodality agreement. The slightly worse agreement in our study than in 
the previous study comparing telephone and face-to-face assessment may be caused by the 
exclusion of patients in nursing homes and rehabilitation centres in our study. This resul-
ted in the exclusion of patients with poor Rankin grades (4 and 5). Interrater agreement 
in obtaining a Rankin grade is higher at either end of the scale (mRS ≤1 or ≥4), than at 
the intermediate grades (grade 2-3).2,9,10 Thus the exclusion of patients with high Rankin 
grades results could have resulted in a lower interrater agreement.

Table 8.1 Comparison of modified Rankin grades determined through face-to-face and telephone 
structured interviews

Telephone assessment

Face-to-face assessment 0 1 2 3 4 5 Total

0 6 4 3 13

1 4 16 5 25

2 1 5 17 7 30

3 1 4 6 2 13

4 2 2

5 0 0

Total 11 26 29 13 4 0 83
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We assessed almost all patients first face-to-face and subsequently by telephone. Since 
telephone assessment did not result in a consistently more or less favourable grade than 
when grades were obtained through face-to-face assessment, we assume this order of 
assessment has not influenced the interrater agreement. Although we scheduled the two 
assessments of the mRS for each patient within a fortnight, 20 patients (24%) could not 
be reached by phone in time. Nevertheless, in this subgroup of patients with more than 
a fortnight interval the proportion of perfect agreement, and disagreement by no more 
than one level, was comparable to that of the total of 83 patients. The delay is therefore 
unlikely to have influenced the interrater agreement.

We excluded patients who did not fully understand the Dutch language. It is likely that 
patients who speak Dutch poorly are more reliably assessed in a face-to-face interview than 
by telephone. Therefore, the results of the study may not apply for patients who do not 
speak fluently the language the interviewers use or for patients with aphasia. The strength 
of our study is that we used five different raters in different combinations, which makes 
the results of this study applicable to rating of the mRS in multicentre trials. 

In five patients the mRS scores differed two levels. In four of these five patients the two 
grades were 0 and 2. Further analysis of these patients displayed that the difference in gra-
ding was explained by the interpretation of the disability of patients who had no physical 
or cognitive complaints, but were not allowed to drive a car by law in the first half a year 
after the SAH. Some observers classified such patients as Rankin grade 2, others as Rankin 
grade 0. For future use of the modified Rankin Scale, it is therefore recommended to reach 
a consensus on this issue to prevent differences in rating.

The implication of this study is that telephone assessment of the mRS through a structured 
interview is reliable, and can thus be used in clinical practice and in future studies. To 
improve interrater agreement, raters should be instructed properly to avoid differences 
in interpretation of the mRS. 
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ABSTRACT
Background: Secondary ischaemia is a frequent cause of poor outcome in patients with 
aneurysmal subarachnoid haemorrhage (SAH). Besides vasospasm, platelet aggregation 
seems to play a role in the pathogenesis of secondary ischaemia. Experimental studies 
have suggested that antiplatelet agents can prevent secondary ischaemia. We aimed to 
determine whether antiplatelet agents change outcome in patients with aneurysmal SAH.

Methods: We searched the Cochrane Stroke Group Trials Register (last searched August 
2006), MEDLINE (1966 to August 2006) and EMBASE databases (1980 to August 
2006). We also searched reference lists of identified trials. Selection criteria were all 
randomised controlled trials (RCTs) comparing any antiplatelet agent with control 
in patients with aneurysmal SAH. Two review authors independently extracted the 
data and assessed trial quality. Relative risks (RR) were calculated with regard to poor 
outcome, case fatality, secondary ischaemia, haemorrhagic intracranial complications 
and aneurysmal rebleeding according to the intention-to-treat principle. In case of a 
statistically significant primary analysis, a worst case analysis was performed.

Results: Seven RCTs were included in the review, totalling 1385 patients. Four of these 
trials met the criteria for good quality studies. For any antiplatelet agent there were 
reductions of a poor outcome (RR 0.79, 95% confidence interval (CI) 0.62 to 1.01) 
and secondary brain ischaemia (RR 0.79, 95% CI 0.56 to 1.22) and more intracranial 
haemorrhagic complications (RR 1.36, 95% CI 0.59 to 3.12), but none of these differences 
were statistically significant. There was no effect on case fatality (RR 1.01, 95% CI 
0.74 to 1.37) or aneurysmal rebleeding (RR 0.98, 95% CI 0.78 to 1.38). For individual 
antiplatelet agents, only ticlopidine was associated with statistically significant fewer 
occurrences of a poor outcome (RR 0.37, 95% CI 0.14 to 0.98) but this estimate was 
based on only one small RCT.

Conclusions: This review shows a trend towards better outcome in patients treated 
with antiplatelet agents, possibly due to a reduction in secondary ischaemia. However, 
results were not statistically significant, thus no definite conclusions can be drawn. 
Also, antiplatelet agents could increase the risk of haemorrhagic complications. On 
the basis of the current evidence treatment with antiplatelet agents in order to prevent 
secondary ischaemia or poor outcome cannot be recommended.
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BACkgRound 
Aneurysmal subarachnoid haemorrhage (SAH) is a subset of stroke with an incidence 
of 9 per 100,000 person years.1 Half the patients are younger than 55 years of age, and 
around 70% of patients die or remain dependent on help for activities of daily living as 
result of the haemorrhage.2 Patients who survive the initial hours after the SAH are at risk 
of deterioration from aneurysmal rebleeding, hydrocephalus, secondary ischaemia and 
medical complications.

Secondary ischaemia occurs in up to one third of patients3 and is still an important cause 
of death and dependency on help for activities of daily living after SAH,4 even in patients 
treated with nimodipine, which results in a risk reduction of secondary ischaemia of 13%.5 
Secondary ischaemia develops most frequently between 4 to 10 days after the SAH.3 The 
pathogenesis has been incompletely elucidated, but is often attributed to vasospasm of 
the intracranial arteries.6,7 However, vasospasm cannot be the only initiator of secondary 
ischaemia, as severe vasospasm does not always result in secondary ischaemia and not all 
patients with secondary ischaemia have severe vasospasm.7 Platelet aggregation may also 
play a role in the development of secondary ischaemia. In animal research both rupture 
of an artery and the presence of blood at the outside of an intact artery have been shown 
to activate platelet aggregation,8 and to reduce antiplatelet activity of the endothelium.9 
In patients with SAH, activation of platelet aggregation and the associated release of 
thromboxane B2, a potent vasoconstrictor, are increased from the third day after the 
onset of the SAH.10-12 The increase of thromboxane B2 is larger in patients who developed 
secondary ischaemia than in patients without secondary ischaemia.13 Furthermore, platelet 
count is decreased after SAH, and this decrease is larger in patients developing secondary 
ischaemia, probably due to increased platelet consumption.14

Acetylsalicylic acid (aspirin) is a well-known inhibitor of platelet aggregation.15,16 Two 
observational studies showed that patients who used aspirin before the onset of the SAH 
had a reduced risk for developing secondary ischaemia.17,18 These results suggest that the 
administration of platelet inhibitors may reduce the risk of secondary ischaemia, and 
thereby the risk of poor outcome. However, platelet inhibitors could also lead to more 
haemorrhagic complications and thereby to a negative effect on outcome. We performed 
a systematic literature review to evaluate the results of all randomised clinical trials (RCTs) 
on antiplatelet therapy in aneurysmal SAH. 
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oBjeCTiveS 
To determine whether antiplatelet therapy changes outcome in patients with aneurysmal 
SAH.

meThodS

Criteria for considering studies for this review

Types of studies

We tried to identify all unconfounded RCTs comparing antiplatelet therapy with control 
in patients with aneurysmal SAH. We excluded uncontrolled studies, as well as quasi-
randomised controlled trials where allocation to treatment or control group was not 
concealed (for example, allocation by alternation, open random number list, date of birth, 
day of the week, or hospital number).

Types of participants

Patients of any age and either sex with SAH documented by either computerised tomo-
graphy (CT) scan or cerebrospinal fluid examination were included in the analysis. A 
ruptured cerebral aneurysm should preferably be proven by angiography, or at least be 
highly likely, judged by the pattern of haemorrhage on CT. 

Types of interventions

Treatment with any antiplatelet agent versus control during the clinical course of patients 
with SAH. Study medication had to be started within seven days after the SAH and had 
to be continued for at least one week. 

Types of outcome measures

To provide an intention-to-treat analysis, we aimed to extract from each RCT the outcome 
assessments, at the end of follow up (at least 1month after the haemorrhage), for all patients 
who were originally allocated to each treatment group.

Primary outcome measure

1. Poor outcome (death, or dependence on help for activities of daily living).
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Secondary outcome measures

2. Case fatality.

3. Secondary ischaemia (clinical signs of cerebral ischaemia, as well as CT or magnetic 
resonance (MR) documented cerebral infarction alone). There is no consensus on a 
definition of secondary ischaemia, and previous research has shown that trials use 
different definitions for secondary ischemia or do not give a well-defined definition 
at all.19 For this reason, we decided beforehand to use the number of patients with 
secondary ischaemia given by the authors of the RCT included in the review, without 
adjusting these numbers to a predefined definition of secondary ischaemia.

4. Intracranial haemorrhagic complications

5. Aneurysmal rebleeding 

Search strategy for identification of studies

We searched the Cochrane Stroke Group Trials Register, which was last searched by the 
Review Group Co-ordinator in August 2006. In addition we searched MEDLINE (1966 to 
August 2006) and EMBASE (1980 to August 2006). A search strategy, using a combination of 
controlled vocabulary and free text terms, was used for MEDLINE and modified for EMBASE.

In an effort to identify further published, ongoing and unpublished studies we searched 
the reference lists of all relevant trials. Because there is an abundance of different 
antiplatelet drugs, and the most common antiplatelet drug aspirin does not have a patent 
and can be produced by any company or pharmacy in the world, we chose not to contact 
pharmaceutical companies or pharmacies as the list of companies would be endless.

Data extraction and analysis

Data extraction

One author (SMDM) screened the titles of all references found by the search strategy and 
discarded all articles that were clearly not about subarachnoid haemorrhage or surely not a 
trial on antiplatelet agents, these references were discarded. Next, abstracts of all remaining 
references were screened. When the abstract convincingly showed the article was not a 
trial on antiplatelet agents in subarachnoid haemorrhage, these references were discarded 
as well. Of the remaining references the articles were read and it was decided whether the 
article was about a trial on antiplatelet therapy after SAH. When in doubt, the reference 
was discussed with a second author (WvdB). Of the remaining trials, two authors (SMDM 
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and WMvdB, AA or GJER) independently extracted details of randomisation methods, 
blinding of treatments and outcome assessments, definition of outcome measures, number 
of patients excluded or lost to follow up, and data on major prognostic factors such as clinical 
condition at admission and age. From these data, we decided whether treatment groups 
were comparable with regard to major prognostic risk factors for outcome, and whether 
intention-to-treat analysis was possible. All authors assessed the methodological quality 
of each RCT on the basis of the extracted data. In addition, we recorded study drug dose, 
route and timing of the drug administration, duration of follow up and adverse effects of 
study drugs. If patients were excluded or lost to follow up after randomisation, or if any 
of the above data were not available from the publications, we sought further information 
by contacting the trialists to allow an intention-to-treat analysis. Based on this data, we 
assessed RCTs on their quality as follows: 

A. Adequate, double blinded treatment concealment, losses to follow-up or post-
randomisation exclusions together less than 10%. 

B. Double-blinded but loss to follow-up or post-randomisation exclusions together more 
than 10% 

C. Single-blinded or no blinding of treatment concealment for outcome assessment.

Data analysis

We aimed to calculate relative risks (RR) according to the intention-to-treat principle. An 
estimate of the treatment effect across trials (RR with a 95% confidence interval (CI)) was 
calculated with the fixed-effect model. We also calculated absolute risk reductions and 
numbers needed to treat, if the effect estimate was statistically significant. To quantify 
inconsistency across trials, the I-squared statistic was used, which describes the percentage 
of the variability in effect estimates that is caused by heterogeneity. A value greater than 
50% may be considered substantial heterogeneity. 

Additional subgroup-analyses were based on: 

•	 RCTs that started study medication before and studies that started study medication 
after aneurysm occlusion

•	 RCTs that started study medication within four days of the SAH

•	 Effects of separate agents  

To test for a difference between subgroups, the Deeks method was used as described in 
the Cochrane Reviewer’s Handbook, based on the chi squared statistics of each subgroup. 
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Sensitivity analyses

•	 Exclusion of poor quality studies. Studies in categories B and C were excluded from 
this analysis. 

•	 In case of a statistically significant result in the primary analysis, secondary analyses 
were performed according to the worst-case scenario method. A worst-case scenario 
analysis assumes that those patients who had been excluded or lost to follow up in 
the treatment group have the worst possible outcome while those patients who had 
been excluded or lost to follow up in the control group have the best possible outcome. 
Only if the effects of primary and secondary meta-analyses were of the same direction 
and magnitude was a definitive conclusion made about the treatment effectiveness.

deSCRipTion of STudieS
We identified 15 trials on antiplatelet drugs in aneurysmal SAH.20-34 The trials were 
performed between 1981 and 2006. We included seven RCTs in the review.22,23,26,27,30,32,34 

The other trials were excluded for the following reasons. Five trials had no randomised 
treatment allocation21,28,29,31,33 and for one trial it was not clear from the available information 
whether treatment allocation was randomised.20 One trial was excluded because study 
medication was given for only three days after surgery,25 and another because there were 
incomplete data available on trial design and outcome measures.24 We did not succeed in 
contacting the authors of the trials with incomplete data.

Size of the trials and treatment modes

The review includes seven RCTs totalling 1385 patients (743 in the treatment group and 
642 in the control group). The number of randomised patients per RCT ranged from 24 
patients32 to 677 patients.27 

There were three RCTs on acetylsalicylic acid. Two RCTs used suppositories 100 mg or 
placebo for 21 days after surgery22 or for 14 days after surgery.34 One RCT administered 
ASA or placebo 600 mg daily orally or via rectal retention enema until discharge.23 There 
were two RCTs on OKY-046 (Cataclot), a selective thromboxane synthetase inhibitor. 
One of these RCTs randomised patients in three groups, placebo, 80 mg OKY-046 or 400 
mg OKY-046 daily, by continuous infusion until 10-14 days after surgery.30 The presence 
of two treatment groups and one control group in this trial explains the difference in 
included patients between the treatment and control groups. The other RCT administered 
cataclot or placebo 1 ug/kg/min via continuous infusion, until 8-14 days after surgery.32 
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One RCT studied dipyridamole 100 mg orally or 10 mg intravenously until three months 
after surgery, no placebo was used.27 One RCT studied ticlopidine or placebo 300 mg per 
day orally for two weeks after the haemorrhage.26 Five RCTs started trial medication only 
after surgery,22,26,30,32,34 two RCTs before surgery: immediately after admission27 or 72 hours 
after admission.23

Aneurysm treatment

In six of the seven RCTs aneurysms were occluded by means of neurosurgical clipping 
only. In one RCT all patients were operated within 2 days after the haemorrhage,32 in three 
RCTs within 4 days after the SAH.26,27,30 In two RCTs study treatment was begun before 
aneurysm occlusion: In one RCT only 29 of the 53 patients were operated on (timing of 
treatment is not mentioned,23 and in the other only 348 of the 677 patients (the median 
day of surgery in the treatment group was 9.8 days and in the control group 9 days).27 In 
one RCT, 52 of the 161 included patients were treated by endovascular coiling and 108 by 
surgical clipping within 4 days after the haemorrhage.34

Inclusion and exclusion criteria

Two RCTs included patients only when an aneurysm was confirmed on (CT-) 
angiography22,32 and in five RCTs patients were eligible only if surgical occlusion was 
performed before the fourth day after the SAH.22,26,30,32,34 Two RCTs enrolled patients with 
subarachnoid haemorrhage without further specification, in one RCT an aneurysm was 
not confirmed in 190 patients of the 667,27 and in the other in 20 of the 53 patients.23 These 
patients were included in all analyses if possible; one study did not give information about 
poor outcome for patients with an unconfirmed aneurysm.27 Three RCTs selected patients 
based on clinical condition at admission; one RCT excluded patients in a very good or 
very poor clinical condition (Hunt and Hess grade 1 and 5),26 the other two RCTs excluded 
patients in a very poor condition: Hunt and Hess grade 532 and Japan Coma Scale < 30.30

Outcome measures and follow up

All RCTs reported on clinical outcome and case fatality. Two RCTs used the modified 
Rankin scale, for the current review Rankin less than 3 was defined as poor outcome.22,34 

One RCT used the Glasgow Outcome Scale (GOS), GOS less than 4 was defined as poor 
outcome.27 The other four RCTs used a self designed grading scale. One RCT used a four 
point scale base on the GOS: 1. excellent, 2. good (combined to good outcome), 3. poor 
4. dead (combined to poor outcome);32 a second RCT used a three point scale: A. no 
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neurological deficit (good outcome), B. Neurological disability and C. Death (combined 
to poor outcome);23 a third RCT a five point scale: 1. excellent, 2. good (combined to good 
outcome), 3. poor, 4. vegetative state, 5. death (combined to poor outcome);26 and a fourth 
RCT used a nine point scale: 0-4 good outcome, 5-8 poor outcome.30 Five RCTs reported 
on secondary ischaemia, either on clinical signs22,26,32,34 or infarction on CT scan.22,30,34 Five 
RCTs reported on intracranial haemorrhagic complications22,27,30,34 and only two RCTs on 
rebleeding.27,34 Follow up was one month in one RCT,32 three months in four RCTs,26,27,30,34 
four months in one RCT22 and six months in one RCT.23   

Risk of bias in included studies

Five RCTs  used a double blinded (patients and treating physicians both blinded for 
treatment) placebo controlled design,22,23,26,30,34 one RCT did not use a placebo, but outcome 
assessment was performed blinded for treatment allocation,27 one RCT did not specify 
whether treatment allocation and outcome assessment were blinded, but did use a placebo.32 
Four RCTs randomised patients with consecutive series of identical study medication boxes, 
tablets or vials,22,26,30,34 one RCT used a randomisation code stratified according to Hunt 
and Hess grade23 and two RCTs did not specify the exact method of randomisation.27,32 
Four RCTs did not have any losses to follow up and intention to treat analysis was possible 
for all outcome measures.22,23,32,34 In one RCT only one patient per group was lost to follow 
up (1.5%).26 In one RCT 166 patients (49%) in the treatment group and 163 patients in the 
control group (49%) were excluded after randomisation because the patient did not come 
to surgery, and another 14 patients per group (8%) were withdrawn for unknown reasons, 
for poor outcome analysis only.27 For the other outcome measures (case fatality, rebleeding, 
intracranial haemorrhagic complications) intention to treat analysis was possible. In 
another RCT 27 patients (9.5%) were excluded after randomisation equally distributed 
between treatment and control groups, before opening of the key code because of failures 
to protocol stipulations and another two patients (0.8%) in the treatment group because 
of discontinuation of study therapy due to side effects.30 Based on this information three 
of the seven trials were classified as poor quality trials (category B or C).27,32,35 
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effeCTS of inTeRvenTionS

Poor outcome

Data on poor outcome were available for all seven RCTs totalling 997 patients. The pooled 
RR was 0.79 (95% CI 0.62 to 1.01), Figure 9.1. Since the result was not statistically significant, 
no worst case analysis was performed. For each antiplatelet agent separately, none of the 
risk estimates was statistically significant but one: the RR for ticlopidine was 0.37 (95% CI 
0.14 to 0.98), but this analysis included only one small RCT.26 The RR for acetylsalicylic 
acid was 0.81 (95% CI 0.51 to 1.28), for cataclot/OKY-046 0.88 (95% CI 0.54 to 1.44) and 
for dipyridamole 0.86 (95% CI 0.57 to 1.29). For RCTs that started study medication before 
aneurysm occlusion,23,27 the RR was 0.88 (95% CI 0.62 to 1.25), and for RCTs that started 
study medication only after aneurysm occlusion22,26,30,32,34 the RR was 0.72 (95% CI 0.51 to 
1.02). These were the same RCTs in which study medication was started before day 4 in all 
cases. There were no statistical differences between the subgroups of different antiplatelet 
agents (p=0.44) or between the subgroups according to start of study medication (p=0.48) 
as determined by the Deeks method. In a sensitivity analysis after exclusion of poor quality 
studies,27,30,32 the RR was essentially unchanged: 0.67 (95% CI 0.45 to 1.02). 

figure 9.1 RR for poor outcome.
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Case fatality

Data on case fatality were available for all RCTs totalling 1354 patients. This number is 
greater than in the poor outcome analysis, because data on case fatality were available for 
the 357 patients excluded from the poor outcome analysis by Shaw.27 The pooled RR was 
1.01 (95% CI 0.74 to 1.37), Figure 9.2. Also, for individual agents none of the risk estimates 
was statistically significant and ranged from 0.35 (95% CI 0.10 to 1.23) for ticlopidine to 
1.17 (95% CI 0.57 to 2.41) for cataclot/OKY-046. There were minute differences between 
RCTs that started study medication before aneurysm occlusion (RR 1.10, 95% CI 0.74 
to 1.64),23,36 and RCTs that started study medication after aneurysm occlusion (RR 0.88, 
95% CI 0.54 to 1.45).22,26,30,32,34 These were the same RCTs that started study medication 
within 4 days. There were no statistical differences between the subgroups of different 
antiplatelet agents (p=0.37) or between the subgroups according to start of study medication  
(p=0.56). 

In a sensitivity analysis after exclusion of poor quality studies,27,30,32 the RR was 0.74 (95% 
0.41 to 1.33). Because there was no statistically significant risk estimate in the primary 
analysis, no worst case scenario analysis was performed.

figure 9.2 RR for case fatality.
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Secondary ischaemia     

Four RCTs totalling 368 patients reported on clinical signs of secondary ischaemia,22,26,32,34 

in all these RCTs study medication was started after aneurysm occlusion and within 4 days 
after the SAH. The pooled RR was 0.79 (95% CI 0.53 to 1.16), Figure 9.3. For acetylsalicylic 
acid only, the RR was 1.34 (95% CI 0.76 to 2.34), for cataclot/OKY-046 0.53 (95% CI 0.24 to 
1.15) and for ticlopidine 0.39 (95% CI 0.17 to 0.86). The difference between these subgroups 
was statistically significant (p=0.03). After exclusion of one poor quality study32 the RR 
was 0.85 (95% CI 0.55 to 1.32). Three RCTs totalling 395 patients reported on cerebral 
infarction on CT scan,22,30,34  the RR was 0.85 (95% CI 0.66 to 1.08). Differences between 
individual antiplatelet agents were statistically significant (p=0.04). 

Intracranial haemorrhagic complications 

Data on intracranial haemorrhagic complications were available for five RCTs totalling 
839 patients.22,27,30,32,34 The overall risk of haemorrhagic complication was non-significantly 
higher in the antiplatelet group: RR 1.36 (95% CI 0.59 to 3.12), Figure 9.4. For acetylsalicylic 
acid only, the RR was 0.96 (95% CI 0.19 to 4.76), for cataclot/OKY-046 1.55 (95% CI 0.48 to 
5.02) and for dipyridamole 1.52 (95% CI 0.26 to 8.97). The RRs were not essentially different 

figure 9.3 RR for clinical signs of secondary ischaemia.
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for the one RCT that started study medication before aneurysm occlusion (RR 1.52, 95% 
CI 0.26 to 8.97,27 and RCTs that started study medication after aneurysm occlusion. (RR 
1.31, 95% CI 0.51 to 3.37,22,30,32,34 These were the same RCTs in which study medication 
was started within four days in all cases. There were no statistical differences between the 
subgroups of different antiplatelet agents (p=0.90) or between the subgroups according 
to start of study medication (p=0.86). 

