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Abstract Delayed cerebral ischemia (DCI) is an impor-

tant cause of poor outcome after aneurysmal subarachnoid

hemorrhage (SAH). We studied differences in incidence

and impact of DCI as defined clinically after coiling and

after clipping in the International Subarachnoid Aneurysm

Trial. We calculated odds ratios (OR) for DCI for clipping

versus coiling with logistic regression analysis. With coiled

patients without DCI as the 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 ORs, we calculated relative excess

risk due to Interaction (RERI). Clipping increased the risk

of DCI compared to coiling in the 2,143 patients OR 1.24,

95% confidence interval (95% CI 1.01–1.51). 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 a poorer

outcome at 1 year than clipping and DCI (RERI -2.02,

95% CI -3.97 to -0.08). 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 hemorrhage 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 ischemia (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 conse-

quences 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.
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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 dur-

ing 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 endo-

vascular coiling and those treated with neurosurgical clip-

ping, we studied incidence and impact of DCI as defined

clinically after coiling and after clipping in a large ran-

domized controlled trial (ISAT trial) [5].

Methods

Patients

We analyzed the data of patients who had participated in

the ISAT trial, a clinical trial that randomized 2,143

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 subarach-

noid hemorrhage within the last 28 days and a demon-

strated aneurysm. The aneurysm was judged by both the

neurosurgeon and the neuroradiologist to be suitable for

treatment, but there was uncertainty regarding 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 dichotomized

into lower or higher than 55 years. The WFNS scale was

dichotomized into good clinical condition (WFNS 1–3) or

poor clinical condition (WFNS 4–5). The Fisher scale was

dichotomized 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 pro-

cedural 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 cor-

responding 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 three different groups of patients: coiled

patients with DCI, clipped patients without DCI, and

clipped patients with DCI, compared to the reference group

consisting of coiled patients without DCI. To study whe-

ther 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 analyzed according to

their original treatment allocation.

Results

Treatment modality and occurrence of DCI

Table 1 shows the baseline characteristics of the 2,143

included patients. Of the 1,070 patients allocated to clip-

ping, data on presence or absence of DCI were known for

1,066 (99.6%) patients. DCI had occurred in 283 (27%) of

these patients. Of the 1,073 patients allocated to coiling,

data on presence or absence of DCI were known for 1,069

(99.6%). DCI had occurred in 241 (23%) of these patients

(Fig. 1). Of the cross-overs, DCI occurred in two of the

eight 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 1.01–1.51). The absolute risk
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difference was 4% (95% CI 0–8%). Adjustment for age,

gender, 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 1,373 patients were ana-

lyzed who were treated before day 4, the OR for DCI for

clipping versus coiling was 1.48 (95% CI 1.15–1.89) and

the absolute risk difference 7% (95% CI 3–11%). Adjust-

ment for baseline characteristics did not change the OR.

DCI and outcome in coiled and clipped patients

Data on DCI and outcome at 2 months were known for

1,057 (98.8%) of the clipped patients and for 1,059

(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 to coiled patients

without DCI (Table 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 con-

dition on admission, and amount of extravasated blood.

Data on DCI and outcome at 1 year were known for

1,051 (98.2%) of the clipped patients and for 1,060

(98.8%) of the coiled patients. When we repeated the

analyses for the 1-year outcome, a similar pattern emerged

(Table 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

Table 1 Baseline characteristics of the 2,143 included patients

Endovascular

coiling

(n = 1,073)

Neurosurgical

clipping

(n = 1,070)

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 C3 (%) 826 (77) 829 (78)

Median days from SAH to

randomization (SD)a
2.0 (3.8) 2.0 (4.6)

Median days from randomization to

treatment (SD)a
1.0 (2.0) 1.0 (3.1)

Median days from SAH to treatment

(SD)a
3.0 (4.7) 3.0 (5.8)

Number of patients coiled (%) 1,055 (98)

Number of patients clipped (%) 1,004 (94)

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

a Day of SAH is day 0

2143
enrolled 

1070
Neurosurgical

treatment  

1073  
Endovascular 

treatment 

4 (0.4%) 
No data DCI 

283 (27%) 
DCI 

783 (73%) 
No DCI 

4 (0.4%) 
No data DCI 

241 (23%)  
DCI 

828 (77%) 
No DCI 

2 (0.7%) 
Lost to follow-

up

145 (52%)  
Poor outcome 2 

months

7 (0.9%) 
Lost to follow-

up 

243 (31%) 
Poor outcome 2 

months

1 (0.4%) 
Lost to follow-

up 

110 (46%) 
Poor outcome 2 

months 

9 (1.1%) 
Lost to follow-

up 

166 (20%) 
Poor outcome 2 

months 

Fig. 1 Flow chart of the 2,143

included patients: occurrence of

DCI and poor outcome
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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 endovas-

cular coiling in SAH patients randomized between one of

these treatments. The impact of DCI on poor outcome was

not different after clipping than after coiling. The differ-

ence 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 1 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 clipping 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 method-

ological weaknesses. All but one study were non-random-

ized, and the decision of which technique of aneurysm

treatment was used was made on the basis of patient

characteristics. As a result, the two 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 circula-

tion. 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 ischemic 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 randomized controlled trial where patients were

randomized between neurosurgical or endovascular treat-

ment. 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 fol-

low-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 drawback of this study is that the diag-

nosis of DCI is difficult. We used a clinical definition of

DCI and did not take into account angiographic vasospasm

or ischemic lesions on CT scan, because unfortunately

these data were not recorded in the ISAT. The final diag-

nosis was left to the discretion of the treating physician.

These physicians were not blinded to the allocated treat-

ment. In clipped patients, surgery-related damage might

have been diagnosed as DCI, and might have led to dif-

ferences in diagnosing DCI between different physicians

and different hospitals. However, the definition of DCI was

clearly described in the ISAT manual and excluded pro-

cedural ischemia and should have led to more uniformity.

Moreover, as randomization was stratified per hospital,

Table 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 (%) ORa (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)

RERIb 0.12 (-1.16 to 1.40)

a Adjusted for amount of blood on initial CT scan
b Relative excess risk due to interaction

Table 3 ORs for poor outcome at 1 year for different patient cate-

gories compared to coiled patients without DCI

Treatment modality DCI Poor outcome at 1 year

n/n (%) ORa (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)

RERIb -0.48 (-1.69 to 0.74)

a Adjusted for age, clinical condition on admission, and amount of

blood on initial CT scan
b Relative excess risk due to interaction
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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 randomization

stratified per hospital, we think that it is unlikely that DCI

will have been treated differently in clipped than in coiled

patients. Also, the confidence interval for the risk of DCI

for clipping compared with coiling was close to one OR

1.24 (95% CI 1.01–1.51).

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 to coiling, which strengthens the reli-

ability of our results.

In conclusion, DCI was more common after neurosur-

gical clipping than after endovascular coiling in ISAT

patients. DCI did not have more impact on poor outcome in

clipped patients 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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