After exclusion of poor quality studies,27,30,32 only the two RCTs of acetylsalicylic acid 
remained (RR 0.96, 95% CI -0.19 to 4.76). Since the risk estimate was not statistically 
significant in the primary analysis, no worst case scenario analysis was performed. 

Rebleeding

Data on rebleeding were only available for two RCTs totalling 838 patients.27,34 The RR 
was 0.98. (95% CI 0.70 to 1.38) No further subgroup analyses or sensitivity analyses were 
performed.

figure 9.4 RR for intracranial haemorrhagic complications.
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diSCuSSion

Effect of antiplatelet therapy on clinical outcome and secondary ischaemia

This meta-analysis shows a trend for antiplatelet therapy to reduce the occurrence of 
poor outcome in patients with a SAH. In the subgroup analyses for each antiplatelet agent 
separately, for trials that started trial medication before or after aneurysm treatment and 
RCTs that started trial medication before or after day four, the risk estimates for poor 
outcome were essentially the same. However, none of the risk estimates, except for the 
subgroup analysis for ticlopidine that constituted of only one trial, reached statistical 
significance. The sample size of this ticlopidine study was small.26 No power calculation was 
given, and the reason for stopping the trial after only 133 patients was not stated. Because 
these data are lacking, there is a considerable risk that the statistical significance of this 
trial is a chance finding. Furthermore, ticlopidine has shown a high risk of haematological 
complications in ischemic stroke and coronary stenting, and is not anymore commonly 
used for this reason.37,38 There were no important differences between RCTs that started 
study medication before or after aneurysm occlusion. Also, in the sensitivity analysis 
with exclusion of poor quality studies, the RR was essentially unchanged, however in the 
worst case scenario no beneficial effect remained. This loss of evidence of effectiveness 
in the worst case scenario analysis is explained mainly by the relatively high number of 
patients lost to follow-up in the RCTs. The risk estimates for secondary ischaemia showed a 
favourable trend as well, indicating that reduction of the occurrence of secondary ischaemia 
might be the mechanism how antiplatelet therapy might reduce the frequency of poor 
outcome. For separate antiplatelet agents, all agents except ASA showed a trend towards 
a reduction of secondary ischaemia. Antiplatelet therapy did not show any effect on case 
fatality: all risk estimates were close to one, except for the ticlopidine trial, but the result 
was not statistically significant.26  

Effect of antiplatelet therapy on haemorrhagic complication and rebleeding

For haemorrhagic complications, the risk estimate of the main analysis as well as most of 
the subgroup analyses indicated a slightly increased risk, but none of the estimates was 
statistically significant. There were no obvious differences for RCTs that started study 
medication before or after aneurysm occlusion. Data on rebleeding were available for only 
2 RCTs and results were inconclusive. 
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Methodological issues of the present overview

We have assessed all randomised controlled trials in which any type of antiplatelet agent 
was compared with control in patients with SAH. The RCTs were comparable with respect 
to study design and selection of patients, and all had a well balanced distribution of 
prognostic factors for poor outcome between treatment and control groups, which adds to 
the validity of the results. The difference between the numbers in the treatment and control 
groups can be explained by the fact that one study randomised patients into three groups, 
2 treatment groups (different medication dosage) and one control group. Three RCTs were 
defined as poor quality trials, in two treatment allocation and outcome were not blinded27 
or did not mention blinding32 and in two RCTs strict intention to treat analysis was not 
possible because patients were excluded from the analyses.27,30 However, after exclusion of 
these RCTs from the main analyses, the results were essentially unchanged. Four different 
antiplatelet agents were used, and they differ in the way they inactivate platelet function. 
However, in most analyses there were only small differences between the separate agents. 
Only in the analyses for secondary ischaemia the RCTs of acetylsalicylic acid showed a 
trend contrary to the other agents, and there was inconsistency across trials (I-squared 
statistic greater than 50%). In all other analyses there was no inconsistency across trials. 
For some RCTs information was incomplete, but because these RCTs were performed in 
the 1980s, additional information could not be retrieved. 

AuThoRS’ ConCluSionS

Implications for practice

This review shows a trend towards better outcome in patients treated with antiplatelet 
agents, possibly due to a reduction in secondary ischaemia. However, results were not 
statistically significant and no beneficial effect remained in the worst case scenario analysis. 
Thus no definite conclusion can be drawn. Also, antiplatelet agents could increase the 
risk of haemorrhagic complications. On the basis of the current evidence treatment with 
antiplatelet agents can not be recommended for patients with SAH.

Implications for research

Before antiplatelet drugs can be recommended in clinical practice, adequately powered 
RCTs are needed. Based on the effect estimate for poor outcome found in this review (RR 
0.79, 95% CI 0.62 to 1.01), 2000 to 2500 patients need to be included in such a trial (with 
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alpha = 5% and a power of 80%). However, it is difficult to make recommendations as 
to which antiplatelet agent is the most promising. Firstly, there were no large differences 
between the antiplatelet drugs. Ticlopidine yielded the most promising results in this 
review but this was based on only one small study conducted in 1984, and ticlopidine is 
not commonly used anymore due to haematological complications. Acetylsalicylic acid 
did show a trend towards a better overall clinical outcome, but also a trend towards an 
increased risk for secondary ischaemia. Secondly, there was only one study that included 
patients whose aneurysms were treated by endovascular coiling, whereas effects of antipla-
telet drugs may differ between patients treated with surgical or endovascular techniques. 
Thus, it could be worthwhile performing a new pilot study in patients whose aneurysms 
are treated by coiling, before conducting a very large trial based on data from the current 
review in which most patients were treated by surgical clipping of the aneurysm. 
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ABSTRACT
Background: Secondary ischaemia is a frequent cause of poor outcome in patients with 
subarachnoid haemorrhage (SAH). Its pathogenesis has been incompletely elucidated, 
but vasospasm probably is a contributing factor. Experimental studies have suggested 
that calcium antagonists can prevent or reverse vasospasm and have neuroprotective 
properties. We aimed to determine whether calcium antagonists improve outcome in 
patients with aneurysmal SAH.

Methods: We searched the Cochrane Stroke Group Trials Register (last searched April 
2006), MEDLINE (1966 to March 2006) and EMBASE databases (1980 to March 
2006). Two Russian journals (1990 to 2003) were hand-searched and trialists and 
pharmaceutical companies (in 1995 and 1996) were contacted. Selection criteria were all 
randomised controlled trials comparing calcium antagonists with control, or a second 
calcium antagonist (magnesium sulphate) versus control in addition to another calcium 
antagonist (nimodipine) in both the intervention and control groups. Two reviewers 
independently extracted the data and assessed trial quality. Trialists were contacted to 
obtain missing information.

Results: Sixteen trials were included in the review, totalling 2844 patients with SAH; 
including three trials that studied magnesium sulphate in addition to nimodipine. Overall, 
calcium antagonists reduced the risk of poor outcome: the relative risk (RR) was 0.81 (95% 
confidence interval (CI) 0.72 to 0.92); the corresponding number of patients needed to 
treat was 19 (95% CI 1 to 51). For oral nimodipine alone the RR was 0.67 (95% CI 0.55 
to 0.81), for other calcium antagonists or intravenous administration of nimodipine the 
results were not statistically significant. Calcium antagonist reduced the occurrence of 
secondary ischaemia and showed a favourable trend for case fatality. For magnesium in 
addition of standard treatment with nimodipine, the RR was 0.75 (95% CI 0.57 to 1.00) 
for poor outcome and 0.66 (95% CI 0.45 to 0.96) for clinical signs of secondary ischaemia.

Conclusions: Calcium antagonists reduce the risk of poor outcome and secondary 
ischaemia after aneurysmal SAH. The results for ‘poor outcome’ depend largely on a single 
large trial with oral nimodipine; the evidence for other calcium antagonists is inconclusive. 
The evidence for nimodipine is not beyond every doubt, but given the potential benefits 
and modest risks of this treatment, oral nimodipine is currently indicated in patients 
with aneurysmal SAH. Intravenous administration of calcium antagonists cannot be 
recommended for routine practice on basis of the present evidence. Magnesium sulphate is 
a promising agent, but more evidence is needed before definite conclusions can be drawn.
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BACkgRound 
Aneurysmal subarachnoid haemorrhage (SAH) is a subset of stroke and has an incidence 
of 9 per 100,000 person years.1 Half the patients are younger than 55 years of age,2 and 
around 70% of patients die or remain dependent on help for activities of daily life as result 
of the haemorrhage.3 Patients who survive the initial hours after the haemorrhage are at 
risk for deterioration from rebleeding, secondary ischaemia, hydrocephalus and medical 
complications.

Secondary ischaemia occurs in one-third of all patients4 and results in a poor outcome 
in half of the patients with this complication.5 Secondary ischaemia develops most 
frequently between four to ten days after the haemorrhage.4 Its pathogenesis has been 
incompletely elucidated, but is often attributed to narrowing of intracranial arteries. This 
so-called vasospasm may result from an increase of calcium in the vascular smooth-muscle  
cell.6

Calcium antagonists reduce the influx of calcium into the cell through blocking calcium 
channels. Thus, a rationale for the use of calcium antagonists for prevention of secondary 
ischaemia was based on the notion that these drugs can counteract the influx of calcium 
into the vascular smooth-muscle cell, thereby decreasing the rate of vasospasm. After 
the introduction in clinical practice it was discovered that calcium antagonists also 
have neuroprotective properties. Another important effect of calcium antagonists is the 
induction of hypotension, which may counteract the potential benefits.7-10

Magnesium sulphate acts as a non-competitive antagonist of voltage dependent calcium 
channels, as a NMDA-receptor antagonist and has neuroprotective and vasodilatory 
properties.11 It has been shown to reduce cerebral vasospasm and infarct volume after 
experimental SAH.12,13 Also, hypomagnesaemia occurs in more than 50% of patients with 
SAH and is related to the occurrence of secondary ischaemia.14 These observations have 
led to the hypothesis that magnesium sulphate can decrease the occurrence of secondary 
ischaemia in patients with aneurysmal SAH.

Several trials with nimodipine and other calcium antagonists have been performed in 
patients with SAH. In recent years magnesium sulphate has been added to the list of 
calcium antagonists that have been tested. The aim of this review is to assess the available 
evidence on calcium antagonists including magnesium sulphate in patients with aneurysmal  
SAH. 
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oBjeCTiveS 
To determine: 

1. whether calcium antagonists improve outcome in patients with aneurysmal SAH.

2. whether calcium antagonists reduce the rate of secondary ischaemia.

3. the effects of calcium antagonists on rebleeding after aneurysmal SAH.

4. the efficacy of each calcium antagonist separately on outcome, occurrence of secondary 
ischaemia and occurrence of rebleeding.

5. the effect of various regimens of nimodipine administration on secondary ischaemia 
and outcome after aneurysmal SAH.

6. whether magnesium-sulphate, in addition to nimodipine, improves outcome, reduces 
the rate of secondary ischaemia and affects the rate of rebleeding after aneurysmal SAH.

meThodS

Criteria for considering studies for this review

Types of studies

We sought to identify all unconfounded randomised trials comparing any calcium 
antagonist with control in patients with aneurysmal SAH. Trials where intervention and 
control groups received a calcium antagonist (nimodipine) and patients were randomised 
to receive either a second calcium antagonist (magnesium sulphate) or placebo were 
also included. We excluded uncontrolled studies, as well as randomised controlled trials 
where allocation to treatment or control group was not concealed (e.g., allocation by 
alternation, open random number list, date of birth, day of the week or hospital number), 
since foreknowledge of treatment allocation might lead to biased treatment allocation.15

Types of participants

Patients of any age and either sex with SAH documented by either CT scan or cerebrospinal 
fluid examination were included in the analysis. A ruptured cerebral aneurysm should 
be proven, preferably by angiography, or at least be highly likely, judged by the pattern of 
haemorrhage on the CT scan. The patients could be in any clinical condition before the 
start of study treatment. 
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Types of interventions

Treatment with any calcium antagonist, including magnesium sulphate, versus control, 
or with a second calcium antagonist (magnesium sulphate) versus control in addition to 
a calcium antagonist (nimodipine) in both groups, starting within 10 days of SAH onset. 
Trials in which treatment was started only after onset of symptoms from secondary 
ischaemia were not included. 

Types of outcome measures

The primary outcome measurement was poor outcome (death or dependence on help for 
activities of daily life), assessed within six months after the haemorrhage

Other outcome measurements were:

•	 Case fatality

•	 Secondary ischaemia (clinical signs of cerebral ischaemia, as well as CT or 
MR documented cerebral infarction alone)

•	 Rebleeding within six month of SAH

•	 Adverse effects of the treatment

Since most studies provided an imprecise definition of secondary ischaemia, we used the 
number of patients with secondary ischaemia as given by the authors of the trials included 
in the review. We did not adjust these numbers to a predefined definition of secondary 
ischaemia.16 Poor outcome (death or dependency) was based on the information provided 
by the trial authors.

Search methods for identification of studies 

We searched the Stroke Group Trials Register, which was last searched by the Review Group 
Co-ordinator in April 2006. In addition we searched MEDLINE (1966 to March 2006) and 
EMBASE (1980 to March 2006). A search strategy was used a combination of controlled 
vocabulary and free text terms, was used for MEDLINE and modified for EMBASE. We 
searched the reference lists of all relevant trials and contacted stroke trialists in an effort to 
identify further published, ongoing and unpublished studies. For previous versions of this 
review, we hand searched two Russian neurological and neurosurgical journals (Zhurnal 
Nevropatologii i Psikhiatrii Imeni SS Korsakova, Terapevticheskii arkhiv) from 1990 to 
2003. In 1995 and 1996, we also contacted 18 pharmaceutical companies asking them to 
provide any other relevant randomised controlled trials, published or unpublished. Sixteen 
of the 18 companies replied to our request: Bayer AG, Synthelabo Pharmacie, Sandoz 
BV, Astra, Bristol-Myers Squibb, WYETH, Boehringer Ingelheim, Pfizer bv, Akzo Nobel, 
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Centocor B.V., Schering Nederland B.V., Yamanouchi Europe B.V., Amersham Healthcare, 
Parke-Davis, Zambon Nederland B.V., UCB Pharma B.V.

Data collection and analysis 

Data extraction and trial quality assessment

Two reviewers independently extracted details of randomisation methods, blinding of 
treatments and outcome assessments. We aimed to extract from each trial the outcome 
assessments at the end of follow up for all patients who were originally allocated to each 
treatment group to perform an intention to treat analysis. On basis of the extracted 
data the reviewers decided whether intention-to-treat analysis was possible from the 
published data, and whether treatment groups were comparable with regard to major 
prognostic risk factors for outcome, the number of patients who were excluded or lost to 
follow up, definition of outcome events, and entry and exclusion criteria. In addition, we 
recorded study drug dose, route and timing of the drug administration, type and timing of 
aneurysm treatment, duration of follow up, the numbers of deaths, severe disability, CT-
documented infarction, episodes of rebleeding, whether angiography was performed before 
randomisation, and adverse effects of study drugs. For the trials with magnesium sulphate 
we recorded whether study medication was given in addition to another calcium-antagonist 
(nimodipine) or not. If patients were excluded or lost to follow up after randomisation 
(trials with so-called explanatory analysis) or if any of the above data were not available 
from the publications, further information was sought by contacting the trialists to allow 
an intention-to-treat analysis. If the data about patients who were excluded or lost to follow 
up remained unavailable, a decision whether to include this particular trial in the review 
was made by all authors.

Data analysis

The primary analyses were based on the intention-to-treat results (if available) of the 
individual trials, for ‘poor outcome’ (death or dependence on help for activities of daily life), 
and for case fatality. An estimate of the treatment effect across trials (Relative risk (RR) with 
a 95% confidence interval (CI)) was calculated with standard methods. We also calculated 
absolute risk reductions and numbers needed to treat. To quantify inconsistency across 
trials, the I-squared statistic was used, which describes the percentage of the variability in 
effect estimates that is due to heterogeneity. A value greater than 50% may be considered 
substantial heterogeneity.

If primary analyses suggested a beneficial effect, secondary analyses were performed 



103

10

according to the worst case scenario method. A worst case scenario analysis assumes that 
those patients who had been excluded or lost to follow up in the treatment group have the 
worst possible outcome while those patients who had been excluded or lost to follow up in 
the control group have the best possible outcome. If the effects of primary and secondary 
meta-analyses were of the same direction and magnitude, a definitive conclusion about the 
treatment effectiveness was made, otherwise no definitive conclusion was made. Worst case 
scenario analysis was also performed if efficacy was found for the prevention of clinical 
events (see below), but not for paraclinical outcome measurements, such as cerebral 
infarction documented by CT scan, since paraclinical outcomes are usually assessed in 
patients with a clinical deterioration only.

After previous versions of the review, new trials with magnesium sulphate have been 
performed. Since nimodipine is now standard treatment in many countries, trials have 
been performed with magnesium sulphate in addition to a standard regimen with another 
calcium antagonist (nimodipine). Therefore, studies that assessed magnesium sulphate in 
the absence of another calcium antagonist (nimodipine) were included in the main analysis; 
studies that assessed magnesium sulphate in the presence of another calcium antagonist 
(nimodipine) were analysed separately.

Additional pre-specified analyses were based on:

1. methodological quality of trials (exclusion of trials in which blinding for treatment 
allocation or outcome assessment was not performed or reported),

2. time between SAH and randomisation (exclusion of trials enrolling patients after 
four days),

3. according to time of outcome assessment,

4. separate assessment of the efficacy of each agent and of route of administration, and

5. exclusion of the largest trial. 

ReSulTS 

Description of studies  

We identified 27 trials on treatment with calcium antagonists in patients with subarachnoid 
hemorrhage, 20 of any calcium antagonist versus placebo,17-36 and seven trials of magnesium 
sulphate in addition to nimodipine.37-43 The trials were performed between 1983 and 2006. 
Sixteen of these 27 trials were included in the review, including three trials on magnesium 
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sulphate in addition to nimodipine.37,41,42 The other 11 trials were excluded for the 
following reasons. Two randomised controlled trials on nimodipine were excluded because 
nimodipine was started only after the development of secondary ischemia (188 patients)24 
or after vasospasm (84 patients).43 Four controlled trials totalling 561 patients were excluded 
because the allocation to the treatment and control group was not randomised23,26,34 or the 
allocation to treatment or control group was not concealed.40 Another trial of magnesium 
sulphate was excluded because it was not a randomised trial;19 one trial of 30 patients was 
excluded because outcome was given only for patients with secondary ischaemia;18 and 
another study totalling 32 patient was excluded because there were no data on any of the 
outcome measures.43 Two trials of magnesium in addition to nimodipine, both aiming to 
include several hundreds of patients, are presently ongoing.38,39

Size of the trials and treatment modes

The meta-analysis includes 16 studies totalling 3361 patients (1665 in the treatment and 
1696 in the control group). In three trials, with 383 patients, magnesium sulphate versus 
placebo was studied in addition to nimodipine. The number of patients per trial ranged 
from 2027 to 554.32 The mean ages of the patients ranged from 44 to 56 years. In 13 trials, 
the study treatment was started within four days after onset of SAH; in three trials it was 
started within 10 days after onset of SAH.21,22,29 In these three trials, drug therapy was 
started in 69% to 86% patients within three days after the most recent SAH. 

Nimodipine was given orally every four hours in a total daily dose of 360 mg in five trials 
(593 treatment group patients including 246 patients who received oral medication after 
seven to ten days of continuous intravenous infusion),22,28,29,31,32 in a total dose of 540 mg 
in one trial (91 patients),30 and of 2.1 mg/kg in another trial (58 patients).17 In one small 
study, 13 patients received continuous intravenous infusion of nimodipine in a dose of 2 
mg/hour.27 One study first administered nimodipine 5-8 drops per minute of 10 mg/50 
ml solution for 8-10 hours daily intravenously for 15 days, followed by 90 mg orally for 
another 15 days (exact dosage in mg unknown).36 In two trials where nimodipine was 
given orally or through continuous intravenous infusion (95 patients), this drug was also 
administered intraoperatively into the basal cisterns near the exposed arterial segments.27,28 
Duration of the nimodipine treatment was 21 days in all trials but two. In one trial27 the 
treatment duration was at least nine days whereas the overall treatment period was not 
specified, in another trial the treatment period was 30 days.36 There were two trials of 
nicardipine treatment after aneurysmal SAH; one trial with oral nicardipine 3 times 60 
mg per day for 21 days20 and one with iv nicardipine 0.15 mg/kg/hr for 14 days after the 
SAH.21 Another trial studied AT877 given in three doses of 30 mg intravenously per day 
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for 14 days.33 One study assessed magnesium sulphate versus control in the absence of 
another calcium antagonist as standard treatment; in this study magnesium was given 
intravenously, 25 mg in 500 cc of 5% glucose 20-40 drops per minute, 1-2 times a day for 
2-3 weeks (exact dosage in mg unkwown).25

In all three trials where patients were randomised to receive either magnesium sulphate 
or placebo in addition to standard nimodipine treatment, magnesium sulphate was 
administered intravenously.37,41,42 One trial used a bolus infusion of 6g followed by 
continuous infusion at 2g/hour for 10 days and dosage adjustments were made to 
maintain Mg level between 4 and 5.5 mg/dl (between 1.7 and 2.3 mmol/L). Patients in 
the placebo group received routine infusions of MgSO4 if serum Mg was less than 2 mg/
dl (0.8 mmol/L).41 A second trial used magnesium sulphate 64 mmol/day continuously 
for 14 days after occlusion of the aneurysm or for 18 days after the SAH,37 a third trial 
used a bolus injection of 20 mmol followed by 80 mmol magnesium sulphate per day 
continuously for 14 days.42

Aneurysm treatment

In 11 of the 13 trials of calcium antagonists versus placebo, the aneurysm was treated by 
surgical clipping; in six trials, the aneurysm was clipped in all patients, in the other five in 
30-60% of patients. Two studies did not mention the method of aneurysm treatment.25,36 

In the three trials with magnesium sulphate versus placebo in addition to nimodipine, 
aneurysms were treated with surgical clipping (between 52-66% of all patients) as well as 
endovascular coiling (between 24-28% of all patients). In none of these three trials were 
results given separately according to the way the aneurysm was occluded.

In 2741 (82%) of the patients, aneurysms were confirmed by angiography or autopsy.  In 
three trials angiography was not mandatory before randomisation; in one of these two trials 
an aneurysm was demonstrated by angiography or autopsy in 77% of patients,28 in the other 
trial in 66% of patients.32 One trial included patients with an aneurysmal pattern on CT 
scan, and in absence of an aneurysmal pattern on CT an aneurysm had to be confirmed 
on angiography,37 another trial included patients with a SAH on CT scan, without further 
specification.25 Five trials enrolled only patients in good or fairly good clinical condition 
on admission (Hunt and Hess grades I-III).17,22,27,29



Calcium antagonists for SAHChapter 10

106

Outcome measures and follow up duration

In ten trials poor outcome (death or dependence) was assessed at one to six months. Two 
trials measured functional outcome as early as after three weeks, when most patients 
with aneurysmal SAH are still hospitalised and complications may still supervene.20,31 
One trial did not report case fatality separately from poor outcome.31 Duration of follow 
up was 21 days in three trials;17,20,31 duration of hospital stay in one trial,25 one month in 
two trials;33,36 two months in one trial;27 three months in six trials;21,28,30,32,37,41 three to six 
months (mean, 114 days) in one trial;22 six months in one trial42 and at three months and 
at one-three years in one trial.29

Data on secondary ischaemia (ischaemic neurological deficit by clinical criteria or CT scan 
documented cerebral infarction) were available for all 16 trials included in the analysis. 
Rebleeding during the follow up period was reported in nine studies.17,20,21,28,30,32,33,36,37

Risk of bias in included studies

Method of randomisation and data analysis

Six trials used envelopes (sealed, opaque, and sequentially numbered) as the method 
of randomisation.20,22,28-30,42 In five trials, numbered or coded containers administered 
sequentially to the enrolled participants were used to randomise patients to either treatment 
or control group.17,20,27,33,37 In one trial, patients were randomised by means of separate 
randomisation lists (type unspecified) for each centre, balanced in blocks of four.32 In four 
trials the exact method of randomisation was not specified.25,31,36,41

Outcome assessment and comparability of the treatment groups

A double-blind placebo controlled design was used in 12 of the 16 trials. In one trial 
outcome assessment was unblinded,41 and for another it remained unknown whether 
the outcome assessment was blinded.22 Two studies did not use a placebo and did not 
mention whether outcome assessment was performed blinded.25,36 Data on outcome 
were incomplete in seven of the 16 included studies, mostly because patients with a 
different diagnosis or other protocol violations had been excluded from the analysis after 
randomisation.17,20,21,30,31,33,41 The number of patients without data on follow up totalled 
47 for the treatment group (5.7% of all patients in the treatment group of the seven trials 
with incomplete follow up, and 2.8% for all 16 trials); this number was 38 for the control 
group (4.5% of the control patients in the seven trials with incomplete follow up, and 2.2% 
for all 16 trials). Treatment and control groups were well balanced for major prognostic 
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factors in 14 of the trials; two trials did not give information on baseline characteristics 
other than age and.25,36

effeCTS of inTeRvenTionS

Poor outcome

Calcium antagonists versus placebo

Nine trials adequately reported functional outcome within six months after the SAH, 
totalling 2589 patients (Figure 10.1).20-22,27,29-33 The relative risk (RR) for poor outcome 
(death or dependency) was 0.81 (95% CI 0.72 to 0.92). The absolute risk reduction was 
5.3%; the corresponding number of patients needed to treat (NNT), to prevent a single 
poor outcome event, was 19 (95% CI 1 to 51). 

In a sensitivity analysis for trials of good methodological quality, we excluded four of the 
seven trials: one in which the method of blinding treatment allocation was not reported,22 
and three in which it was uncertain whether assessment of outcome was blinded.20,30,31 The 
estimated effect without these trials was essentially unchanged (RR 0.74; 95% CI 0.62 to 
0.90). The RR was just no longer statistically significant in the worst case scenario (RR 
0.92; 95% CI 0.81 to 1.03) or when the largest trial32 was excluded from the analysis (RR 
0.88, 95% CI 0.77 to 1.03). 

When two trials were excluded that reported on outcome as early as 21 days,20,31 the RR 
remained essentially the same (RR 0.82, 95% CI 0.72 to 0.93). Also subgroup analysis for 
patients admitted within four days of SAH, with exclusion of three trials in which patients 
were randomised until seven days after the SAH,21,22,29 did not appreciably change the result 
(RR 0.71; 95% CI 0.63 to 0.80). Analysis for poor outcome according to type of calcium 
antagonist and route of administration showed that the results are statistically significant 
only for oral administration of nimodipine (RR 0.67, 95% CI 0.55 to 0.81). For the trials 
that administered nimodipine first intravenously and then orally, no statistically significant 
effect was found (RR 0.85; 95% CI 0.57 to 1.28). For the other calcium antagonists, the 
results were inconclusive: in the AT877 trial the relative risk for poor outcome was 0.84 
(95% CI 0.57 to 1.23), for the trial with nicardipine intravenously 0.97 (95% CI 0.78 to 
1.20) and for one very small trial with nicardipine orally 1.31 (95% CI 0.58 to 2.95). There 
were no statistical differences between the subgroups of different calcium antagonists 
(p=0.43) or between the subgroups according to timing of outcome assessment (p=1.0) 
as determined by the Deeks method.
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Magnesium sulphate versus placebo in addition to nimodipine

Data on poor outcome were available for all three trials totalling 379 patients (Figure 
10.2).37,41,42 The RR for poor outcome was borderline statistically significant: RR 0.75 (95% 
CI 0.57 to 1.00). The absolute risk reduction was 9% and the NNT 11 (95% CI 5 to infinity). 
In the worst-case analysis the RR was 0.77 (95% CI 0.58 to 1.03), and after exclusion of 
one methodologically poor trial41 the RR was 0.76 (95% CI 0.56 to 1.03). 

figure 10.1 Calcium antagonists: RR for poor outcome.
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Case fatality

Calcium antagonists versus placebo

Case fatality was adequately reported in 11 trials totalling 2775 patients (Figure 10.3).17,20-

22,27-30,32,33,36 For all studies, the RR was 0.87 (95% CI 0.73 to 1.02). Case fatality according to 
timing of outcome assessment yielded similar results: For studies with outcome assessment 
within one month after the SAH the RR was 0.57 (95% CI 0.33 to 1.00) and studies with 
outcome assessment up to six months the RR was 0.91 (95% CI 0.76-1.08). 

When poor quality studies22,30,36 were excluded the result was just statistically significant 
(RR 0.82, 95% CI 0.67 to 0.99), as when three studies were excluded that randomised 
patients up to seven days after the SAH,21,22,29 RR 0.76 (95% CI 0.61 to 0.95). For separate 
drugs and routes of administration, the results were all not statistically significant, the RR 
for oral nimodipine was 0.80 (95% CI 0.63 to 1.03). There were no statistical differences 
between the subgroups of different calcium antagonists (p=1.0) or between the subgroups 
according to timing of outcome assessment (p=0.84).

Magnesium sulphate in addition to nimodipine

Case fatality was adequately reported in all three trials totalling 379 patients (Figure 
10.4).37,41,42 The RR was 0.93 (95% CI 0.61 to 1.41) for all studies, and when one poor 
quality study41 was excluded it was 0.89 (95% CI 0.58 to 1.37).

figure 10.2 Magnesium sulphate: RR for poor outcome.
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figure 10.3 Calcium antagonists: RR for case fatality.

figure 10.4 Magnesium sulphate: RR for case fatality.
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Secondary ischaemia     

Calcium antagonists versus placebo 

Data on clinical signs of secondary ischaemia were available for 11 trials totalling 2303 
patients (Figure 10.5).17,20-22,25,27-31,33 The pooled RR was statistically significant: 0.66 
(95% CI 0.59 to 0.75). Data on CT-confirmed cerebral infarction were available in eight 
trials totalling 1830 patients.20,21,25,25,29,30,32,33,36 The RR for CT confirmed infarction was 

figure 10.5 Calcium antagonists: RR for clinical signs of secondary ischaemia.
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0.78 (95% CI 0.70 to 0.87). The absolute risk reduction was 14% for clinical signs of 
secondary ischaemia and 11% for infarction on CT. The corresponding numbers needed 
to treat were seven patients (95% CI 6 to 10) to prevent a clinical episode of secondary 
ischaemia, and nine patients (95% CI 6 to 15) to prevent a CT-confirmed infarct. Also 
in the worst-case scenario analyses the RR for clinical signs of secondary ischaemia 
was statistically significant (RR 0.78; 95% CI 0.70 to 0.87), and also when poor quality 
studies were excluded (RR 0.66, 95% CI 0.58 to 0.76) or after exclusion of three studies 
that included patients up to seven days after the SAH21,22,29 were excluded (RR 0.57, 
95% CI 0.45 to 0.72). For oral nimodipine separately, the RR for a clinical episode of 
secondary ischaemia was 0.64 (95% CI 0.49 to 0.83) and that for a CT confirmed infarct 
0.71 (95% CI 0.57 to 0.89). Analyses by other routes of administration of nimodipine 
showed no significant differences for the protective effect on secondary ischaemia. Besides 
nimodipine, nicardipine (RR 0.69, 95% CI 0.59 to 0.82), AT877 (RR 0.70, 95% CI 0.52 
to 0.95) and magnesium sulphate (RR 0.29, 95% CI 0.06 to 0.87) yielded statistically 
significant results for clinical signs of secondary ischaemia. There were no statistical 
differences between the subgroups of different calcium antagonists for occurrence of 
secondary ischemia (p=0.73).

Magnesium sulphate in addition to nimodipine 

Data on clinical signs of secondary ischaemia were available for all three trials, totalling 
379 patients (Figure 10.6), totalling 379 patients.37,41,42 The RR was 0.66 (95% CI 0.45 to 
0.96). The absolute risk reduction was 11% and the corresponding NNT 11 patients (95% 
CI 6 to 1.08). The results were essentially the same in the worst case scenario (RR 0.68, 
95% CI 0.46 to 0.98) and when one poor quality study was excluded:41 RR 0.62 (95% CI 
0.41 to 0.93). Data on infarction on CT or MRI scan were not available. 

figure 10.6 Magnesium sulphate: RR for clinical signs of secondary ischaemia.
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Rebleeding

Calcium antagonists versus placebo

Data were available in eight studies totalling 2215 patients (Figure 10.7).17,20,21,28,30,32,33,36 

There was a statistically significant reduction of the frequency of rebleeding among patients 
allocated to calcium antagonist treatment: RR 0.75 (95% CI 0.57 to 0.98). The absolute 
risk reduction was 3% and the corresponding NNT 39 (95% CI 21 to 431). There were no 
statistical differences between the subgroups of different calcium antagonists (p=0.72).

figure 10.7 Calcium antagonists: RR for rebleeding.
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Magnesium sulphate in addition to nimodipine

Data on rebleeding were available for one trial totalling 283 patients, with an RR of 1.09 
(95% CI 0.62 to 1.92).37

Adverse effects

Calcium antagonists versus placebo

Adverse effects were reported in six of the 13 trials,17,21,30-33 but the actual number of patients 
with adverse events was available only in two nimodipine trials30,32 and in one nicardipine 
trial.21 Two reports stated that there were no side effects or adverse reactions attributable to 
nimodipine.17,31 No serious adverse effects have been reported with AT877 given intravenously 
(30 mg over 30 minutes, three times a day).33 In the two nimodipine trials with actual numbers 
of serious adverse events, hypotension was reported in 2.1% of nimodipine treated patients 
and in 1.4% of controls, and reversible dysfunction of the liver/biliary system in 1.4% of 
nimodipine treated patients and in 1.8% of controls. All other reported adverse events had 
occurred in only one or two patients. Nicardipine treatment was associated with hypotension 
(34% versus 5% in controls), phlebitis at the injection site (22% versus 5% in controls), and 
with pulmonary oedema in combination with azotemia (6% versus 2% in controls).21

Magnesium sulphate in addition to nimodipine

Two studies reported on adverse effects. In one study none of the patients had a serious 
adverse event, three patients reported a warm feeling during the start of study drug infusion, 
and another patient receiving magnesium sulphate complained of pain during injection.42 
Another studied reported no serious side effects, but mentioned that in the treatment 
group eight patients discontinued study medication because of side effects (hypotension 
1, bradycardia 2, atrial fibrillation 1, hypermagnesaemia 3, renal failure 1) versus two 
patients in the control group (phlebitis 1, intracranial haematoma 1).37

Statistical homogeneity

The assumption of statistical homogeneity between studies was not violated in any of the 
main analyses. However in some sub-analyses the I-squared statistic was higher than 50% 
(nimodipine orally in analyses for poor outcome, case fatality and infarction on CT, 
nimodipine intravenously followed by oral administration in analyses for case fatality and 
infarction on CT, outcome assessment at 21 days and at three months in poor outcome 
analysis) and sensitivity analyses (worst outcome analyses for poor outcome, clinical signs 
of secondary ischaemia and rebleeding).
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diSCuSSion

Effect of prophylactic calcium antagonists on clinical outcome and sec-
ondary ischaemia

Calcium antagonists versus placebo

Our aggregation of all calcium antagonist trials suggests a reduction of poor outcome 
(defined as death or dependency in activities of daily life) after SAH, though the 
reduction of case fatality alone is not statistically significant. In addition, calcium 
antagonists reduce the frequency of secondary ischaemia; this is probably the most likely 
intermediate factor through which calcium antagonists exert their beneficial effect on 
outcome. The data also indicate that oral nimodipine improves the overall outcome, in 
agreement with the conclusions of previous overviews.44-47 There is no evidence that 
nimodipine or other calcium antagonists improve outcome when given intravenously. 
In the worst-case-scenario analysis and after exclusion of the largest trial with oral 
nimodipine, the benefit in terms of reduction in ’poor outcome’ is no longer statistically 
significant, which implies that the benefits of nimodipine are not beyond all reasonable 
doubt. Also, there was statistical heterogeneity between the studies for oral nimodipine 
and the beneficial effect on poor outcome for oral nimodipine was mainly based on 
one large study.32 Another issue that must be addressed is that in none of these studies 
were aneurysms treated by endovascular coiling, so strictly there is no information on 
calcium antagonist therapy in patients treated with this technique. Nevertheless, since the 
point estimates remain essentially the same in the sensitivity analyses, our data strongly 
suggest that oral nimodipine (60 mg every four hours) is efficacious as initial treatment 
in patients with aneurysmal SAH. Intravenous administration of calcium antagonists, 
which is more expensive and has a substantial risk of induced hypotension,21 cannot 
be recommended on the basis of the present evidence. However, the lack of statistical 
significance of intravenous calcium antagonists could be part due to the small number 
of patients studied with this strategy. For magnesium in addition to nimodipine, the 
results of this metaanalysis are very promising. The relative risk for both poor outcome 
and the occurrence of clinical secondary ischemia were statistically significant, and the 
relative risk for case fatality showed a favourable trend. However, the number of included 
patients is small and these results need to be confirmed by larger trials, of which two are 
currently being conducted.38,39
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Effect of calcium antagonists on rebleeding

Our data suggest that the use of calcium antagonists in patients with SAH is not associated 
with an increased frequency of rebleeding; in contrast, we found a statistically significant 
reduction in the rate of rebleeding. This reduction is independent from the clinical 
condition on admission of patients and from the type of calcium antagonists used, but it 
may well be a confounding effect through the protection against ischaemia, which allows 
earlier operation. Only one magnesium study reported on rebleeding and the result is 
inconclusive. 

Adverse effects

In the current review, dose-related effects of calcium antagonist drugs other than 
nimodipine could not be addressed because of the lack of sufficient data. In a randomised 
double-blind dosecomparing study of nicardipine,21 the beneficial clinical effects of high-
dose (0.15 mg/kg/hr) and low-dose (0.075 mg/ kg/hr) intravenous nicardipine treatment 
were virtually equivalent, but administration of low-dose nicardipine was attended by 
fewer serious side effects. Similar results have been obtained in another dose-ranging 
study Massiou where the tolerability of four doses of intravenous nicardipine (0.03, 0.08, 
0.11, and 0.15 mg/kg/hr) was assessed.48 A dose escalating open clinical trial comparing 
various doses of AT877 has indicated that AT877 has its most favourable effects at a dosage 
of 90 mg per day.49 Two of the magnesium studies reported adverse effects; there were no 
serious adverse effects. 

Methodological issues of the present overview

We have examined all randomised controlled trials in which any type of calcium 
antagonist was compared with control in patients with SAH. The trials were comparable 
with respect to study design and selection of patients, and most had a well-balanced 
distribution of prognostic factors for poor outcome between treatment and control 
groups, which adds to the validity of the results. Sensitivity analyses showed that the 
beneficial results in terms of risk reduction for poor outcome were robust in that the 
results did not appreciably change after exclusion of trials with questionable blinding or 
trials with randomisation of patients more than four days after SAH, or after inclusion 
of trials with very late enrolment or very early assessment. The benefits were no longer 
statistically significant when a worst-case-scenario analysis was applied to patients who 
had been randomised but not accounted for in the published reports, because of erroneous 
diagnosis or protocol violations.
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Since the mechanisms of action differ for the calcium antagonists included in the review, 
we separately assessed the efficacy of each drug. The reason for including AT877 in the 
overview on calcium antagonists was that, apart from protein kinase inhibiting properties,50 
this drug has also an intracellular calcium antagonist action.51,52 

AuThoRS’ ConCluSionS

Implications for practice

Based on our conclusions, we recommend oral nimodipine (60 mg every four hours, to be 
continued for three weeks) as standard treatment in patients with aneurysmal subarach-
noid haemorrhage. Although the evidence about the beneficial effect of nimodipine is not 
beyond all doubt, and is mainly based on one large study where aneurysms were treated 
with surgical clipping, we recommend oral nimodipine given the potential benefits and 
modest risks associated with it. Intravenous administration of calcium antagonists is more 
expensive and potentially hazardous in view of hypotensive effects, and is therefore not 
recommended. There is no evidence that nicardipine or AT877 has a significant effect on 
functional outcome after aneurysmal subarachnoid haemorrhage.

Implications for research

Given that the evidence for the protective effect of calcium antagonists against secondary 
ischaemia and poor outcome after aneurysmal subarachnoid haemorrhage is no longer 
statistically significant after exclusion of a single large trial with oral nimodipine, and that 
most studies have been performed in the era before coiling was available, further placebo-
controlled trials of oral nimodipine could provide a more definitive conclusion. In practice, 
the support for a confirmatory study is bound to be modest. Even on the assumption that 
the benefits of oral nimodipine after SAH are beyond any doubt and are also valid in 
patients with aneurysm occlusion by means of coiling, there are other unresolved issues: 
the advantages and disadvantages in patients in poor clinical condition on admission or 
in patients with established cerebral ischaemia, the optimal dose, the optimal time win-
dow, and the question whether other types of calcium antagonists offer better protection. 
Magnesium sulphate is a potent calcium antagonist and a promising agent in patients with 
SAH; further trials are needed and under way. 
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ABSTRACT
Background: Delayed cerebral ischaemia (DCI) is an important cause of poor out-
come after aneurysmal subarachnoid haemorrhage (SAH). We studied differences in 
incidence and impact of DCI as defined clinically after coiling and after clipping in the 
International Subarachnoid Aneurysm Trial.

Methods: We calculated odds ratios (OR) for DCI for clipping versus coiling, with 
logistic regression analysis. With coiled patients without DCI as reference group, we 
calculated ORs for poor outcome at 2 months and 1 year for coiled patients with DCI 
and for clipped patients without, and with DCI. With these OR’s we calculated Relative 
Excess Risk due to Interaction (RERI).

Results: Clipping increased the risk of DCI compared with coiling in the 2143 patients 
(OR 1.24, 95% confidence interval (95% CI 1.01 to 1.51). Coiled patients with DCI, 
clipped patients without DCI and clipped patients with DCI all had higher risks of poor 
outcome than coiled patients without DCI. Clipping and DCI showed no interaction 
for poor outcome at 2 months: RERI 0.12 (95% CI -1.16 to 1.40) or 1 year: RERI -0.48 
(95% CI -1.69 to 0.74). Only for patients treated within 4 days, coiling and DCI was 
associated with more poor outcome at 1 year than clipping and DCI (RERI -2.02, 95% 
CI -3.97 to -0.08).

Conclusions: DCI was more common after clipping than after coiling in SAH patients 
in ISAT. Impact of DCI on poor outcome did not differ between clipped and coiled 
patients, except for patients treated within 4 days, in whom DCI resulted more often 
in poor outcome after coiling than after clipping.
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BACkgRound 
Aneurysmal subarachnoid haemorrhage still has a poor prognosis: one out of three patients 
die and one out of five remain dependent for activities of daily life.1 Delayed cerebral 
ischaemia (DCI) occurs in about one third to a quarter of the patients and is an important 
cause of poor outcome after SAH.2 DCI carries considerable consequences in terms of 
costs and resumption of employment.3 Important risk factors for the occurrence of DCI 
are poor clinical condition at admission, and the amount of blood on the initial CT scan.4 

After aneurysmal SAH, the aneurysm can be occluded endovascularly by coiling or 
neurosurgically by clipping. The International Subarachnoid Aneurysm Trial (ISAT) 
has shown that if both treatment options are possible, coiling results in a better clinical 
outcome than clipping.5 As DCI is an important determinant of poor outcome, differences 
in incidence or impact of DCI could partly explain the difference in outcome after clipping 
and after coiling.  

Currently, there are no reliable data on differences in occurrence and impact of DCI after 
clipping and after coiling. Expert opinions differ largely. Some authors describe that during 
neurosurgical clipping, the blood clot and thereby spasmogenic agents can be removed 
from the subarachnoid space, which would diminish the risk of symptomatic vasospasm 
and DCI.6,7 Others believe that manipulation of the brain and abluminal vessel walls 
during surgery increases the risk of vasospasm and DCI,8 when compared to the risk of 
DCI after coiling.

To determine whether there is a difference in occurrence and impact of DCI after SAH in 
patients treated by endovascular coiling and those treated with neurosurgical clipping, we 
studied incidence and impact of DCI as defined clinically after coiling and after clipping 
in a large randomised controlled trial (ISAT trial).5 

meThodS

Patients

We analysed the data of patients who had participated in the ISAT trial, a clinical trial 
that randomised 2143 patients to either endovascular coiling or neurosurgical clipping 
of the ruptured aneurysm. The methods of this trial have been described previously.5 In 
short, patients were included in the trial if they had a definite subarachnoid haemorrhage 
within the last 28 days and a demonstrated aneurysm, the aneurysm was judged by both 
the neurosurgeon and the neuroradiologist to be suitable for treatment, but there was 
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uncertainty which treatment was preferred, and informed consent was obtained. The 
majority of included patients were in a good clinical condition at admission. 

Of the included patients, age, sex, clinical grade on the World Federation of Neurosurgical 
Surgeons (WFNS) grading scale,9 amount of extravasated blood on the initial CT according 
to the Fisher Scale,10 and the occurrence of DCI was recorded. Age was dichotomised into 
lower or higher than 55 years. The WFNS scale was dichotomised into good clinical condition 
(WFNS 1-3) or poor clinical condition (WFNS 4-5). The Fisher scale was dichotomised into 
Fisher 1-2 and Fisher 3-4. DCI was a clinical diagnosis made by the treating physician. In 
the ISAT manual the following definition was given for DCI: clinical grounds of delayed 
ischemic neurological deficit, not due to operative factors or other factors such as procedural 
vessel occlusion, hydrocephalus or aneurysmal re-bleeding, and by the clinicians judged 
to be due to “vasospasm”. The day of DCI or results of imaging studies were not recorded. 
Clinical outcome was assessed by self-reported questionnaires with the modified Rankin 
(mRS) score at 2 months and at 1 year.11 Poor outcome was defined as an mRS of 3 or higher. 

Data analysis

To compare the occurrence of DCI after clipping with that after coiling, we calculated 
the odds ratio (OR) with corresponding 95% confidence interval (95% CI) with logistic 
regression analysis. 

To study whether the impact of DCI on poor outcome is different in clipped patients than in 
coiled patients, we first calculated ORs with 95% CI for the occurrence of poor outcome for 
3 different groups of patients: Coiled patients with DCI, clipped patients without DCI, and 
clipped patients with DCI, compared with the reference group consisting of coiled patients 
without DCI. To study whether there was an interaction between treatment modality and 
the occurrence of DCI, we calculated the “Relative Excess Risk due to Interaction (RERI)”, 
with 95% CI.12 The RERI is calculated as OR++ - OR+- - OR -+ + 1, with OR++ the odds of 
clipping and DCI, OR+- that of clipping and no DCI, and OR -+ that of coiling and DCI. If 
the RERI is > 0, this means there is attributive risk of the combination of clipping and DCI; 
if the RERI is < 0, this means an attributive risk for the combination of coiling and DCI.

Because DCI mostly occurs between the 4th and 10th day after the SAH, we performed a 
sensitivity analysis for the subgroup of patients treated within 4 days after the SAH. All 
analyses were adjusted for age, sex, clinical condition and amount of extravasated blood 
only if they altered the crude OR with more than 5% in bivariate analysis. In all analyses, 
variables were introduced dichotomously and patients were analysed according to their 
original treatment allocation.
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ReSuLTS

Treatment modality and occurrence of DCI

Table 11.1 shows the baseline characteristics of the 2143 included patients. Of the 1070 
patients allocated to clipping, data on presence or absence of DCI were known for 1066 
(99.6%) patients. DCI had occurred in 283 (27%) of these patients. Of the 1073 patients 
allocated to coiling, data on presence or absence of DCI were known for 1069 (99.6%). 
DCI had occurred in 241 (23%) of these patients (Figure 11.1). Of the cross-overs, DCI 
occurred in 2 of the 8 patients (25%) originally allocated to coiling and in 12 of the 39 
patients (36%) originally allocated to clipping. 

Clipping increased the risk of DCI compared with coiling: OR 1.24 (95% CI 1.01 to 1.51). 
The absolute risk difference was 4% (95% CI 0 to 8%). Adjustment for age, sex, clinical 
condition on admission and amount of extravasated blood did not change the OR in 
bivariate analyses with more than 5%, so no multivariate analysis was performed. When 
only the 1373 patients were analysed who were treated before day 4, the OR for DCI for 
clipping versus coiling was 1.48 (95% CI 1.15 to 1.89) and the absolute risk difference 7% 
(95% CI 3 to 11%). Adjustment for baseline characteristics did not change the OR.

Table 11.1 Baseline characteristics of 2143 included patients

Endovascular coiling
N = 1073

Neurosurgical clipping
N = 1070

Mean age (SD) in years 52 (12) 52 (11)

Female (%) 673 (63%) 672 (63%)

Poor clinical condition on admission (WFNS 4-5) (%) 63 (6%) 61 (6%)

Fisher ≥ 3 (%) 826 (77%) 829 (78%)

Median days from SAH to randomisation (SD)* 2.0 (3.8) 2.0 (4.6)

Median days from randomisation to treatment (SD)* 1.0 (2.0) 1.0 (3.1)

Median days from SAH to treatment (SD)* 3.0 (4.7) 3.0 (5.8)

Number of patients coiled (%) 1055 (98%)

Number of patients clipped (%) 1004 (94%)

Treatment cross-over (%) 8 (1%) 39 (4%)

* Day of SAH is day 0.
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DCI and outcome in coiled and clipped patients

Data on DCI and outcome at 2 months were known for 1057 (98.8%) of the clipped patients 
and for 1059 (98.7%) of the coiled patients. Coiled patients with DCI, clipped patients 
without DCI, and clipped patients with DCI, all had a statistically significant higher chance 
of poor outcome at 2 months when compared with coiled patients without DCI (Table 11.2). 

The RERI for interaction of clipping and DCI was 0.12 (95% CI -1.16 to 1.40) after 
adjustment for amount of extravasated blood. When only patients treated within 4 days 
were taken into account, the RERI was -0.19 (95% CI -1.99 to 1.60) after adjustment for 
age, clinical condition on admission and amount of extravasated blood.

Data on DCI and outcome at 1 year were known for 1051 (98.2%) of the clipped patients 
and for 1060 (98.8%) of the coiled patients. When we repeated the analyses for the 1-year 

Figure 11.1 Flow chart of the 2143 included patients: Occurrence of DCI and poor outcome.
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outcome, a similar pattern emerged (Table 11.3). The RERI was -0.48 (95% CI -1.69 to 
0.74) after adjustment for age, clinical condition on admission and amount of extravasated 
blood. When only patients treated within 4 days were taken into account, the adjusted RERI 
was -2.02 (95% CI -3.97 to -0.08), meaning a significant attributive risk of poor outcome 
for the combination of coiling and DCI than for the combination of clipping and DCI.

dISCuSSIon
This study shows that clinically defined DCI was more common after neurosurgical 
clipping than after endovascular coiling in SAH patients randomised between one of these 
treatments. The impact of DCI on poor outcome was not different after clipping than after 

Table 11.2 ORs for poor outcome at 2 months, for different patient categories compared to coiled 
patients without DCI

Treatment modality DCI Poor outcome at 2 months

n/N (%) OR*  (95% CI)

Coiling No 166/819 (20%) Ref.

Coiling Yes 110/240 (46%) 3.10 (2.27 to 4.52)

Clipping No 243/776 (31%) 1.80 (1.43 to 2.26)

Clipping Yes 145/281 (52%) 4.02 (3.00 to 5.39)

RERI** 0.12 (-1.16 to 1.40)

* Adjusted for amount of blood on initial CT scan. ** Relative Excess Risk due to Interaction.

Table 11.3 ORs for poor outcome at 1 year, for different patient categories compared to coiled 
patients without DCI

Treatment modality DCI Poor outcome at 1 year

n/N (%) OR* (95% CI)

Coiling No 150/822 (18%) Ref.

Coiling Yes 100/238 (42%) 3.25 (2.38 to 4.44)

Clipping No 204/772 (26%) 1.61 (1.27 to 2.04)

Clipping Yes 120/279 (43%) 3.38 (2.52 to 4.55)

RERI** -0.48 (-1.69 to 0.74)

* Adjusted for age, clinical condition on admission and amount of blood on initial CT scan. ** Relative Excess Risk 
due to Interaction.
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coiling. The difference in occurrence of DCI between coiling and clipping can, at least 
partly, explain the difference in outcome between clipped and coiled patients. Our results 
strengthen the current practice of preference for coiling of a ruptured aneurysm above 
clipping, if the aneurysm is suitable for both treatment options.

By calculating the RERI for the interaction of clipping and DCI, we found no additional 
effect on poor outcome, meaning no difference of impact of DCI on outcome between 
clipping and coiling, except for the subgroup of patients treated within 4 days. In this 
subgroup there was no difference of impact of DCI between clipping and coiling for 
outcome at 2 months, but at one year DCI had a stronger impact on poor outcome after 
coiling than after clipping. We have two explanations for the results in this pre-specified 
subgroup analysis. Firstly, even though the study group and numbers of outcome events are 
very large in this study and the analysis was pre-planned, it can still be a chance finding. 
Secondly, the recovery from DCI after coiling may be worse than after clipping because of 
the high frequency of small ischemic lesions after coiling of aneurysms.13,14 These lesions 
may enlarge the affected areas and slow down the clinical recovery.

Several studies have tried to assess the difference in the incidence of DCI between clip-
ping and coiling. One meta-analysis, including nine studies, showed a trend towards less 
symptomatic vasospasm after coiling than after clipping.15 However, the included studies 
had methodological weaknesses. All but one study were non-randomised, and the decision 
which technique of aneurysm treatment was used was made on basis of patient characteris-
tics. As a result, the 2 treatment groups were not comparable: patients who were treated by 
coiling were older, more often had a poor clinical prognosis and were more likely to have 
an aneurysm in the posterior circulation. Incidence and impact of DCI of these patients 
can therefore not be attributed to aneurysm treatment modality alone, but was most likely 
influenced by differences in baseline characteristics between the two patient groups. One 
published RCT reported more ischaemic deficits on MRI at 12 months after treatment in 
the neurosurgical treated group, but did not report on clinical aspects of DCI.16 

Strong points of our study are that we used data from a large randomised controlled trial 
where patients were randomised between neurosurgical or endovascular treatment. This 
enabled us to study differences in DCI between clipped and coiled patients independent 
of confounding factors. Moreover, we had a very high percentage of follow-up. This makes 
it highly likely that the differences we found in the occurrence of DCI are really due to 
the treatment modality.

An important draw-back of this study is that the diagnosis of DCI is difficult. We used a 
clinical definition of DCI and did not take into account angiographic vasospasm or ischae-
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mic lesions on CT scan, because unfortunately these data were not recorded in the ISAT. 
The final diagnosis was left to the discretion of the treating physician. These physicians 
were not blinded to the allocated treatment. In clipped patients, surgery-related damage 
might have been diagnosed as DCI, and might have led to differences in diagnosing DCI 
between different physicians and different hospitals. However, the definition of DCI was 
clearly described in the ISAT manual and excluded procedural ischaemia and should have 
led to more uniformity. Moreover, as randomisation was stratified per hospital, different 
interpretation of the diagnosis of DCI per hospital should not have led to a bias. Treatment 
of DCI was also left to the treating physician, but because of randomisation stratified per 
hospital, we think that it is unlikely that DCI will have been treated differently in clip-
ped than in coiled patients. Also, the confidence interval for the risk of DCI for clipping 
compared with coiling was close to 1 (OR 1.24 (95% CI 1.01 to 1.51).

Another weak point is that the day of DCI was not recorded. Some patients will have been 
treated with either coiling or clipping after the DCI episode, and therefore the treatment 
modality cannot have been an influencing factor. The median day of treatment was on 
day three after the SAH. For this reason, we performed a sensitivity analysis of all patients 
who were treated before day four, because mostly, DCI does not occur before day four.8 
These analyses showed even higher ORs for the risk of DCI after clipping compared with 
coiling, which strengthens the reliability of our results.

In conclusion, DCI was more common after neurosurgical clipping than after endovascular 
coiling in ISAT patients. DCI did not have more impact on poor outcome in clipped pa-
tients than in coiled patients, except for patients treated within 4 days, with an attributive 
risk of poor outcome at 1 year for the combination coiling and DCI. 
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ABSTRACT
Background: The ideal timing of coiling or clipping after aneurysmal subarachnoid 
haemorrhage (SAH) is unknown. Within the International Subarachnoid Aneurysm 
Trial we assessed differences in incidence of DCI and clinical outcome between dif-
ferent timings of treatment.

Methods: The treated 2106 patients randomised to coiling or clipping were divided 
into 4 categories: treatment <2 days, on days 3-4, days 5-10, and >10 days after the 
haemorrhage. Odd ratios (OR) with 95% confidence intervals (CI) were calculated 
with logistic regression analysis for DCI, poor outcome at 2 months and 1 year for 
the different timing categories, with treatment <2 days as reference. Analyses were 
performed for all patients, and for coiled and clipped patients separately, and adjusted 
for baseline characteristics.

Results: Adjusted ORs of DCI for treatment on days 5-10 were 1.18 (95% CI 0.91 to 
1.53) for all patients, 1.68 (95% CI 1.17 to 2.43) after coiling and 0.79 (95% CI 0.54 to 
1.16) after clipping. ORs for poor outcome at 2 months were 1.16 (95% CI 0.89 to 1.50) 
for treatment (clipping and coiling combined) at 3-4 days, 1.39 (95% CI 1.08 to 1.80) 
for treatment at 5-10 days and 1.84 (95% CI 1.36 to 2.51) for treatment >10 days. ORs 
for coiled and clipped patients separately were in the same range. Results for outcome 
at 1 year results were similar.

Conclusion: Our results support the current practice for early aneurysm treatment in 
SAH patients. The risk for poor outcome was highest when treatment was performed 
after day 10, postponing treatment in patients who are eligible for treatment between 
days 5-10 after SAH, is not recommended.
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Rebleeding after aneurysmal subarachnoid haemorrhage (SAH) dramatically decreases the 
chances of a good outcome.1,2 To prevent rebleeding, treatment of the ruptured aneurysm 
was almost exclusively done by neurosurgical clipping before 1995. Over many years, there 
has been debate about the most suitable timing of surgery.3-5 In the 1960 and 1970s, most 
patients were operated on in the late phase 2 or 3 weeks after the haemorrhage. Surgery in 
the initial two weeks was considered too dangerous, because operating on the swollen and 
vulnerable brain tissue led to high rates of peri-operative complications.6-8 This especially 
applied during the period of maximum vasospasm between days 4 and 10, which was 
considered a particularly dangerous period to operate, because of the risk of delayed 
cerebral ischaemia (DCI). An observational study performed in the 1980s in patients with 
aneurysmal SAH admitted within 3 days after the ictus, suggested that outcome was worst 
when patients were operated between 7 and 10 days after the SAH, and that early surgery 
was neither more hazardous nor more beneficial than delayed surgery after day 10.9 A 
Cochrane review in 2001 identified only 1 randomised clinical trial on timing of surgery 
after aneurysmal SAH.10 In this trial, patients undergoing early surgery (day 0-3) tended 
to have the best outcome, and patients with intermediate surgery (day 4-7) the worst.11 A 
systematic review that included not only this trial but also 10 observational studies, found 
that both early (days 0-3) and intermediate (4-7) surgical treatment resulted in better 
outcome than late surgery.12 

In the early 1990s endovascular aneurysm occlusion by means of detachable coils was 
introduced; this is now an established method of aneurysm tretment.13 To our knowledge, 
there are no randomised studies on the optimal timing of coiling. One observational study 
including 327 coiled patients did not find any difference with regard to outcome for early, 
intermediate or late treatment.14

Most centres now aim to treat the aneurysm within 2 days after the SAH. For patients 
who are only eligible for treatment later than day 2, it is important to know the optimal 
timing of aneurysm treatment: as soon as possible or postponed until after the 10th day, 
and whether the treatment modality influences the optimal timing.  

Within the International Subarachnoid Aneurysm Trial we assessed differences in occur-
rence of DCI and clinical outcome between different timings of treatment for coiled and 
for clipped patients.
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meThodS

Patients

We analysed the data of patients who participated in the ISAT trial, a clinical trial that 
randomised 2143 patients to either endovascular coiling treatment or neurosurgical clipping 
of the ruptured aneurysm. The methods of this trial have been described previously.13 In 
short, patients were included in the trial if they had a definite subarachnoid haemorrhage 
within the previous 28 days, and an aneurysm that was judged by both the neurosurgeon 
and the interventional radiologist to be suitable for treatment by either technique, but there 
was uncertainty which treatment was most appropriate. Informed consent was obtained 
from the patient or relatives. The majority of included patients were in a good clinical 
condition at admission and had anterior circulation aneurysms. For the current study, 
we analysed patients according to the treatment they actually received, also if treatment 
cross-over occurred (on treatment analysis). 

Of the included patients, age, sex, clinical grade on admission by means of the World 
Federation of Neurosurgical Surgeons (WFNS) grading scale,15 amount of blood on the 
initial CT according to the Fisher Scale,16 and the occurrence of DCI were recorded. Age was 
dichotomised at 55 years. The WFNS scale was dichotomised into good clinical condition 
(WFNS 1-3) or poor clinical condition (WFNS 4-5). The Fisher scale was dichotomised 
into small amount of blood on CT scan (Fisher 1-2) or large amount of blood on CT scan 
(Fisher 3-4). DCI was diagnosed on clinical grounds as delayed ischaemic neurological 
deficit, which was not due to operative factors or other factors such as procedural vessel 
occlusion, hydrocephalus or aneurysmal re-bleeding, and the clinicians judged the 
deterioration to be due to “vasospasm”. Clinical outcome was assessed by self-reported 
questionnaires with the modified Rankin (mRS) score at 2 months and at 1 year.17 Poor 
outcome was defined as an mRS of 3 or higher or death.  

Statistical analyses

Patients were divided into 4 categories according to the timing of treatment after the SAH: 
within 2 days, on day 3 or 4, on days 5 to10 and later than 10 days. Odds ratios (OR) with 
95% confidence intervals (CI) were calculated with logistic regression analysis for DCI, poor 
outcome at 2 months and 1 year for the different timing categories, with the first category 
(treatment within 2 days) as a reference. We performed these analyses for all patients, and 
separately for coiled and for clipped patients. With subgroups of 450 patients and a risk of 
poor outcome of 30% an absolute risk difference of 6% would have a 95% CI of 0.2 to 11.8%. 
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Likewise, with similar subgroups and risk of DCI of 25% an absolute risk difference of 6% 
would have a 95% CI of 0.6 to 11.4%. To check for interaction between treatment modality 
and the timing category, the cross product of clipping and the particular timing category 
was entered into the regression analyses. If the p value of the crossproduct was < 0.05, we 
considered there was interaction between treatment modality and timing. All analyses were 
adjusted for age, clinical condition at admission and amount of blood on the initial CT scan.

ReSuLTS
Of the 2143 patients randomised in ISAT, 2106 received endovascular or neurosurgical 
treatment. Of these patients, 891 patients were treated on day 0-2 after the SAH, 482 
patients were treated on day 3-4, 474 between day 5-10, and 259 patients on day 11 or 
later (Table 12.1). The median day of randomisation in patients treated between 5-10 
days (day 5) and on day 11 or later (day 11) was higher than in patients treated on days 
0-2 (day 1) or 3-4 (day 2). Patients treated on days 0-2 received treatment on a median of 
0.3 day after the randomisation day, patients treated on day 3-4 or 5-10 on a median of 1 
day after randomisation day and patients treated after 10 days on a median of 3 days after 
randomisation day. Rebleeding before aneurysm treatment, but after randomisation, was 
more frequent in the group treated after day 10.

Table 12.1 Baseline and disease characteristics of the 2106 included patients

Characteristics

Timing of treatment, days after SAH

All
N = 2106

0-2
N = 891

3-4
N = 482

5-10
N = 474

≥ 11
N = 259

Age (mean, SD) 52 (12) 51(11) 51 (12) 52 (12) 55 (12)

Women (%) 1321 (63) 562 (63) 300 (62) 285 (60) 174 (67)

WFNS* 1-3 (%) 1990 (95) 815 (92) 469 (97) 460 (97) 246 (95)

Fisher 1-2 (%) 470 (22) 175 (20) 94 (20) 131 (28) 70 (27)

Admission day, median (IQR) 1 (1,3) 1 (0,1) 2 (1,2) 3 (1,5) 7 (3,1)

Randomisation day, median (SD) 2 (1,4) 1 (1,1) 2 (2,3) 5 (4,6) 11 (8,1)

Days between randomisation-treatment, 
median (SD)

1 (0,3) 0 (0,1) 1 (1,1) 1 (1,3) 3 (1,7)

DCI (%) 511 (24) 218 (25) 118 (25) 123 (26) 52 (20)

Rebleeding** (%) 28 (1.3) 6 (0.7) 2 (0.4) 5 (1.1) 15 (5.8)

WFNS: World Federation of Neurological Surgeons scale; DCI: delayed cerebral ischaemia; IQR: interquartile range; 
* Measured at randomisation. ** Rebleeding after randomisation but before treatment.
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Data on DCI were available for 2099 (99.7%) of patients. The risks of DCI for all treated 
patients, and for patients after coiling and clipping separately are given in Table 12.2. Only 
between days 5-10, there was a statistically significant interaction between treatment 
modality and timing, with a lower risk of DCI for clipping during this time period than 
for coiling (p=0.01).

Data on poor outcome at 2 months and at 1 year are given in Table 12.3. The risk of poor 
outcome increased with increasing time lapse of treatment after SAH. There was no 
interaction between treatment modality and timing in any timing category.

dISCuSSIon
Our study shows that clinical outcome is worse when aneurysm occlusion is performed later 
after the SAH, after differences in baseline characteristics have been taken into account. In 
patients who were coiled between 5 to10 days after the SAH, the risk for DCI was higher 
than in other treatment periods, but this increased risk did not result in worse outcome 
either at 2 months or 1 year compared with treatment within 2 days. Clipped patients had 
no higher risk of DCI when treated between 5 to 10 days. 

Table 12.2 ORs for DCI for patients treated on day 3-4, day 5-10 and day 11 or later compared to 
patients treated on day 0-2, for all patients and for coiled and clipped patients separately

n/N (%) Crude OR (95% CI) Adjusted OR (95% CI)*

All patients
≤ 2 days 218/886 (25%) Ref Ref
3-4 days 118/480 (25%) 1.00 (0,77-1.29) 1.04 (0.80-1.36)
5-10 days 123/474 (26%) 1.07 (0.83-1.39) 1.18 (0.91-1.53)
≥ 11 days 52/259   (20%) 0.77 (0.55-1.08) 0.83 (0.59-1.17)

Coiled patients
≤ 2 days 102/482 (21%) Ref Ref
3-4 days 58/261   (22%) 1.06 (0.74-1.53) 1.11 (0.77-1.61)
5-10 days 68/238   (29%) 1.49 (1.04-2.13) 1.68 (1.17- 2.43)
≥ 11 days 22/109   (20%) 0.94 (0.56-1.58) 1.01 (0.60-1.72)

Clipped patients
≤ 2 days 116/404 (29%) Ref Ref
3-4 days 60/219   (27%) 0.94 (0.65-1.35) 0.97 (0.67-1.41)
5-10 days 55/236   (23%) 0.75 (0.52-1.09) 0.79 (0.54-1.15)
≥ 11 days 30/150   (20%) 0.62 (0.39-0.98) 0.64 (0.41-1.02)

* Adjusted for age, clinical condition at admission and amount of blood on the initial CT scan.
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Table 12.3 ORs for poor outcome at 2 months and 1 year for patients treated on day3-4, day 5-10 
and day 11 or later compared to patients treated on day 0-2, for all patients and for coiled and clipped 
patients separately

n/N (%) Crude OR (95% CI) Adjusted OR (95% CI)*

3A: Outcome 2 months

All patients
≤ 2 days 247/881 (28%) Ref Ref
3-4 days 138/477 (29%) 1.05 (0.82-1.34) 1.16 (0.89-1.50)
5-10 days 147/472 (31%) 1.16 (0.91-1.48) 1.39 (1.08-1.80)
≥ 11 days 102/257 (39%) 1.69 (1.26-2.26) 1.84 (1.36-2.51)

Coiled patients
≤ 2 days 115/477 (24%) Ref Ref
3-4 days 69/262   (26%) 1.13 (0.80-1.59) 1.27 (0.88-1.83)
5-10 days 57/237    (24%) 1.00 (0.69-1.44) 1.17 (0.79-1.72)
≥ 11 days 39/108   (36%)  1.78 (1.14-2.77) 1.73 (1.06-2.81)

Clipped patients
≤ 2 days 132/404 (33%) Ref Ref
3-4 days 69/215   (32%) 0.97 (0.68-1.39) 1.03 (0.71-1.49)
5-10 days 90/235  (38%) 1.28 (0.92-1.78) 1.46 (1.02-2.08)
≥ 11 days 63/149   (42%) 1.51 (1.03-2.22) 1.61 (1.07-2.41)

3B: Outcome 1 year

All patients
≤ 2 days 219/883 (25%) Ref Ref
3-4 days 109/473 (23%) 0.91 (0.70-1.18) 1.00 (0.76-1.32)
5-10 days 122/467 (26%) 1.07 (0.83-1.39) 1.27 (0.97-1.66)
≥ 11 days 94/258  (36%) 1.74 (1.29-2.34) 1.89 (1.38-2.57)

Coiled patients
≤ 2 days 103/480 (21%) Ref Ref
3-4 days 55/258  (21%) 0.99 (0.69-1.43) 1.10 (0.78-1.63)
5-10 days 51/237 (22%) 1.00 (0.69-1.47) 1.17 (0.79-1.75)
≥ 11 days 44/109  (40%) 2.48 (1.60-3.85) 2.50 (1.55-4.03)

Clipped patients
≤ 2 days 116/403 (29%) Ref Ref
3-4 days 54/215  (25%) 0.83 (0.57-1.21) 0.87 (0.59-1.30)
5-10 days 71/230  (31%) 1.11 (0.78-1.57) 1.23 (0.85-1.78)
≥ 11 days 50/149  (34%) 1.25 (0.84-1.87) 1.31 (0.86-2.00)

* Adjusted for age, clinical condition at admission and amount of blood on the initial CT scan.
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Patients who were randomised and treated after day 10 had a worse outcome than patients 
treated earlier. It is important to realise that patients were not randomised for the timing 
of treatment, and the worse outcome in this group is probably related to the reasons for 
postponing treatment such as poor clinical condition on admission, early rebleeding, or 
early deterioration from other causes. This assumption is supported by the fact that patients 
in this group were randomised on a median of 11 days after the SAH, which suggests 
that these patients were only eligible for treatment from day 11 onwards. There was a 
relationship between later admission and time between and randomisation. However, as 
soon as patients were considered eligible for treatment, they could be randomised, and 
treatment was not postponed because of randomisation.

Although the clinical condition (WFNS) did not differ between the groups, the grade 
was measured at time of randomisation and not at time of presentation in the hospital. 
Patients treated after day 10 may have been at a worse clinical condition at admission and 
improved by the time of randomisation. The occurrence of DCI does not seem to be the 
cause of poor outcome in this group, as it was not increased in this patient group. As might 
be expected, rebleeding did occur more often in patients treated after day 10, and this will 
be an important reason for poor clinical outcome.

Because these are observational data no direct causal effect between timing and clinical 
outcome can be concluded. Also, 92% of patients were in a good clinical condition at time 
of randomisation. This means that we cannot extrapolate our results to patients who present 
with a poor clinical condition. Patients were only randomised when both the neurosurgeon 
and the interventional neuroradiologist considered the aneurysm suitable for treatment, 
which also limits generalisibility. DCI was diagnosed on clinical grounds, and TCD or 
radiographic studies were not used in the definition. The strengths of this study are the large 
sample size in each different timing category, and the fact that patients were randomised 
for coiling or clipping, giving us the opportunity to look for differences between these 2 
treatment modalities. Based on our sample size considerations an absolute risk differences 
of 6% between timing subgroups for poor outcome or DCI would have sufficient precision. 
This means that smaller differences could not be detected precisely enough.

Historically, clipping between days 5-10 is considered the worst period for neurosurgery.9,11 
Interestingly, in our study the risk for DCI was low in patients clipped during this time, 
and outcome was not worse when compared with treatment after day 10. On the basis of 
the current evidence there seems no reason to postponing treatment in patients who are 
eligible for treatment at day 5. Given all the methodological concerns given above, ideally 
a new randomised trial would be needed to give definite answers to what is the ideal 
timing of aneurysm treatment after SAH, but such a trial is not likely to be done given 
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the observational evidence for benefit of early treatment. If a randomised trial on timing 
of treatment were conducted, we think it should address the question of when patients 
who present to the hospital in a poor clinical condition should be treated or to those who 
present for treatment later than day 4 after the haemorrhage. An alternative strategy to 
study optimal timing would be to use a Markov decision model.

In conclusion, our results show that aneurysm treatment after day 10 is associated with 
worse outcome, regardless of treatment modality. The results are in line with the latest 
literature that advocates treatment of the aneurysm as early as possible after the SAH.10,12,14 
Interestingly, clipping between days 5-10 did not lead to a higher chance of DCI, whereas 
coiling between days 5-10 did increase the chance of DCI, but not poor outcome. Based 
on these result we do not recommend postponing clipping until day 10 or later in patients 
who are candidates for aneurysm treatment between 5 and 10 days after the haemorrhage. 
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ABSTRACT
Background: Magnesium therapy probably reduces the frequency of delayed cerebral 
ischaemia (DCI) in subarachnoid haemorrhage (SAH), but uncertainty remains about 
the optimal serum magnesium concentration. We assessed the relationship between 
serum magnesium concentrations achieved with magnesium sulphate therapy 64 mmol 
per day and the occurrence of delayed cerebral ischemia (DCI) and poor outcome in 
patients with SAH.

Methods: Differences in magnesium concentrations between patients with and without 
DCI and with and without poor outcome were calculated. Quartiles of last serum 
magnesium concentrations before onset of DCI, or before median day of DCI in patients 
without DCI, were related with the occurrence of DCI and poor outcome at 3 months 
with logistic regression.

Results: Compared with the lowest quartile of serum magnesium concentration (1.10 to 
1.28 mmol/L), the risk of DCI was decreased in each of the higher 3 quartiles (adjusted 
odds ratio (OR) in each quartile 0.2; lower 95% confidence limit 0.0 to 0.1; upper limit 
0.8 to 0.9). The OR for poor outcome was 1.8 (95% CI 0.5 to 6.9) in the 2nd quartile, 
1.0 (95% CI 0.2 to 4.5) in the 3rd quartile, and 4.9 (95% CI 1.2 to 19.7) in the highest 
quartile.

Discussion: Magnesium sulphate 64 mmol/day results in stable risk reduction of DCI 
over a broad range of achieved serum magnesium concentrations, and strict titration of 
the dosage therefore does not seem necessary. However, concentrations ≤ 1.28 mmol/L 
could decrease the effect on DCI while concentrations ≥ 1.62 might have a negative 
effect on clinical outcome.
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BACkgRound 
Aneurysmal subarachnoid haemorrhage (SAH) still has a poor prognosis: half of the 
patients die and one out of every 5 survivors remains dependent.1 In patients who survive 
the initial hours after the haemorrhage and undergo early aneurysm treatment, delayed 
cerebral ischaemia (DCI) is the most important cause of poor outcome. DCI occurs in 
approximately one-third of patients and develops mostly between the 4th and 10th day 
after the SAH.2,3 

Magnesium is a neuroprotective agent with a well established clinical profile and is 
commonly used in obstetrical medicine.4,5 Hypomagnesaemia occurs in more than half 
the patients with SAH and is related to the occurrence of DCI.6 Recently, we conducted 
a randomised, placebo-controlled phase II trial with magnesium sulphate in patients 
with SAH.7 Magnesium therapy reduced the occurrence of DCI by 34% (95% confidence 
interval (95% CI) -14 to 62) and of poor outcome by 23% (95% CI -9 to 46). In this trial, 
magnesium sulphate was given in a standard dosage of 64 mmol daily. With this dosage, 
85% of patients had serum magnesium levels between 1.0 and 2.0 mmol/L.8 Whether there 
is an optimal serum magnesium concentration within this range is unclear.

In this study we assessed whether there is a relationship between achieved serum 
magnesium levels and the occurrence of DCI and poor outcome in patients with aneurysmal 
SAH treated with continuous magnesium sulphate infusion at a fixed dose.

meThodS

Patients

Patients were recruited from the MASH-1 study,7 and the MASH-2 study9 (still ongoing 
and therefore not yet unblinded). Patients included in the study were those admitted 
between November 2000 and November 2005 to the University Medical Centre Utrecht, the 
Netherlands, and when their mean serum magnesium concentration during treatment was 
1.10 mmol/L or higher. In MASH-1, all patients in the placebo group had mean values below 
1.10 mmol/L whereas 97% of patients in the magnesium group had a mean magnesium 
higher than 1.10. The remaining 3% did not actually receive magnesium therapy, and were 
not included in the current study. Serum magnesium concentrations were measured at 
admission and every other day during study. When serum magnesium concentrations 
were not known before the occurrence of DCI, the patient was excluded from the study. 
The outcome raters of the MASH-2 study are masked for the magnesium concentrations.
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All patients started magnesium therapy 64 mmol/day or placebo within 4 days after the 
SAH and continued medication for 20 days after the SAH, or until discharge if this occurred 
before day 20. All patients were treated according to a standardised protocol that consisted 
of absolute bed rest until aneurysm treatment, administration of nimodipine, cessation 
of antihypertensive medication, and intravenous administration of fluid with the aim of 
achieving normovolaemia. We recorded age, sex, clinical condition at admission by means 
of the World Federation of Neurological Surgeons score (WFNS),10 and amount of cisternal 
and ventricular blood on the initial CT scan, as assessed by the Hijdra score.11 The Hijdra 
score has a better interobserver agreement than the Fisher score and, in contrast with the 
Fisher score, is an independent prognosticator for DCI and clinical outcome.12 DCI was 
defined as the occurrence of clinical features of DCI (gradually developed focal deficits, 
decreased level of consciousness or both) confirmed by new hypodense lesions on CT 
compatible with the clinical features.

Clinical outcome was assessed 3 months after the SAH with the modified Rankin score 
by a rater blinded for the serum magnesium concentrations.13 Poor outcome was defined 
as a Rankin score of 4 or higher.  

Data analysis

Mean magnesium levels were calculated for each patient during the whole treatment 
period. In patients with DCI, the last magnesium concentration before the onset of DCI 
was recorded. To compare concentrations in patients with DCI with those in patients 
without DCI, we calculated the median day of onset of DCI. In patients without DCI, the 
last magnesium concentration before this day was recorded and used for comparison. 

Mean differences in magnesium concentrations were calculated between patients with and 
without DCI, and between patients with and without poor outcome, and its precision was 
described with 95% ICs based on the student t test.

The relationship between serum magnesium concentrations and the occurrence of DCI 
was studied by means of logistic regression. To accommodate a possible non-linear 
relationship, values of last serum magnesium concentrations before the onset of DCI 
(and the concentration of the comparable day in the patients without DCI) were divided 
into quartiles. Odds ratios (ORs) were calculated for each of the 3 highest quartiles 
in comparison with the lowest quartile. Results were adjusted for age, WFNS score at 
admission and amount of blood on initial CT-scan, as these are known predictors of DCI 
and poor outcome. All factors were introduced as continuous variables.
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ReSuLTS
During the study period, 359 patients were included in the MASH studies in the University 
Medical Centre Utrecht of whom 165 had mean magnesium concentrations equal or above 
1.10 mmol/L. Ten patients were excluded because no serum magnesium levels were known 
before the onset of DCI. Thus 155 patients were included in this study.  

Baseline characteristics of the patients are shown in Table 13.1. Twenty-seven patients 
(17%) developed DCI between day 1 and day 21 (median day 8). Poor outcome occurred 
in 41 patients (26%). There were no statistically significant differences in the timing of 
start of the study drug after SAH between patients with and patients without DCI or poor 
outcome. There were minimal non-significant differences between mean serum magnesium 
concentrations during treatment or the last serum magnesium concentration before DCI 
onset, in patients with and without DCI. Compared with patients with a good outcome, 
patients with a poor outcome had a higher mean serum magnesium concentration during 
treatment (mean difference 0.22 (95% CI 0.09 to 0.36 )) and a higher last serum magnesium 
concentration before the onset of the (median day of) DCI (mean difference 0.42 (95% 
CI 0.14 to 0.69)) (Table 13.1).

Table 13.1 Baseline characteristics and serum magnesium concentrations

DCI Poor outcome

Yes No Yes No

No. (%) 27 (17) 128 (83) 41 (26) 114 (74)

Mean age (SD) 57 (18) 56 (13) 64 (15) 53 (13)

Women (%) 19 (70) 83 (65) 30 (73) 72 (63)

WFNS 4-5 (%) 11 (40) 22 (17) 17 (42) 16 (14)

Median Hijdra score cisterns (SD) 26 (4) 25 (9) 24 (8) 24 (8)

Median Hijdra score ventricles (SD) 1 (3) 0 (3) 0 (2) 0 (2)

Timing start of study medication in hours 
after SAH (SD)

28 (18) 32 (24) 32 (20) 31 (24)

Mean Mg during treatment in mmol/L (SD) 1.48 (0.41) 1.46 (0.30) 1.63 (0.41) 1.40 (0.26) 

Latest Mg before DCI/before median day of 
DCI in mmol/L (SD)

1.44 (0.55) 1.54 (0.54) 1.82 (0.13) 1.40 (0.03) 
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Compared with the lowest quartile of the last magnesium before the (median day of) onset 
of DCI, the risk of DCI was equally lower for all higher quartiles, with adjusted ORs of 0.2 
(lower 95% confidence limit 0.0 to 0.1; upper limit 0.8 to 0.9). The adjusted ORs for the 
occurrence of poor outcome tended to be increased for the second (OR 1.8; 95% CI 0.5 to 
7.0) and fourth quartiles (OR 4.9; 95% CI 1.2 to 19.7), but not for the third quartile (OR 
1.0 (95% CI 0.2 to 4.5) (Table 13.2).

dISCuSSIon
This study shows that there is no linear relationship between serum magnesium levels and 
risk reduction for DCI in patients with hypermagnesaemia, achieved with magnesium 
sulphate therapy. Patients with serum magnesium concentrations above the 25th percentile 
at the last measurement before the (median day of) onset of DCI, had equally reduced risks 
for DCI compared with the lowest quartile. In contrast, no such relationship was observed 
for poor outcome; risks tended to be higher in patients with magnesium concentrations 
above the 75th percentile.

In animal models of stroke, evidence was found of a dose-response effect, with optimal 
serum magnesium concentrations being around 1.50 mmol/L.14,15 Most human studies 

Table 13.2 Odds ratios for the last magnesium concentration before DCI, and occurrence of DCI 
and poor outcome

No. events/ No. at risk Crude OR (95% CI) Adjusted* OR (95% CI)

DCI

1st quartile (≥ 1.10 ≤ 1.28 mmol/L) 13/41 reference reference

2nd quartile (> 1.28, ≤ 1.40 mmol/L 4/38 0.3 (0.1-0.9) 0.2 (0.1-0.8)

3rd quartile (> 1.40, ≤ 1.62 mmol/L) 4/38 0.3 (0.1-0.9) 0.2 (0.0-0.8)

4th quartile (> 1.62 mmol/L) 6/38 0.4 (0.1-1.2) 0.2 (0.1- 0.9)

Poor outcome

1st quartile (≥ 1.10 ≤ 1.28 mmol/L) 6/41 reference reference

2nd quartile (> 1.28, ≤ 1.40 mmol/L 8/38 1.6 (0.5-5.0) 1.8 (0.5-6.9)

3rd quartile (> 1.40, ≤ 1.62 mmol/L) 7/38 1.3 (0.4-4.3) 1.0 (0.2-4.5)

4th quartile (> 1.62 mmol/L) 20/38 6.5 (2.2-18.9) 4.9 (1.2-19.7)

* Adjusted for age, clinical condition at admission and amount of blood on the initial CT.
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tried to obtain this concentration as soon as possible after stroke onset with different 
magnesium dosing strategies.16 However, an important difference is that magnesium 
therapy in ischaemic stroke is started only after the stroke, while in SAH magnesium 
therapy can be initiated before the onset of DCI.

We do not have an adequate explanation for the discrepant findings for DCI and poor 
outcome. Side effects of magnesium sulphate therapy, such as flushing, headache and nausea, 
are usually mild and transient and occur mostly at serum magnesium concentrations above 
2 mmol/L. Severe side effects are described with concentrations higher than 3.5 mmol/L, 
and include respiratory paralysis and cardiac conduction alterations.17,18 In a dose evaluation 
study in 94 patients with SAH allocated to treatment with 64 mmol magnesium sulphate 
per day in the MASH-1 study, only 3% developed minor side effects and none developed 
severe side effects.8 Thus, these side effects do not explain the possible higher risk of poor 
outcome with higher magnesium concentrations. 

An increased rate of rebleeding with higher magnesium levels might have been a possible 
explanation, but this was not the case in our data set. In another study in the same study 
population we found a relationship between hypermagnesaemia and hypocalcaemia 
(unpublished data) Hypocalcaemia was associated with an increased risk of poor outcome. 
However, hypocalcaemia is an unlikely explanation for the discrepant findings for DCI 
and poor outcome in patients with high magnesium concentrations because in that other 
study hypocalcaemia was not only associated with an increased risk of poor outcome but 
also with an increased risk of DCI. The higher risk of poor outcome in patients in the 
highest quartile might also be a chance finding.

In eclampsia, serum magnesium concentrations between 1.8-3.0 have been advocated 
for prevention of eclamptic convulsions,18,19 which is substantially higher than the 
concentration we obtained with magnesium therapy of 64 mmol/day in SAH patients. 
However, the optimal magnesium dose and plasma concentration to prevent or treat 
eclampsia have never been assessed.19 One study that compared actual serum magnesium 
concentration with patient outcome did not find an association between treatment failure 
and magnesium concentration.20 A potentially important difference is that patients with 
eclampsia receive magnesium therapy only for a short period, while magnesium therapy 
in SAH can be maintained as long as 21 days.    

In this study, we assessed only CT-proven cerebral ischaemia and not vasospasm. Mild 
forms of ischaemia could have been missed using this approach, but it is unlikely that this 
underestimation was related to magnesium concentrations and thus affects risk estimates. 
Moreover, all data were collected prospectively, and assessment of DCI and clinical outcome 
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were performed by observers blinded for treatment allocation and serum magnesium 
concentrations. 

In conclusion, we found no linear relationship between serum magnesium concentrations 
and the occurrence of DCI. Magnesiun sulphate 64 mmol/day results in stable risk reduction 
of DCI in a broad range of achieved serum magnesium concentrations, and titration of 
the dosage therefore seems not necessary. 
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ABSTRACT
Background: In patients with aneurysmal subarachnoid haemorrhage (SAH), headache 
typically is severe and often requires treatment with opioids. Magnesium has analgesic 
effects in several conditions, but whether it reduces headache after SAH is unknown.

Methods: In a cohort of 108 SAH patients included in the randomised controlled 
trial Magnesium in Aneurysmal Subarachnoid Haemorrhage-II (MASH-II), severity 
of headache was regularly assessed on an eleven-point scale until day 10 after SAH. 
Headache was treated according to a standardised protocol with acetaminophen, 
codeine, tramadol, or piritramide. Serum magnesium levels were assessed every other 
day. Differences in mean headache scores between patients with mean high (>1.0 
mmol/L) and normal (≤ 1.0 mmol/L) magnesium levels were analysed with a Student’s 
t-test. Crude and adjusted odds ratios (OR) for the use of codeine, tramadol, and 
piritramide for patients with high versus normal magnesium levels were calculated 
with logistic regression.

Results: The 61 patients with high magnesium levels had lower mean headache scores 
(4.1) than the 47 patients with normal magnesium levels (4.9; mean difference, 0.8; 
95% CI, 0.1 to 1.6) and required less tramadol (adjusted OR, 0.3; 95% CI, 0.1 to 0.7) 
or piritramide (adjusted OR, 0.2; 95% CI, 0.1 to 0.5). There were no differences in the 
use of acetaminophen or codeine.

Conclusion: In SAH patients, elevated serum magnesium levels are associated with 
slightly less severe headache and less frequent use of opioids. These data imply that 
intravenous magnesium therapy, besides a supposed beneficial effect on outcome, 
also provides pain relief for SAH patients, for whom it might also improve functional 
outcome.
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BACkgRound 
A sudden and severe headache is the most characteristic symptom of subarachnoid 
haemorrhage (SAH) from a ruptured aneurysm. The headache usually lasts for one to 
two weeks, and often requires treatment with opioids.1 Opioids, however, have a wide 
range of potential side effects such as drowsiness, respiratory depression, constipation, 
and urinary retention, which may have a negative effect on patient comfort and functional  
outcome.

Magnesium is a non-competitive antagonist of voltage-dependent calcium channels and 
the NMDA receptor.2 Blocking of the NMDA receptor is thought to be involved in pain 
modulation, by preventing the induction of central pain sensitisation.3 Several studies 
have reported that magnesium reduces peri-operative pain or analgesic requirements in 
coronary artery bypass surgery,4 prostatectomy,5 thoracotomy,6 and gynaecological surgery.7 
The effect of magnesium on headache after SAH is unknown. Side effects of magnesium 
therapy are sparse and mild when used in moderate dosages.

There are indications that treatment with intravenous magnesium sulphate improves 
functional outcome after SAH.8 Headache relief would be an important additional effect of 
magnesium because this would reduce the need of opioids with their potentially harmful 
side effects.

We studied if hypermagnesaemia due to magnesium therapy reduces headache and 
analgesic requirements in patients with aneurysmal SAH. 

meThodS

Patients

We studied a cohort of patients from the Magnesium in Aneurysmal Subarachnoid 
Haemorrhage study (MASH-II), an international, randomised, placebo-controlled clinical 
trial testing the effect of intravenous magnesium sulphate on functional outcome after 
aneurysmal SAH.9 The study is approved by the local Ethics Committee. The main criteria 
for inclusion in MASH II are aneurysmal SAH, age older than 18 years, and informed 
consent within four days after SAH. Patients with renal failure, defined as a serum creatinine 
above 150 µmol/L, are excluded. Intravenous magnesium sulphate in a daily dose of 64 
mmol or matched placebo (normal saline) is started within four days and continued until 
20 days after SAH, or until discharge when this occurs before day 20. 
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Patients participating in MASH II were included in the present study if they had been 
admitted to the stroke unit of the University Medical Centre Utrecht between January 
2004 and August 2006 within two days of SAH onset, had a score on the Glasgow Coma 
Scale ≥ 13, were not aphasic, and when the severity of headache had been assessed for at 
least two days. Age, sex, and clinical condition at admission as assessed with the World 
Federation of Neurological Surgeons Scale (WFNS)10 were recorded prospectively. The 
amount of blood on the admission CT scan was assessed with the Hijdra score.11 Age and 
Hijdra scores were dichotomised at their median values. A good clinical condition on 
admission was defined as a WFNS score of 1-3.

All patients were treated according to a standardised protocol on the stroke unit that consisted 
of absolute bed rest until aneurysm treatment, oral nimodipine in a daily dose of 6 times 
60 mg, and intravenous administration of fluids aimed at maintaining normovolaemia. 
Headache was also treated according to a standardised protocol. All patients received 500 mg 
acetaminophen (paracetamol) every 4 h as initial treatment immediately after admission. If 
this was insufficient, headache was treated with additional analgesics in the following order 
and daily doses: codeine 4 times 10 to 20 mg, tramadol (a moderately strong synthetic opioid) 
4 times 50 to 100 mg, or piritramide (a strong synthetic opioid) 4 times 10 to 20 mg daily. 

Every 6 hours until day 10 after SAH, patients were asked to rate their headache on a 
scale from 0 to 10, with 0 representing no headache at all and 10 representing the worst 
headache one can imagine. Daily mean headache scores were calculated, as well as the use 
of analgesic drugs, from the day of the start of MASH II study medication until day 10 after 
the SAH. When patients were subsequently transferred to an intensive care unit (ICU) 
or died, or if there was an inability to assess headache due to a low consciousness before 
day 10, or if study medication was stopped prematurely, headache scores and analgesic 
use were no longer recorded. For each patient, a mean headache score of the available 
days was recorded. We also recorded for each patient the amount of days on the stroke 
unit and the total amount of days of codeine, tramadol, and piritramide use. Magnesium 
concentrations were measured every other day and recorded until day 10 or death when 
this occurred before day 10. For each patient, the mean serum magnesium concentration 
from the day of start of trial medication until day 10 was recorded. Patients were divided 
into two groups based on their mean serum magnesium levels: levels ≤ 1.0 mmol/L were 
considered normal and levels > 1.0 mmol/L high.12 Because the MASH II trial is still 
ongoing, this division was made based on serum magnesium concentrations and not on 
actual treatment allocation. Data were analysed anonymously, so that individual patients 
could not be recognised, and to ascertain that the MASH-II investigators remained blinded 
to treatment allocation and serum magnesium concentrations of the individual patients.  
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Analyses

Differences in mean headache scores between the high and normal magnesium groups 
were calculated with a Student’s t-test. Odds ratios (OR) were calculated with regard to 
codeine, tramadol, or piritramide use at any time, for the high magnesium group versus 
the normal magnesium group, by means of logistic regression. ORs were adjusted for age, 
sex, clinical condition on admission, and the amount of blood on the initial CT scan, if they 
changed the crude OR by more than 5% in bivariate analysis. In the regression analyses, 
all variables were introduced dichotomously. 

To study differences in the time that patients were using analgesics, we calculated for 
each medication the difference in proportions of the cumulative amount of days on the 
medication divided by the cumulative amount of days spent on the stroke unit, between 
patients with high and patients with normal magnesium levels.

ReSuLTS
During the study period, 422 patients with SAH were admitted to our hospital, of which 
210 were included in the MASH II trial. The headache scores of 102 patients were not 
available, mostly because patients were in too poor a clinical condition during (part of) 
the study period to provide headache scores. A flow chart of the included patients is 
shown in Figure 14.1. Baseline characteristics of the 108 included patients are shown 
in Table 14.1.

Table 14.1 Baseline characteristics of the included patients

Mean serum magnesium 

≤ 1.0 mmol/L > 1.0 mmol/L
N = 46 N = 61 

Median age (years, SD) 56  (14) 54 (14)

Women (%) 31 (66%) 39 (64%)

Good clinical condition at admission (WFNS score 1-3) (%) 43 (92%) 54 (89%)

Amount of blood less than median (Hijdra score < 23) (%) 28 (60%) 25 (42%)

Average days on stroke unit per patient (SD) 9.2 (1.5) 8.8 (1.9)

Mean serum magnesium (mmol/L, SD) 0.89 (0.1) 1.35 (0.3)

WFNS = World Federation of Neurological Surgeons Scale, SD = standard deviation.
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All patients used acetaminophen during the first 10 days after the SAH, 69% of patients 
used codeine at any time during the first 10 days, 59% of patients used tramadol, and 36% 
used piritramide.

There were 61 patients with high magnesium levels, and these patients had a statistically 
significant lower mean headache score (4.1 ± 1.8) than the 47 patients with normal 
magnesium levels (4.9 ± 2.2); mean difference, 0.8 (95% CI 0.1 to 1.6).  

The number of patients who used codeine at any time did not differ between the groups 
(adjusted OR 1.3; 95% CI, 0.5 to 3.3). Fewer patients in the high than in the normal 
magnesium group used tramadol at any time (adjusted OR 0.4; 95% CI 0.2 to 0.9) or 
piritramide (adjusted OR 0.2; 95% CI 0.1 to 0.5) (Table 14.2).

Figure 14.1 Flowchart of the included patients.
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For patients with high magnesium levels, the proportion of cumulative days on piritramide 
was lower, and the proportion of cumulative days on codeine higher. The proportion of 
amount of days on tramadol did not differ between the 2 groups (Table 14.3).

DISCUSSION
In this study, patients with SAH who had high serum magnesium levels less often required 
treatment with the synthetic opioids tramadol and piritramide than patients with normal 
serum magnesium levels. Despite the less frequent use of opioids, patients with high serum 
magnesium levels still reported less severe headache.

The observed higher proportion of days on codeine in patients with high serum magnesium 
levels is a consequence of the fact that these patients had a non-severe headache and stayed 
on codeine for a longer period instead of switching to tramadol. 

Table 14.2 ORs for the use of codeine, tramadol, and piritramide in patients with high serum 
magnesium levels as compared with patients with normal magnesium levels

Mean magnesium Crude OR  (95% CI) Adjusted OR (95% CI)

≤ 1.0 mmol/L N (%) > 1.0 mmol/L N (%)

Codeine 33 (70) 42 (69) 1.2 (0.5 to 2.9) 1.3 (0.5 to 3.3)*

Tramadol 35 (75) 29 (48) 0.4 (0.2 to 0.9) 0.4 (0.2 to 0.9)

Piritramide 25 (53) 14 (23) 0.3 (0.1 to 0.6) 0.2 (0.1 to 0.5)*

* Adjusted for amount of blood on initial CT scan.

Table 14.3 Differences in proportion of cumulative days on codeine, tramadol, or piritramide 
between patients with normal magnesium levels and patients with high magnesium levels

Mean serum magnesium Difference in proportion (95% CI)

≤ 1.0 mmol/L > 1.0 mmol/L

Proportion of days (%) on:

Codeine 37% 44% -7%    (-1 to -14%)

Tramadol 31% 32% -1%    (-7 to 5%)

Piritramide 21% 16% 5%     (0 to 10%)
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After SAH, activation of NMDA-receptors facilitates pain transmission in the central 
nervous system, which can lead to hyperalgesia.3 Usual analgetics are not effective and may 
even exaggerate hyperalgesia. This facilitation of the NMDA-receptor may be ameliorated 
by an NMDA-receptor antagonist such as magnesium. Furthermore, the anti-nociceptic 
effect of opioids may be potentiated by magnesium.

A limitation of the current study is that we could not assess the effect of magnesium therapy 
itself but only the association between serum magnesium levels and headache. There were 
slightly more patients in the high magnesium group than in the normal magnesium group. 
This may be due to a coincidental imbalance in randomisation in this relatively small group 
of patients. Other possible explanations are that patients in the normal magnesium group 
were more often excluded due to early transferral to an ICU, or that some patients in the 
placebo group had physiological serum magnesium levels just above 1.0 mmol/L. Except 
for the study medication, we did not supplement magnesium in any of our patients. 

Patient data were only analysed when patients were able to record their headache. 
Accordingly, intubated patients and patients with aphasia or with a sustained reduced 
consciousness were excluded. Thus, we included only a subset of patients that were included 
in the MASH-II study. Also, when an included patient was transferred to the ICU or died 
before day 10, only the data before the transferral or death were used. The results of the 
study thus only hold true for patients admitted early after onset of symptoms who are in 
a good clinical condition with no aphasia and who are not intubated. However, we have 
no reason to assume that the association between serum magnesium levels and headache 
differs between patients with a normal and those with a reduced consciousness or between 
those on a stroke unit and those on an ICU. Also, we used means of the headache scores 
of all available days per patient, whereas the number of headache scores available differed 
per patient. However, there were large differences in the time course of headache scores 
between the patients. Calculating a mean headache score for each day after the SAH 
separately would have reduced power, because headache scores were not known at all 
days for all patients.

Although several studies have reported that magnesium reduces peri-operative pain, 
previous studies on the effect of magnesium on headache have shown conflicting results. 
Two small controlled but non-randomised studies have suggested that intravenous 
magnesium sulphate reduces headache in patients with acute migraine attacks13 and in 
patients with headache of any type, including migraine, cluster headache, and chronic 
daily hedache.14 However, randomised controlled trials did not show any beneficial effect 
of intravenous magnesium on migraine15,16 or acute benign headache.17 In most of these 
studies, magnesium was administered as an intravenous bolus of 1-2 g.15-18 In our study, 
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patients received the substantially higher daily dose of 16 g (64 mmol) magnesium sulphate 
for a sustained period, which may be more effective than smaller single doses. We did not 
administer bolus injections, because a bolus injection led to more side effects in a previous 
study.19 Side effects in the dose we used are sparse and mild.20,21 Diarrhoea, a common side 
effect of oral magnesium salts that were used in randomised controlled trials of magnesium 
for migraine prophylaxis,22 does not occur with intravenous administration.

In conclusion, hypermagnesaemia is associated with less severe headache after aneurysmal 
SAH and decreases the use of analgesics with potentially harmful side effects. These 
observational data imply that intravenous magnesium therapy provides pain relief for 
patients with SAH, for whom it might also improve functional outcome. 
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ABSTRACT
Introduction: Magnesium is a neuroprotective agent and evidence suggests that it can 
improve outcome after aneurysmal subarachnoid haemorrhage (aSAH) by reducing 
consequences of delayed cerebral ischaemia. This phase 3 randomised controlled trial 
was designed to provide definite answer to the question whether magnesium therapy 
after SAH reduces the risk of poor outcome.

Methods: 1204 patients with aSAH were randomised to magnesium sulphate 64 mmol/
day or matching placebo via continuous intravenous infusion. A risk ratio (RR) with 
95% CI was calculated for poor outcome defined as a modified Rankin score of 4, 5 or 
death three months after the aSAH. Pre-specified subgroup analyses were performed 
and the meta-analysis on trials with magnesium after SAH was updated. (IRCTN 
number: 68742385, EudraCT: 2006-003523-36.)

Results: Three patients were lost to follow up and in 1 patient the randomisation code 
was lost. Of the 604 patients randomised to magnesium, 158 (26%) had poor outcome, 
and of the 596 patients randomised to placebo, 151 (25%) had poor outcome; RR 1.03 
(95% CI 0.85 to 1.25). Effect estimates were similar in subgroups. The updated meta-
analysis, including 7 trials and 2047 patients, showed an RR for poor outcome of 0.96 
(95% CI 0.86 to 1.08).

Conclusions: This large RCT shows that magnesium does not improve clinical outcome 
after aSAH. No subgroups that might benefit from magnesium were identified. After 
updating the meta-analysis on trials with magnesium after aSAH a neutral effect was 
found. We advise not to routinely administer magnesium sulphate intravenously after 
SAH to improve clinical outcome.
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InTRoduCTIon 
Aneurysmal subarachnoid haemorrhage (aSAH) is a subset of stroke with a poor prognosis. 
The case fatality has somewhat declined during the last 10 years, but still almost 40% 
of aSAH patients die and of the patients who survive the initial bleeding, 20% remains 
dependent for daily activities.1 

Delayed cerebral ischaemia occurs in up to 30% of patients and is an important cause of 
poor outcome.2,3 Reducing the consequences of ischaemia through neuroprotection may 
therefore improve outcome after aSAH. Because delayed cerebral ischaemia occurs mostly 
between 4 and 10 days after the initial bleeding, the interval between the bleeding and the 
onset of delayed cerebral ischaemia provides an opportunity for preventive treatment.2 

Magnesium is a neuroprotective agent with a well known clinical profile.4 It is beneficial 
in the treatment of eclampsia, a condition that has similarities with delayed cerebral 
ischaemia.5,6 Neuroprotective mechanisms of magnesium include inhibition of the exitotory 
amino acid glutamate release, and blockade of the NMDA-glutamate receptor and voltage 
dependent calcium channels.4,7 In a randomised phase II study in the Netherlands that 
included 283 patients, magnesium (on top of nimodipine as usual care) reduced the 
frequency occurrence of delayed cerebral ischaemia from 24% to 16% and the frequency 
of poor outcome from 35% to 27%.8 In a Cochrane review on calcium antagonists after 
aSAH the RR of magnesium in addition to nimodipine for poor outcome was 0.75 (95% 
CI 0.57 to 1.00) and for delayed cerebral ischaemia 0.66 (95% CI 0.45 to 0.96).9

To provide a definite answer to the question whether intravenous magnesium sulphate 
infusion is beneficial in SAH to reduce poor outcome, we designed a phase 3 randomised, 
placebo controlled international trial. 

meThodS

Study design

This phase 3 randomised controlled trial (RCT) was conducted at 6 Dutch centres, 1 Brittish 
and 1 Chilean centre, in compliance with the principles of the Declaration of Helsinki and 
according to Good Clinical Practice guidelines. The study was approved by the medical 
ethical committees of every centre. The study protocol has been published previously.10 The 
study was registered with IRCTN number 68742385 and EudraCT number 2006-003523-36.  
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Study population

Patients were eligible for inclusion if they were admitted within 4 days after aSAH to 
one of the participating hospitals. The diagnosis of aSAH was based on the presence of 
extravasated blood in the basal cisterns on CT, or, if CT was negative, by xanthochromia 
of the cerebrospinal fluid. In case of a negative CT scan and xanthochromia of the 
cerebrospinal fluid, demonstration of an aneurysm was a prerequisite for inclusion. Patients 
with a perimesencephalic pattern of haemorrhage on CT were not included, unless an 
aneurysm of the posterior circulation was found. Exclusion criteria of the study were: age 
below 18 years, renal failure, body weight below 50 kg, inability to gain informed consent.

Randomisation and masking

Study medication consisting of vials containing 64 mmol magnesium sulphate or matching 
placebo was produced and randomised by the pharmacy of the University Medical 
Centre Utrecht and distributed over the participating centres, except for the Santiago 
de Chili centre, which produced its own study medication, but were provided with the 
randomisation code by the UMC Utrecht pharmacy. As soon as informed consent was 
signed, randomisation occurred by sequentially numbered identical boxes of study 
medication, containing either magnesium sulphate or placebo (saline). The study patient 
was given the box with the lowest available study number. The randomisation key was 
kept by the pharmacy of the UMC Utrecht. With this strategy patients, treating physicians 
and investigators were masked for the randomisation code.

Procedures

A daily dose of 64 mmol magnesium sulphate, corresponding with 16 grams, or placebo 
was started as soon as possible after informed consent. Study medication was administered 
continuously via intravenous infusion and continued for 20 days after SAH onset or 
until discharge when this was planned before day 20. In a dose-finding study we found 
that magnesium treatment after aSAH is safe and serum magnesium levels within 1.0-
2.0 mmol/L are easily maintained with an intravenously dosing regime of 64 mmol 
magnesium sulphate per day.11 To prevent symptomatic hypermagnesaemia, renal function 
was checked at least every other day as part of standard patient care. With normal renal 
function, symptomatic hypermagnesaemia does not occur with a dosage of 64 mol/day.12 
Monitoring of renal function was mandatory at least every other day, but monitoring of 
magnesium levels was not. Suppleting hypomagnesaemia at admission to normal levels 
by the treating physicians was discouraged but allowed. Patients were treated according to 



167

15

the local aSAH protocol, including nimodipine 360 mg/day orally, bed rest until aneurysm 
occlusion, early aneurysm treatment, and aiming at normovolaemia. 

Endpoints

Primary outcome measure was poor outcome (dependence or death) three months after 
the subarachnoid haemorrhage with dependence defined as a modified Rankin 4 or 5, or 
death. The Rankin grade was assessed during a semi-structured telephone interview.13,14 We 
have shown that a telephone interview is a reliable way of conducting the modified Rankin 
score in aSAH patients.15 Secondary outcome measures were no symptoms at all three 
months after the subarachnoid haemorrhage (Rankin 0) and the complete Rankin score.

Statistical analysis

According to the results of our pilot study, 35% of patients in the untreated group had 
a poor outcome compared with 27% in the intervention group (risk ratio 0.77). Based 
on these assumptions 1082 patients were needed (with α = 5% and a power of 80%). To 
allow for the reliable detection of a slightly smaller effect (risk ratio 0.78) we decided to 
enrol 1200 patients. The data monitoring committee performed interim analyses twice 
during the study, after 350 and 750 patients were included. A pre-defined stopping-rule 
was used as basis for the recommendations of the DMC. After both interim analyses the 
DMC advised to continue the trial.

Patients were analysed according to the ‘intention to treat’ principle. The occurrence of 
the primary outcome (poor outcome after 3 months) in the two treatment groups was 
compared by calculation of a risk ratio (RR) with a corresponding 95% confidence interval. 
Sensitivity analyses were planned after assigning the patients lost to follow-up once with 
a good outcome and once with a poor outcome, irrespective of treatment group, and after 
assigning the patient with unknown randomisation code to the magnesium and the placebo 
group respectively. Planned subgroup analyses were performed according to age, sex, 
clinical condition at admission, method of aneurysm treatment and the local practice of 
clinical sites to supplement hypomagnesaemia. Differences in Rankin score were analysed 
by means of the non-parametric Mann-Whitney U-test. Finally, we planned to update our 
previous meta-analyses on magnesium sulphate in subarachnoid haemorrhage.9
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Role of funding source and sponsor

The UMC Utrecht was the sponsor of the study and responsible for the protocol and 
conduct. This study was funded by the Netherlands Heart Foundation (grant number: 
2005BO16), which had no involvement in the design of the study, site selection, data 
collection, analysis, or writing of the report. The research nurse and study coordinator 
collected all data. Data were entered in the database by the appointed research nurse. Data 
were analysed by the study coordinator and discussed within the executive committee. 
The executive committee prepared a first version of the paper, members of the steering 
committee commented and approved the paper before submitting.

ReSuLTS
Between April 2004 and September 2011, 1204 patients were included, 606 in the 
magnesium group and 597 in the placebo group. For 1 patient the randomisation code 
was lost, because packaging of the study medication containing the study number was 
lost (Figure 15.1). Table 15.1 shows the baseline characteristics of the patients, and their 
follow up. There were no important differences with respect to age, sex, clinical condition 
at admission, or methods of aneurysm treatment between the 2 groups. Patients allocated 

Figure 15.1 Flowchart of the included patients.
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to placebo received study treatment after a median time of 41 hours after aSAH compared 
with a median time of 33 hours after the SAH in the magnesium group. Outcome was 
available of all but 3 patients: one was a homeless person with no address or phone number 
available, the second a patient who lived in a foreign country and had been included in 
the study while being on a holiday in the Netherlands, and the third could not be reached 
despite ample efforts. Figure 15.1 shows a flowchart of the included patients.

Magnesium had no effect on outcome three months after SAH: 158 (25.8%) of the 604 
patients randomised to magnesium and 151 (25.3%) of the 596 patients randomised to 
placebo had a poor outcome; RR 1.03 (95% CI 0.85 to 1.25). Within the magnesium group, 
46 (7.6%) had an excellent outcome compared with 46 (7.7%) of the 596 patients in the 
placebo group; RR for excellent outcome 0.99 (95% CI 0.67 to 1.46). Figure 15.2 shows the 
distribution of mRankin grades between the magnesium and the placebo group, which 
showed no statistically significant differences (p value Mann Whitney U-test 0.95)

Subgroup analyses for poor outcome showed similar effect estimates for women and men, 
old and young patients, good or poor to clinical condition at admission, mode of aneurysm 
treatment, and between centres that did and that did not supply magnesium in case of 
hypomagnesaemia (Figure 15.3).

Adverse events

According to the protocol, only unexpected serious adverse events were reported. Study 
treatment was stopped in 1 patient due to asymptomatic hypocalcaemia, in 2 patients 
due to asymptomatic hypermagnesaemia, and in 1 patient due to assumed symptomatic 
hypermagnesaemia, all in the magnesium group. In this last patient, renal insufficiency 

Table 15.1 Baseline and follow up characteristics of the included patients

Magnesium (N = 606) Placebo (N = 597)

Age (mean, SD) 57   (13) 57  (12)

Female 422 (70%) 416 (70%)

WFNS > 4 144 (24%) 130 (22%)

Aneurysm treatment
Coiling 344 (57%) 324 (54%)
Clipping 197 (33%) 195 (33%)
None 65   (11%) 76  (13%)

Time to study medication, in hours  (median, 
interquartile range)

33   (23, 59) 41  (21, 60)

* World Federation of Neurological Surgeons.
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Figure 15.3 Distribution of the modified Rankin grades over the magnesium and placebo group. 
Mann Whitney U- test: p value 0.95.

Figure 15.2 Distribution of the modified Rankin grades over the magnesium and placebo group. 
Mann Whitney U- test: p value 0.95.
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had occurred, and study treatment was not ended in violation with the MASH-II study 
protocol, that stated that study treatment should be stopped immediately in case of renal 
insufficiency with serum creatinine higher than 150 µmol/L. 

Meta-analysis

Figure 15.4 shows the meta-analysis of magnesium studies in SAH until and including 
MASH-II. The analysis is now based on 2047 patients, of whom 691 had poor outcome. 
The RR for poor outcome was 0.91 (95% CI 0.79 to 1.05) before MASH-II, and 0.96 (95% 
CI 0.86 to 1.08) after including the results of MASH-II.

dISCuSSIon
The MASH-II study shows that magnesium has no effect on poor outcome after aneurysmal 
subarachnoid haemorrhage. After updating our previous meta-analysis with these results, 
the overall risk ratio for poor outcome was neutral. Subanalyses did not show a subgroup 
of patients that might benefit from magnesium treatment, what adds to the generalibility 
of our results. A substantial amount of poor grade patients were included which adds to 
the external validity of our results. 

Figure 15.4 Results of the meta-analysis: Effect of magnesium therapy after subarachnoid 
haemorrhage on poor outcome.
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The reason why magnesium therapy did not show an effect in our trial, contrary to animal 
models and earlier trials is difficult to answer. Case fatality has declined in the past decades, 
which may be attributed to better treatment options including routine use of coiling and 
stroke care units, but still at least 20% of patients develop delayed cerebral ischaemia.1 
Initial ischaemia at the time of ictus might not be prevented by magnesium treatment 
because treatment is started after the event. Several other complications of SAH influence 
outcome, like hydrocephalus, rebleeding, electrolyte disturbances, cardiac and pulmonal 
problems, hyperglycaemia, that are not influenced by magnesium treatment.16 Another 
explanation might be the problem of the blood-brain barrier. Previous research showed 
that a doubling of serum magnesium leads only to a 11-21% increase in cerebrospinal fluid 
magnesium.17 This might not be enough for neuroprotective properties, however, higher 
serum magnesium levels lead to systemic complications. One study therefore administered 
magnesium via intra-cisternal infusion in 10 patients and showed a vasodilatatory effect 
on the spastic cerebral arteries in 9 patients.18 Because of the small number of patients 
an effect on clinical outcome could not be assessed, but one patient died of meningitis. 
While intracisternal magnesium therapy did lead to significantly higher CSF magnesium 
concentrations, this procedure requires invasive techniques with cisternal and lumbar 
drains with higher complication risks. After surgical clipping intracisternal infusion 
could be more easily maintained, whereas endovascular coiling is nowadays the preferred 
treatment option in eligible patients. Also, a vasodilatory effect on cerebral arteries does 
not automatically lead to less DCI and better outcome, as vasoconstriction is not the only 
cause of DCI.19 

Previous randomised trials suggested a beneficial effect of magnesium, that was not 
reproduced in our study.8,20-22 These studies were much smaller, and not adequately powered, 
so these results may have been chance findings and publication bias might also play a role. 
The latest RCT on magnesium in SAH was also neutral, but did not have enough power 
to definitely rule out an effect.23 Magnesium has been studied in patients with ischaemic 
stroke and cerebral haemorrhage as well in the appropriately powered IMAGES trial 
including almost 2600 patients, but without a positive effect on outcome.24 In ischaemic 
stroke, magnesium is administered after the ischaemic ictus, and an important criticism 
of the IMAGES trial is that median time from event tot treatment was 7 hours, with only 
3% of patients treated within 3 hours. This might be too late for neuroprotective properties 
after ischaemic damage. A small pilot trial showed safe and feasible field administration of 
magnesium by paramedic personnel in stroke patients within 100 minutes after the stroke, 
and a phase 3 trial is currently being undertaken.25 In subarachnoid haemorrhage delayed 
cerebral ischaemia presents only after a few days, providing a potential therapeutic time 
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window absent in ischaemic stroke. However, also in SAH there is initial global ischaemia 
of the brain at the time of the ictus, that might have more impact on outcome than a modest 
reduction of DCI by magnesium treatment.26

Our studies shows convincingly that magnesium treatment is not beneficial after SAH. 
As this is the largest medication trial until now in SAH with sufficient power to rule out 
an effect, we think this conclusion is final. As this was a pragmatic academically, charity-
funded and therefore low-budget trial, we did not collect extensive baseline data nor did 
we include secondary outcome measures like occurrence of DCI, quality of life or other 
outcome scales. The effect of magnesium on DCI was studied in MASH-I and we choose 
not to include surrogate outcomes in this trial. A drawback of our study is that we have no 
exact information about the compliance to the study medication. Magnesium levels were 
not routinely checked, as a dose finding showed adequate magnesium levels in almost 
all patients with a regime of 64 mmol/day, and no symptomatic hypermagnesaemia with 
intact renal function.11,12 In the IMAGES trial, magnesium slightly lowered blood pressure 
compared with the placebo group, and lower blood pressure might worsen delayed cerebral 
iachaemia and thereby poor outcome. We did not record blood pressure, and this should 
be a topic for further analysis.24 

Also, small changes in e.g. cognitive performance are not registered with the mRankin 
scale, while cognitive complaints are common after SAH.27 However, as our theory was 
that magnesium therapy diminishes DCI, we think this should have been reflected in the 
mRankin scale at 3 months. We feel that to routinely implement magnesium therapy in 
clinical practice, a robust improve in clinical outcome should be shown. We studied clinical 
outcome 3 months after the SAH, a usual time period for outcome assessment in stroke 
studies. A beneficial effect might not be ruled out in a later stage, however, we consider 
this unlikely because magnesium is used as neuroprotecor during the acute stage when 
DCI is likely to occur.

In conclusion, MASH-II and the updated meta-analysis show that intravenous magnesium 
sulphate therapy in a dose of 64 mol/day does not improve clinical outcome after 
subarachnoid haemorrhage. Subgroup analyses did not show a subgroup that might benefit 
from magnesium therapy. We advise not to routinely administer magnesium sulphate 
intravenously after SAH to improve clinical outcome.  
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In this thesis risk factors for and treatment aspects of different complications after 
subarachnoid haemorrhage are discussed, together with some methodological issues of 
commonly used SAH rating scales. 

The aim of our SAH research is to improve outcome after SAH, as patients with SAH still 
have a poor prognosis: almost 40% of all patients die and of the surviving patients, and about 
20% remain dependent for daily activities.1,2 Because SAH occurs on a relatively young age 
compared with other stroke subtypes, it leads to a considerable loss of productive life years.3

The haemorrhage itself often leads to acute perfusion deficit, leading to diffuse cerebral 
ischaemia and resulting in loss of consciousness.4,5 This acute ischaemia is an important 
predictor for poor outcome, but difficult to treat because patients present after the ictus.6,7 

Therefore, we studied neurological and systemic complications during the clinical course 
after SAH, as these add substantially to poor outcome after SAH and are potentially 
preventable or treatable. Especially delayed cerebral ischaemia (DCI) is a common but 
poorly understood cause of poor outcome after SAH. 

The first part of this thesis addresses some complications and risk factors for complications 
and their relationship with poor outcome. In the second part methodological issues of 
SAH grading scales are investigated. The last part focuses on therapy aspects after SAH.

Complications after subarachnoid haemorrhage
This part adresses several common complications after SAH. We have shown that 
intraventricular blood is a risk factor for occurrence of fever. It is known that stroke, 
including subarachnoid haemorrhage, can lead to fever in absence of an infection.8,9 

In our study, fever was related to an infection in most patients, including patients with 
intraventricular blood on CT scan, what warrants a thorough examination for an infection 
regardless of intraventricular blood on the CT scan. 

Chapter 4 shows that acute hydrocephalus is not a risk factor for DCI. We did not take 
therapeutic interventions into account, but in our hospital hydrocephalus is only treated 
when it leads to a severely decreased level of consciousness. This implies that is not useful 
to treat mild forms of hydrocephalus in order to prevent the occurrence of DCI.    

Glucose levels are associated with a poor clinical condition at admission and the amount 
of blood on the initial CT scan. In this respect, hyperglycaemia seems to reflect the 
severity of the event. Hyperglycaemia itself can be toxic for the ischaemic brain, and it 
can be part of an acute metabolic response, including insulin resistance, as is common 
in the critically-ill.10,11 Our finding that patients in poor clinical condition more often 
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had hyperglycaemia and poor outcome than patients with a good clinical condition on 
admission, supports the theory of an acute metabolic response. This does not automatically 
imply that hyperglycaemia does not need to be treated, as hyperglycaemia could be a 
contributing factor in the pathway from poor clinical condition to poor outcome. However, 
so far a beneficial effect of strict glucose control with insulin therapy could not be proven 
in either subarachnoid haemorrhage or stroke in general.12,13 An explanation could be 
that intensive glucose control leads to episodes of hypoglycaemia, while the brain relies 
primarily on glucose metabolism for energy. Also, brain interstitial glucose and systemic 
glucose might response differently to insulin treatment, leading to hypoglycaemia in the 
brain with still normal glucose concentrations in serum.14 Based on the current evidence, 
tight glucose control is not recommended in SAH, but severe hyperglycaemia should 
probably be corrected using liberal targets, avoiding hypoglycaemia. What is the optimal 
glucose management in SAH should be a topic of future research.

Hyponatraemia is a common electrolyte disturbance after SAH, and it is associated with 
poor outcome.15,16 Hypovolaemia is also common after SAH and is associated with the 
occurrence of DCI and subsequent poor outcome.17 While the syndrome of inappropriate 
ADH (SIADH) is a well known cause of hyponatraemia in general, in the last decades 
cerebral salt wasting has been given a lot of attention as a cause of hyponatraemia in SAH.18 
Some authors believe that cerebral salt wasting is the primary cause of hyponatraemia after 
SAH, but the exact cause is not known.18,19 Brain Natriuretic Peptide (BNP) has been studied 
as the initiating factor of hyponatraemia after SAH, with conflicting results. Common 
clinical practice in SAH patients is to aim at normovolaemia and some centres even try to 
achieve hypervolaemia. Interestingly, BNP is elevated in almost all SAH patients.19-21 We 
know from clinical experience that it is often difficult to obtain normovolaemia in SAH 
patients, and these patients are sometimes given large amounts of intravenous fluids.17,22 

As cerebral salt wasting results in hypovolaemic hyponatraemia, in contrast with SIADH 
that results in eu- or hypervolaemic hyponatraemia, we hypothesised that elevated BNP 
concentrations could be the cause of hypovolaemia and hyponatraemia after SAH. Also, 
because hypovolaemia is a risk factor for DCI, high BNP levels could be as well. We 
found indeed that BNP was associated with severe hypovolaemia, but not so clearly with 
hyponatraemia. In our study population, we found no relation between high BNP levels 
and occurrence of DCI (results not shown). There were only 2 hypovolaemic patients 
out of 12 patients with hyponatraemia. This is an interesting finding, because it does not 
support the idea that cerebral salt wasting is the primary cause of hyponatraemia after 
SAH. SIADH is probably the most common cause of hyponatraemia after SAH, but this 
should be a topic of future research. Importantly, SIADH after SAH should not be treated 



General discussionChapter 16

180

by fluid restriction, as fluid restriction is potentially harmful in SAH patients, because it 
increases the risk of DCI and therefore poor outcome.23,24    

Lessons learned

•	 Intraventricular blood is a risk factor for occurrence of fever.

•	 Acute hydrocephalus is not a risk factor for the development of DCI.

•	 SAH patients with poor clinical condition at admission and more blood on initial CT 
scan have higher blood glucose levels on admission and during clinical course than 
patients in good clinical condition and less blood on CT.

•	 Patients with high glucose levels on admission and during clinical course have a higher 
chance of poor outcome than patients with lower blood glucose levels.

•	 BNP levels are associated with hypovolaemia.

Implications for clinical practice

•	 In SAH patients with fever a thorough search for infection is warranted, also in patients 
with intraventricular blood.

•	 Treatment of mild forms of hydrocephalus is not useful to prevent DCI. 

•	 Severe hyperglycaemia after SAH probably needs treatment, but there is no evidence 
that strict glucose control is beneficial after SAH. 

•	 BNP measurements are not useful to distinguish between cerebral salt wasting and 
SIADH after SAH.

•	 SIADH is probably the most common cause of hyponatraemia after SAH. 

Implications for future research

•	 Is glycaemic control beneficial in patients with aneurysmal subarachnoid haemorrhage?

•	 What is the pathogenesis of hyponatraemia after SAH and (how) should we treat it?

•	 Why is BNP elevated after SAH and what are the consequences?
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Grading scales in subarachnoid haemorrhage
This part focuses on methodological issues of commonly used SAH grading scales. 
Several scales are used to rate the severity of the SAH at hospital admittance. The two 
most commonly used scales are the Hunt & Hess scale, primarily used in the USA, and 
the World Federation of Neurological Surgeons scale (WFNS), primarily used in Europe. 
In Chapter 6 and 7, we have shown that both the WFNS and the Prognosis on Admission 
of Aneurysmal Subarachnoid Haemorrhage scale (PAASH) have a good prognostic value 
and interobserver agreement. Also, we have shown that the PAASH shows a more gradual 
increase of risk for poor outcome in ascending categories than the WFNS. In our opinion 
it is preferable if only one scale were used to assess clinical condition on admission in 
SAH patients, to gain uniformity in clinical research. We think the PAASH score is the 
best candidate, because: 1) very easy to apply as it is solely based on the Glasgow Coma 
Scale, 2) Categories are based on analyses with clinical outcome data, resulting in a more 
gradual increase of poor outcome in subsequent categories. The WFNS scale was only 
based on expert consensus, not on formal analysis, resulting in modest increasing risk of 
poor outcome for categories 1-4 and a major increasing risk for category 5, 3) the PAASH 
scale has a better interobserver agreement than the Hunt & Hess scale. 

The modified Rankin score (mRankin) is a commonly used scale to measure clinical 
outcome after SAH, and recent studies have shown that the use of a structured interview 
improves the interrater agreement.25,26 In several clinical studies, including the MASH-II 
study described in chapter 15, the mRankin score is assessed by a telephone interview. 
In chapter 8 we have shown that a semi-structured telephone interview is reliable, with a 
good intermodality agreement when compared with face-to-face assessment. Telephone 
assessment with a structured interview can be safely used in clinical research.   

Lessons learned

•	 For prediction of poor outcome, PAASH gives a better gradual increase for the risk 
of poor outcome in ascending categories than the WFNS.

•	 PAASH and WFNS scales have a better interrater variability than he Hunt & Hess scale.

•	 Telephone assessment with a structured interview is a reliable way to assess the 
modified Rankin scale in SAH patients.

Implications for future research

•	 Implementing the use of one scale to rate the severity of SAH at admission world-wide.
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Therapy after subarachnoid haemorrhage
Therapy after SAH remains a challenge, due to the many complications that may occur 
after the initial haemorrhage. First, rebleeding is a major complication that considerably 
decreases the chance of a good outcome.27-29 Since rebleeding often occurs early in the 
clinical course, we nowadays attempt to treat the ruptured aneurysm as soon as possible. 
However, controversy remains about the optimal timing for aneurysm treatment, especially 
in patients with a poor clinical condition or patients who present to the hospital with a 
delay of some days after the haemorrhage. Neurosurgeons are often reluctant to treat these 
patients between days 4-10, as it is believed to trigger the occurrence of DCI. In Chapter 12 
we have shown that patients who were treated after the 10th day after the haemorrhage had 
the worst clinical outcome, but this is biased by several patient characteristics. Importantly, 
neurosurgical treatment between days 4-10 did not lead to more DCI, in contrast with the 
commonly used practice not to treat in this time period. It could well be, that some patients 
are better off when their aneurysm is treated within this period instead of waiting until day 
10. Which patients would benefit from such a treatment should be a topic of future research. 
Also, it is an interesting question whether ultra-early treatment (for example within 12 or 
24 hours) would improve outcome in selected patients. To make these decisions, it would 
be appropriate to know which patients have the highest risk of rebleeding, as conflicting 
risk factors for rebleeding have been described in literature.28,30-32 Another interesting 
question is whether treatment with antifibrinolytics is useful in these patients. A Cochrane 
review from 2000 showed no effect of antifibrinolytic treatment, because the effect of less 
rebleeding was offset by more DCI.33 However, nowadays this could be different because 
aneurysm repair is performed earlier, and short lasting antifibrinolytic therapy might 
prevent early rebleeding without the increased chance of DCI.34,35

Another challenging complication after SAH is delayed cerebral ischaemia. To begin with, it 
is difficult to define DCI and through the years different definitions have been used. Different 
definitions of DCI makes it difficult to compare clinical research. Cerebral vasospasm is often 
used in the definition of DCI, or used as a surrogate outcome in research, but we think this 
is not correct. Vasospasm, as seen on radiological examination such as transcranial doppler, 
CT-angiography, or conventional angiography is often seen in SAH patients but does not 
always lead to DCI.36,37 Also, DCI can occur in the absence of vasospasm.37,38 Radiological 
vasospasm should be seen as a (strong) risk factor for DCI but not as an equivalent. In 2009, 
a Japanese SAH study group proposed a consensus definition of “symptomatic vasospasm” 
that included confirmation of vasospasm with medical examinations, in combination with 
neurological worsening without other identifiable causes.39 In 2011, another study group 
stated that “vasospasm” should not be used in the definition of DCI.40 This conclusion was 
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made on a study in 2009, that showed that DCI was only independently related to poor 
outcome when cerebral infarction as seen on neuroimaging was included in the definition, 
and that radiographic definitions of vasospasm, either with angiography or TCD, were 
not related to poor outcome.37 For that reason they proposed 2 different definitions for 
“clinical deterioration due to DCI” and “Cerebral infarction due to DCI”, and did not 
include radiological vasospasm.40 In our studies with DCI, we used a clinical definition of 
DCI, without the need of radiographic vasospasm or radiographic infarction. This is not 
in line with the proposal of the multidisciplinary research group in 2011, who proposed to 
use cerebral infraction as primary outcome measure and clinical deterioration as secondary 
outcome measure.41 A problem of a clinical definition of DCI is that it is a diagnosis per 
exclusionem, and that interobserver agreement is not known, but such agreement will 
probably not be good due to the lack of a golden standard. However, it was recently shown 
that there is also considerable interobserver variability in defining CT hypodensities due 
to angiographic vasospasm, and although unknown, one could argue this will also be the 
case for defining CT hypodensities due to DCI.  

This thesis discusses medication to prevent DCI or reduce harm of DCI after the 
haemorrhage, with the aim to improve clinical outcome. The updated Cochrane review 
shows again that nimodipine is the only proven beneficial therapy for DCI after SAH. 
Antiplatelet therapy did show an effect on reduction of DCI and showed a trend towards 
better clinical outcome, with no substantial increase in intracranial haemorrhagic 
complications. However, most studies were old and performed in the pre-coiling era, so 
results cannot be extrapolated to current practice. The most recent trial did not show any 
effect on DCI, and posthoc analyses of this study and another study did not show any 
differences in the effects of aspirin used in coiled patients instead of clipped patients.42,43 

Magnesium seemed to be a promising agent to reduce consequences of DCI by its neu-
roprotective effects. Animal research and preliminary human research were encouraging 
to organise a large phase 3 clinical trial. The Cochrane review of 2007 showed a positive 
effect on outcome that was almost statistically significant.44 However, in 2010 a Chinese 
randomised clinical trial showed a neutral effect of magnesium therapy, but was in-
adequately powered.45 We have now shown, that magnesium sulphate administered via 
continuous intravenous infusion is not beneficial to reduce poor outcome after SAH in 
an adequately powered RCT. Magnesium is not the first drug that seemed very promising 
in animal research and phase 2 clinical trials, but in the end did not prove beneficial in 
SAH patients. Several drugs have been studied in SAH patients to reduce consequences of 
DCI, like tirilazad, endothelian-1 antagonists, antiplatelet medication, fasudil, steroids and 
statins.46-49 So far none of these drugs have convincingly shown a beneficial effect on poor 
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outcome. It is difficult to say which future therapy to prevent DCI is the most promising. 
As the process of DCI is complicated, but probably includes inflammatory, vaso-active and 
metabolic pathways, cortical spreading depression and micro-thrombosis, there are several 
potentials targets. Future research should be directed to unravel the pathophysiology of 
delayed cerebral ischaemia to allow for potential (new) treatment strategies.      

Lessons learned

•	 Antiplatelet therapy in SAH cannot be recommended to improve outcome based on 
current literature.

•	 Nimodipine improves outcome after SAH and should be routinely administered orally 
in SAH patients.

•	 DCI occurs slightly more often after clipping than after coiling.

•	 Clipping during the 5th-10th day after SAH does not necessarily lead to a higher risk 
of DCI.

•	 Magnesium therapy does not improve outcome after SAH.

Implications for clinical practice

•	 Nimodipine is the only proven therapy to prevent DCI after SAH and should be 
routinely administerd 360 mg/day orally.

•	 Antiplatelets and magnesium sulphate should not be routinely administered in SAH 
to improve clinical outcome.

•	 Aneurysm treatment should be performed as early as possible after SAH.

•	 In eligible patients, a high risk for DCI between days 5-10 is not a good argument to 
delay surgical treatment of the aneurysm.

Implications for future research

•	 When is the optimal timing for aneurysm treatment in patients with poor clinical 
condition or patients who present after day 4 to the hospital?

•	 Is short-lasting antifibrinolytic therapy useful to prevent rebleeding and improve 
outcome?  

•	 What is the exact pathophysiology of DCI, are there new treatment strategies? 
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Introductie
Een aneurysmatische subarachnoïdale bloeding is een bloeding tussen de hersenvliezen 
die wordt veroorzaakt door een gebarsten aneurysma (een uitstulping van een bloedvat). 
Bijna 40% van de patiënten overlijdt aan een subarachnoïdale bloeding. Naast de impact 
van de bloeding kan daarna een veelvoud aan complicaties ontstaan die bijdragen aan de 
slechte uitkomst. Dit kunnen zowel neurologische complicaties als complicaties in andere 
systemen in het lichaam zijn. De drie belangrijkste neurologische complicaties zijn een 
nieuwe bloeding uit het aneurysma, secundaire ischemie (zuurstofgebrek in de hersenen) 
en een hydrocephalus (waterhoofd).

Deel 1 van dit proefschrift beschrijft de onderlinge samenhang en de relatie met klinische 
uitkomst van verschillende complicaties na een subarachnoïdale bloeding. In deel 2 hebben 
wij schalen bekeken die gebruikt worden om de klinische toestand bij binnenkomst en de 
klinische uitkomst van de patiënten te scoren. Deel 3 beschrijft verschillende therapeutische 
aspecten na een subarachnoïdale bloeding. 

Deel 1: Complicaties na een subarachnoïdale bloeding
Hoge suikerwaarden in het bloed is een maat voor een slechte uitkomst bij patiënten met 
een beroerte. In hoofdstuk 2 hebben we gekeken naar de relatie tussen hoge suikers en 
de conditie van 337 patiënten met een subarachnoïdale bloeding bij binnenkomst in het 
ziekenhuis en de klinische uitkomst. De gemiddelde suikerwaarde bij binnenkomst in 
het ziekenhuis en gedurende de eerste 10 dagen was hoger bij patiënten met een slechte 
uitkomst, maar niet onafhankelijk van de klinische conditie bij binnenkomst. Mogelijk 
zijn hoge suikers een link in de associatie tussen slechte klinische conditie bij binnenkomst 
en slechte uitkomst.

Koorts komt vaak voor na een subarachnoïdale bloeding. Deze is niet altijd geassocieerd met 
een infectie maar is wel geassocieerd met een slechte uitkomst. Omdat een hydrocephalus 
en de hoeveelheid bloed op de CT-scan de regulering van de lichaamstemperatuur kunnen 
beïnvloeden, hebben we in hoofdstuk 3 gekeken of deze factoren het risico op koorts 
(met of zonder infectie) verhogen in 194 patiënten met een subarachnoïdale bloeding. 
Van de patiënten ontwikkelde 34% koorts met een infectie en slechts 9% koorts zonder 
een infectie. Er was alleen een relatie tussen de hoeveelheid bloed in de hersenkamers en 
het ontstaan van koorts, al dan niet met een infectie (gecorrigeerde hazard ratio 2,2, 95% 
betrouwbaarheidinterval (BI) 1,3 tot 4,4). Bloed in de hersenkamers was een onafhankelijke 
risicofactor voor het ontstaan van koorts.
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Verminderde bloeddoorstroming in de hersenen is een risicofactor voor het ontstaan van 
secundaire ischemie. Omdat een hydrocephalus de bloeddoorstroming in de hersenen 
negatief kan beïnvloeden, hebben we in hoofdstuk 4 gekeken of de ernst van de hydrocephalus 
een risicofactor is voor het ontstaan van secundaire ischemie in 321 patiënten met een 
subarachnoïdale bloeding. Wij vonden geen relatie tussen de ernst van de hydrocephalus 
en het ontstaan van secundaire ischemie. Het hebben van een hydrocephalus na een 
subarachnoïdale bloeding is geen risicofactor voor het ontstaan van secundaire ischemie.

Een laag zoutgehalte en laag bloedvolume komen vaak voor na een subarachnoïdale 
bloeding en zijn geassocieerd met een slechte uitkomst. De oorzaak is niet goed duidelijk. 
In hoofdstuk 5 hebben we onderzocht of Brain Natriuretic Peptide (BNP) gerelateerd is 
aan het ontstaan van een laag zoutgehalte en een laag bloedvolume en of het een type van 
een laag zoutgehalte dat samen gaat met een laag bloedvolume kan onderscheiden van 
een type van laag zoutgehalte dat samen gaat met een normaal of hoog bloedvolume in 
58 patiënten met een subarachnoïdale bloeding. Het bleek dat patiënten met hoge BNP-
waardes vaker ernstig lage bloedvolumes hadden (gecorrigeerde odds ratio (OR) 4,2, 95% 
BI 1,2 tot 15,0) en misschien vaker een laag zoutgehalte (statistisch niet significant). BNP 
kon niet differentiëren tussen de 2 types van laag zoutgehalte. 

Deel 2: Klinische schalen voor subarachnoïdale bloedingen
In hoofdstuk 6 hebben we gekeken of een recent ontwikkelde klinische schaal (PAASH) 
om patiënten met een subarachnoïdale bloeding te scoren bij binnenkomst een meer 
betrouwbaardere inschatting geeft van de uitkomst dan een veelgebruikte oudere schaal 
(WFNS). Bij 537 patiënten werden beide schalen vastgelegd en vergeleken met de klinische 
uitkomst van de patiënten. Beide schalen bleken een goed discriminerend vermogen te 
hebben wat betreft uitkomst van de patiënten. Bij de PAASH-schaal echter namen de 
risico’s per punt op de schaal geleidelijker toe dan bij de WFNS-schaal. Om deze reden 
heeft de PAASH- schaal onze voorkeur.

In hoofdstuk 7 zijn dezelfde 2 schalen (PAASH en WFNS) en een andere schaal die 
veel in de Verenigde Staten wordt gebruikt (Hunt & Hess) bij 50 patiënten met een 
subarachnoïdale bloeding afgenomen door 2 verschillende observeerders. Vervolgens 
hebben we de overeenkomst tussen de verschillende observeerders per schaal bekeken. 
De PAASH- en WFNS-schalen hadden een goede inter-observerovereenkomst (gewogen 
kappa score respectievelijk 0,64, 95% BI 0,49 tot 0,79 en 0,60, 95% BI 0,48 tot 0,73) en de 
Hunt & Hess-schaal een matige overeenkomst (gewogen kappa 0,48, 95% BI 0,36 tot 0,59). 
Wij raden af om de Hunt & Hess-schaal te gebruiken.  
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De “modified Rankin scale” is een schaal die klinische uitkomst meet. Hoofdstuk 8 
vergelijkt telefonische afname van de schaal met face-to-face afname. Er was een goede 
overeenkomst tussen de beide methoden van afname (gewogen kappa 0,71 (95% BI 0,59 
tot 0,82). Dit betekent dat de telefonisch afgenomen modified Rankin scale betrouwbaar 
kan worden gebruikt in klinische studies.

Deel 3: Therapie na subarachnoïdale bloedingen
Hoofdstuk 9 beschrijft een meta-analyse van alle gerandomiseerde klinische studies 
waarin patiënten met een subarachnoïdale bloeding verdeeld werden over een groep die 
een plaatjesaggregatieremmer kreeg en een groep die een placebo kreeg. Er werden 7 
studies geïncludeerd met totaal 1385 patiënten. Plaatjesaggregatieremmers gaven niet-
significante reducties van slechte uitkomst (relatieve risico (RR) 0,79, 95% BI 0,62 tot 1,01) 
en secundaire ischemie (RR 0,79, 95% BI 0,56 tot 1,22). Op basis van deze uitkomsten 
raden wij niet aan om patiënten met een subarachnoïdale bloeding te behandelen met 
plaatjesaggregatieremmers om de uitkomst te verbeteren. 

Hoofdstuk 10 beschrijft op dezelfde wijze een meta-analyse van calciumantagonisten. 
Hierin werden 16 studies geïncludeerd met totaal 2844 patiënten, inclusief 3 studies 
waarbij een 2e calciumantagonist, magnesiumsulfaat, werd toegediend naast een andere 
calciumantagonist, nimodipine. Calciumantagonisten verminderden de slechte uitkomst 
bij patiënten met een subarachnoïdale bloeding (RR 0,81, 95% BI 0,72 tot 0,92). Het enige 
medicijn dat statistisch significante reducties gaf was nimodipine wanneer oraal (via de 
mond) toegediend. Voor magnesium naast nimodipine was het RR 0,75 (95% BI 0,57 tot 
1,00). Op basis van deze resultaten wordt geadviseerd patiënten met een subarachnoïdale 
bloeding te behandelen met orale nimodipine.

Er is gebleken dat behandeling van het aneurysma met coiling (via het bloedvat opvullen 
van het aneurysma met spiraaltjes) een betere uitkomst geeft bij een patiënt met een 
subarachnoïdale bloeding dan behandeling met clippen (waarbij het aneurysma met een 
clip wordt afgesloten via een hersenoperatie), als de patiënt voor beide methoden geschikt 
is. In hoofdstuk 11 hebben we gekeken naar het verschil in voorkomen en impact van 
secundaire ischemie tussen patiënten die behandeld werden met coilen en patiënten die 
behandeld werden met clippen. Clippen gaf een licht verhoogd risico voor het ontwikkelen 
van secundauire ischemie (OR 1,24, 95% BI 1,01 tot 1,51).

In hoofdstuk 12 werden verschillende tijdstippen van aneurysmabehandeling vergeleken 
met betrekking tot het voorkomen van ischemie en slechte uitkomst. Met name coilen 
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maar niet clippen tussen de 5e en 10e dag leidde tot een verhoogd risico voor ischemie. 
Hoe later de patiënt werd behandeld, hoe slechter de klinische uitkomst. Deze bevindingen 
ondersteunen het beleid van vroege aneurysmabehandeling en uitstellen van behandeling 
tussen de 5e en de 10e dag in geschikte patiënten lijkt niet zinvol.

In hoofdstuk 13 wordt gekeken naar de relatie tussen magnesiumbloedwaarden en 
secundaire ischemie en slechte uitkomst bij patiënten die behandeld werden met 
magnesiumsulfaat 64 mmol/dag. Magnesiumwaarden werden hiertoe in kwartielen 
verdeeld. Over alle kwartielen werd een reductie in secundaire ischemie gezien, het hoogste 
kwartiel leidde echter tot een hoger risico op slechte uitkomst. 

In hoofdstuk 14 hebben we gekeken of magnesium een vermindering van hoofdpijn en 
gebruik van pijnstillers geeft, omdat er aanwijzingen zijn dat magnesium een pijnstillend 
effect heeft. Bij 108 patiënten werden dagelijks hoofdpijnscores bijgehouden gedurende 
10 dagen na de bloeding. De 61 patiënten met hoge magnesiumbloedwaarden hadden een 
significant lagere hoofdpijnscore dan de 47 patiënten met lage magnesiumbloedwaarden, 
en gebruikten minder tramadol en piritramide (2 opiaatachtige pijnstillers).    

In hoofdstuk 15 wordt een grote internationale gerandomiseerde placebogecontroleerde 
studie beschreven naar het effect van magnesiumsulfaat op de klinische uitkomst bij 
patiënten met een subarachnoïdale bloeding. Er werden 1204 patiënten gerandomiseerd 
tussen magnesium en placebo. Het RR was 1,03 (95% BI 0,86 tot 1,08) voor slechte uitkomst. 
Als we deze studie aan de bestaande meta-analyse toevoegen, is het overkoepelende RR 0,96 
(95% BI 0,86 tot 1,08). Deze studie laat zien dat magnesiumtherapie na een subarachnoïdale 
bloeding de uitkomst niet verbetert. Omdat dit de grootste medicijnstudie bij patiënten 
met een subarachnoïdale bloeding was met genoeg “power” om een conclusie te geven, 
is deze conclusie definitief.
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Ten eerste wil ik alle patiënten met een subarachnoïdale bloeding die hebben deelgenomen 
aan de MASH-II studie en hun familieleden heel hartelijk bedanken. Het is niet gemakkelijk 
om aandacht te hebben voor wetenschappelijk onderzoek op het moment dat er net verteld 
is dat u of uw familielid een levensbedreigende aandoening heeft. 

Prof. dr. G.J.E. Rinkel, beste Gabriël. In 2002 liep ik als student je kamer binnen en mocht 
ik mij gelukkig prijzen met zo’n betrokken begeleider. Het verbaast me nog steeds hoe je 
elke week tijd kon maken voor de begeleiding van een student. Deze manier van begeleiden 
is gebleven gedurende mijn jaren als arts-assistent, en ik heb veel van je heldere en 
pragmatische manier van onderzoek doen geleerd. Artikelen werden altijd beter door jouw 
commentaar. Naast onderzoek en werk heb je ook altijd aandacht gehad voor persoonlijke 
ontwikkeling, wat ik erg waardeer.

Dr. W.M. van den Bergh, beste Walter. Jij hebt het magnesiumonderzoek opgezet en ik 
kon het stokje van je over nemen. Dat heeft behalve wetenschappelijke discussies ook 
veel congressen, reisjes, borrels en etentjes opgeleverd. Niet alleen bedankt voor je altijd 
originele onderzoeksideeën, maar ook voor je vriendschap en steun! 

Prof. dr. A. Algra, beste Ale. Ik heb veelvuldig aan je deur gestaan met een methodologische 
of statistische vraag en met jouw heldere uitleg kon ik altijd weer vooruit. Ook heb je mijn 
manuscripten altijd van helder commentaar voorzien. Ik vind het erg leuk dat ook jij mijn 
promotor bent. 

Beste Marrit van Buuren. Zonder jou was er van de MASH-II studie weinig terecht 
gekomen, ik had me geen betere onderzoeksverpleegkundige kunnen voorstellen. Een groot 
deel van de patiënten heb jij opgebeld om de uitkomst na drie maanden vast te leggen en de 
database was altijd piekfijn in orde. Paut Greebe, Dorien Slabbers, ook hartelijk dank voor 
jullie ondersteuning van de MASH-II studie, en voor de gezelligheid op het trialbureau, 
waar ik heel wat tijd heb doorgebracht.

Dr. Fop van Kooten, prof. dr. Peter Vandertop, dr. Robert van Oostenbrugge, dr. Jelis 
Boiten, dr. Gerwin Roks, dr. Hans Kuijsten, bedankt voor jullie bijdragen als lokale 
hoofdonderzoekers van de MASH-II studie. Dr. Rustam el-Shahi Salman and dr. Pablo 
Lavados, thank you very much for your role as local investigators of MASH-II. 

Verpleging van de MC’s neurologie/neurochirurgie, C3W en IC-centrum: hartelijk dank 
voor jullie ondersteuning van MASH-II.

Dr. Andrew Molyneux, dr. Richard Kerr, thank you very much for your invitation to come 
to Oxford. I have enjoyed working with you, and hope to finish the third article of our 
co-operation soon. 
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Dr. Reinier Hoff, dr. Jan Willem Dankbaar, dr. Nyika Kruyt, dr. Bart van der Worp, dr. 
Karin Klijn, dank voor de samenwerking, het heeft een aantal mooie stukken opgeleverd!

Joanna Schinkel-Veldkamp en Etiënne Sluis wil ik graag bedanken voor hun hulp bij de 
BNP-bepalingen. 

Een aantal studenten wil ik graag bedanken voor hun bijdrage aan mijn proefschrift. Jullie 
zijn natuurlijk allang geen student meer of zelfs collega binnen de neurologie: Annelies 
Bakker, Annemarie van Heuven, Paula Jansen, Merel Luitse, Nora Visser, Lieveke Degen.

Beste Esther Uijtendaal, Sonja Yandouzi, Rineke Immink, Saskia Verboom, Patricia Nowak 
van de apotheek van het UMC-Utrecht, hartelijk dank voor jullie ondersteuning van de 
MASH-II studie als leverancier van de studiemedicijnen. 

Beste stroke semafonisten, door de jaren heen zijn het er zoveel geweest dat ik jullie niet 
allemaal bij name noem, heel hartelijk dank voor de patiënten die jullie in MASH-II 
hebben weten te includeren. In het bijzonder Rachel Kleinloog, Celine Gathier, Jan Willem 
Dankbaar, Dennis Nieuwkamp, Merel Luitse en Sefanja Achterberg.  

Dr. Dennis Nieuwkamp en dr. Cisca Linn, mijn collega-CMH neurologen, dank voor de 
leuke vakgroep die we samen vormen.

Arts-assistenten neurologie, jullie zijn een ontzettend leuke groep en ik heb veel plezier 
met jullie gehad op de diverse babinski’s, feestjes, congressen en spontane borrels. In het 
bijzonder Aysun Altinbas en Joanna Schaafsma, dank voor jullie vriendschap en Joanna, wat 
leuk om onze promoties samen te vieren, laten we er een mooie dag van maken op 7 juni! 

Prof. dr. J. van Gijn, prof. dr. J.H.J. Wokke. Ik ben begonnen met de opleiding neurologie 
onder de vleugels van prof. van Gijn en heb hem afgemaakt onder leiding van prof. Wokke. 
Heel erg bedankt voor het prettige, leerzame opleidingsklimaat, ik ben er trots op dat ik 
de opleiding in Utrecht heb mogen doen.

Mijn paranimfen, Maeike Zijlmans en Mijntje Pieters, het is puur toeval dat jullie nichtjes 
zijn want ik heb jullie los van elkaar en op verschillende tijden in mijn leven ontmoet. 
Lieve Mijntje, jou ken ik al sinds het eerste jaar van onze geneeskundestudie en hoewel 
we elkaar de laatste jaren minder zien omdat Maastricht nou eenmaal niet om de hoek 
van Utrecht ligt, ben je een heel goede vriendin en heb ik het gevoel altijd bij je terecht 
te kunnen. Lieve Maeike, jou ken ik sinds de opleiding neurologie in Utrecht, maar je 
bent inmiddels zo veel meer dan een collega. Ik vind het heel fijn zo’n goede vriendin te 
hebben. Ik kan altijd op je rekenen voor steun en een goed gesprek, maar ook voor een 
skivakantie en een dansje!
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Lieve familie, Josien, Andries, oma Willemsen, opa en oma Dorhout Mees. Dank voor jullie 
interesse en steun. Opa DM, wat leuk om in “jouw” ziekenhuis te werken en bij dezelfde 
universiteit te promoveren als jij deed al die jaren geleden! 

Lieve Tjalling en Baukje, jullie hebben me altijd onvoorwaardelijk gesteund, waar ik heel 
dankbaar voor ben. Zowel op het gebied van mijn scholing en carrière als privé kan ik altijd 
bij jullie terecht. Lieve Marije, wat heb ik een geweldig zusje! Ik ben trots op jouw volwassen 
manier van omgaan met de perikelen van het leven, en wat heb ik veel aan je (gehad)! 

Lieve Casper, het is heerlijk om met jou samen te zijn. Op een spannende, enerverende 
en mooie toekomst. Ik hou van je.



About the author

*



About the author

200

CURRICULUM VITAE
Sanne Dorhout Mees werd geboren op 4 september 1978 te Marum, Groningen. In 2006 
behaalde zij haar eindexamen aan het Gymnasium Celeanum te Zwolle. In hetzelfde 
jaar begon zij met de studie geneeskunde in Maastricht. Tijdens haar studie liep zij een 
co-schap aan de University of the West Indies te Trinidad. In de laatste maanden van de 
geneeskundestudie deed zij een wetenschappelijke stage bij de afdeling neurologie van het 
UMC-Utrecht onder begeleiding van prof. dr. G.J.E Rinkel, wat onder andere resulteerde 
in hoofdstuk 2 van dit proefschrift. Zij behaalde haar artsexamen in 2002. Zij werkte 1 jaar 
als AGNIO neurologie in het Erasmus MC te Rotterdam, en zij begon in augustus 2003 
met de opleiding neurologie in het UMC-Utrecht onder begeleiding van prof. dr. J. van 
Gijn en prof. dr. J.H.J. Wokke. In 2006 nam zij het stokje over van dr. W.M. van den Bergh 
als hoofdonderzoeker van de MASH-II studie. De jaren daarop werkte zij verder aan het 
wetenschappelijk onderzoek dat resulteerde in dit proefschrift. In juni 2011 rondde zij de 
opleiding tot neuroloog af en sindsdien werkt zij als neuroloog in het Centraal Militair 
Hospitaal en UMC-Utrecht.



201

*

PUbLICATIons

This thesis

(1)  Dorhout Mees SM, van Dijk GW, Algra A, Kempink DR, Rinkel GJ. Glucose levels 
and outcome after subarachnoid hemorrhage. Neurology 2003;61:1132-3.

(2)  Dorhout Mees SM, van den Bergh WM, Algra A, Rinkel GJ. Achieved serum 
magnesium concentrations and occurrence of delayed cerebral ischaemia and poor 
outcome in aneurysmal subarachnoid haemorrhage. J Neurol Neurosurg Psychiatry 
2007;78:729-31. 

(3)  Dorhout Mees SM, Rinkel GJ, Feigin VL, Algra A, van den Bergh WM, Vermeulen 
M, van Gijn J. Calcium antagonists for aneurysmal subarachnoid haemorrhage. 
Cochrane Database Syst Rev 2007 Jul 18;(3):CD000277. 

(4)  Bakker AM, Dorhout Mees SM, Algra A, Rinkel GJ. Extent of acute hydrocephalus 
after aneurysmal subarachnoid hemorrhage as a risk factor for delayed cerebral 
infarction. Stroke 2007;38:2496-9. 

(5)  Dorhout Mees SM, van den Bergh WM, Algra A, Rinkel GJ. Antiplatelet therapy 
for aneurysmal subarachnoid haemorrhage. Cochrane Database Syst Rev 2007 Oct 
17;(4):CD006184. 

(6)  van Heuven AW, Dorhout Mees SM, Algra A, Rinkel GJ. Validation of a prognostic 
subarachnoid hemorrhage grading scale derived directly from the Glasgow Coma 
Scale. Stroke 2008;39:1347-8. 

(7)  Dorhout Mees SM, Luitse MJ, van den Bergh WM, Rinkel GJ. Fever after aneurysmal 
subarachnoid hemorrhage: relation with extent of hydrocephalus and amount of 
extravasated blood. Stroke 2008;39:2141-3.

(8)  Dorhout Mees SM; MASH-II study group. Magnesium in aneurysmal subarachnoid 
hemorrhage (MASH II) phase III clinical trial MASH-II study group. Int J Stroke 
2008;3:63-5.

(9)  Dorhout Mees SM, Bertens D, van der Worp HB, Rinkel GJ, van den Bergh WM. 
Magnesium and headache after aneurysmal subarachnoid haemorrhage. J Neurol 
Neurosurg Psychiatry 2010;81:490-3.

(10) Janssen PM, Visser NA, Dorhout Mees SM, Klijn CJ, Algra A, Rinkel GJ. Comparison 
of Telephone and Face-to-Face Assessment of the Modified Rankin Scale. Cerebrovasc 
Dis 2009;29:137-9.



About the author

202

(11) Degen LA, Dorhout Mees SM, Algra A, Rinkel GJ. Interobserver variability of grading 
scales for aneurysmal subarachnoid hemorrhage. Stroke 2011;42:1546-9.

(12) Dorhout Mees SM, Hoff RG, Rinkel GJ, Algra A, van den Bergh WM. Brain natriuretic 
peptide concentrations after aneurysmal subarachnoid hemorrhage: relationship with 
hypovolemia and hyponatremia. Neurocrit Care 2011;14:176-81.

(13) Dorhout Mees SM, Kerr RS, Rinkel GJ, Algra A, Molyneux AJ. Occurrence and 
impact of delayed cerebral ischemia after coiling and after clipping in the International 
Subarachnoid Aneurysm Trial (ISAT). J Neurol 2012;259:679-83. 

(14) Dorhout Mees SM, Molyneux AJ, Kerr RS, Algra A, Rinkel GJE. Timing of aneurysm 
treatment after subarachnoid hemorrhage: relationship with delayed cerebral ischemia 
and poor outcome. Stroke, accepted for publication. 

(15) Dorhout Mees SM, Algra A, Vandertop WP, van Kooten F, Kuijsten HA, Boiten J, van 
Oostenbrugge RJ, Al-Shahi Salman R, Lavados PM, Rinkel GJE, van den Bergh WM. 
Magnesium in aneurysmal subarachnoid haemorrhage (MASH-II): a randomised 
placebo controlled trial. In preparation.

Other publications

(1)  Dorhout Mees SM, Rinkel GJ, Hop JW, Algra A, van Gijn J. Antiplatelet therapy in 
aneurysmal subarachnoid hemorrhage: a systematic review. Stroke 2003;34:2285-9.

(2)  van den Bergh WM, Dorhout Mees SM, Rinkel GJ. Intravenous magnesium versus 
nimodipine in the treatment of patients with aneurysmal subarachnoid hemorrhage: 
a randomized study. Neurosurgery 2006 Nov;59:E1152.

(3)  van den Bergh WM; MASH Study Group, Algra A, Dorhout Mees SM, van Kooten 
F, Dirven CM, van Gijn J, Vermeulen M, Rinkel GJ. Randomized controlled trial 
of acetylsalicylic acid in aneurysmal subarachnoid hemorrhage: the MASH Study. 
Stroke 2006;37:2326-30.

(4)  Dorhout Mees SM, Rinkel GJ, Feigin VL, Algra A, van den Bergh WM, Vermeulen 
M, van Gijn J. Calcium Antagonists for Aneurysmal Subarachnoid Hemorrhage. 
Stroke 2008;39:514-5. 

(5)  Kruyt ND, Roos YW, Dorhout Mees SM, van den Bergh WM, Algra A, Rinkel GJ, 
Biessels GJ. High mean fasting glucose levels independently predict poor outcome 
and delayed cerebral ischaemia after aneurysmal subarachnoid haemorrhage. J Neurol 
Neurosurg Psychiatry 2008;79:1382-5.



203

*

(6)  Dorhout Mees SM, van den Bergh WM, Algra A, Rinkel GJ. Antiplatelet Therapy 
in Aneurysmal Subarachnoid Hemorrhage. Stroke 2008;39:2186-7.



About the author

204



Appendix

Study organisation MASH-II trial

*



Appendix: Study organisation MASH-II trial

206

Acknowledgements
This trial was funded by the Netherlands Heart Foundation (grant number: 2005BO16) 
and UK Medical Research Council (clinician scientist fellowship G108/613). The “van 
Leersumfonds” financially supported part of the production of the study medication. This 
trial was conducted with the support of the research nurses at the Edinburgh Wellcome 
Trust Clinical Research Facility (www.wtcrf.ed.ac.uk) and was adopted by the UK Stroke 
Research Network (www.uksrn.ac.uk). We are grateful to Ms. Bridget Colam for trial 
management in Scotland. 

contributors
S.M. Dorhout Mees coordinated the study, analysed and interpreted data and wrote the 
first draft of the paper. W.M. van den Bergh, G.J.E. Rinkel and A Algra obtained funding, 
conceived, designed, and supervised the study, and contributed to subsequent versions of 
the manuscript. A. Algra analysed and interpreted data. W.P. Vandertop, F. van Kooten, 
H.A.J.M. Kuijsten, J. Boiten, R.J. van Oostenbrugge, R. Al-Shahi Salman and P.M. Lavados 
were local study investigators, organised the study, included patients and contributed to 
revisions of the manuscript. All authors approved the final report. 

study orgAnisAtion

Executive committee

S.M. Dorhout Mees, MD (study coordinator, University Medical Center Utrecht, the 
Netherlands), W.M. van den Bergh, MD, PhD (principal investigator, University Medical 
Center Utrecht, the Netherlands), G.J.E. Rinkel, MD (principal investigator, University 
Medical Center Utrecht, the Netherlands), A. Algra, MD (clinical epidemiologist, University 
Medical Center Utrecht, the Netherlands), M. van Buuren (research nurse, University 
Medical Center Utrecht, the Netherlands).

Steering Committee (in alphabetical order)

Executive committee plus: R. Al-Shahi Salman, neurologist (Western General Hospital, 
Edinburgh, UK), J. Boiten, neurologist (Medical Center Haaglanden, the Netherlands), 
F. van Kooten, neurologist (Erasmus Medical Center Rotterdam, Netherlands), H.A.J.M. 
Kuijsten (St Elisabeth Hospital Tilburg, the Netherlands), P.M. Lavados, neurologist 



207

*

(Institute of Neurosurgery, Universidad de Chile and Clinica Alemana, Universidad del 
Desarrollo, Santiago, Chile), R.J. van Oostenbrugge, neurologist (Maastricht University 
Medical Center, the Netherlands), W.P. Vandertop, neurosurgeon (Neurosurgical 
Center Amsterdam, Academic Medical Center and VU university Medical Center, the 
Netherlands).

Participating centres (in order of number of included patients)

Netherlands: University Medical Center Utrecht (630 patients; S.M. Dorhout Mees, 
W.M. van den Bergh, A. Algra, G.J.E. Rinkel, R. Kleinloog, J.W. Dankbaar, C.S. Gathier, 
D.J. Nieuwkamp, M.J.A. Luitse, S. Achterberg ), Neurosurgical Center Amsterdam (150 
patients; W.P. Vandertop), Erasmus Medical Center Rotterdam (104 patients; F. van 
Kooten), St Elisabeth hospital Tilburg (91 patients; H.A.J.M. Kuijsten, G. Roks), Medical 
Center Haaglanden, the Hague (81 patients; J. Boiten, J. Kerklaan), Maastricht University 
Medical Center (68 patients; R.J. van Oostenbrugge). United Kingdom: Western General 
Hospital Edinburgh (59 patients; R. Al-Shahi Salman). Chile: Institute of Neurosurgery, 
Universidad de Chile, Santiago, Chile (21 patients; P.M. Lavados, V.V. Olavarria). 

Data monitoring Committee

J.G. van der Bom (Chair), clinical epidemiologist, Leiden University Medical Center, 
W.P.Th.M. Mali, radiologist, University Medical Center Utrecht, the Netherlands and P.M. 
Rothwell, neurologist, University of Oxford and Oxford Radcliffe Hospitals, R.S.C. Kerr, 
neurosurgeon, University of Oxford and Oxford Radcliffe Hospitals, United Kingdom.



208


