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ABSTRACT

BACKGROUND AND PURPOSE: Management of poor-grade subarachnoid hemorrhage is based on limited evidence from small single-
center retrospective observational studies. The purpose of this study was to undertake a single-center randomized controlled feasibility
trial comparing a strategy of early endovascular aneurysm treatment with treatment after neurologic recovery in this group of patients.

MATERIALS AND METHODS: Patients with poor-grade SAH were randomized within 24 hours of admission to early treatment or treatment
after neurologic recovery. If a patient was randomized to early treatment, the aneurysm was treated endovascularly within 24 hours of random-
ization. Recruitment rate, safety profile, and functional outcome at the time of discharge and at 6 months were assessed.

RESULTS: Fourteen of 51 patients screened were eligible for the trial. Of these 14, 8 patients were randomized (57%). All patients in the
early coiling arm received treatment within 24 hours of randomization. There was no treatment-related complication. Overall, good
outcome occurred in 25% of patients; the mortality rate was 75%. Patients in the early treatment arm (n � 5) had a good outcome rate of
20%, while those in treatment after neurologic recovery arm (n � 3) had a good outcome rate of 33.3%.

CONCLUSIONS: This was a feasibility study that demonstrated that recruitment and randomization for comparing management strate-
gies in poor-grade SAH are feasible. The recruitment rate among eligible patients was encouraging (57%), though a number of patients had
to be excluded due to ineligibility. A multicenter study is necessary to recruit the numbers required to compare the clinical outcomes of
these management strategies.

ABBREVIATIONS: ISAT � International Subarachnoid Aneurysm Trial; WFNS � World Federation of Neurosurgical Societies

Intracranial aneurysms are being treated with increasing fre-

quency by endovascular coiling. The International Subarach-

noid Aneurysm Trial (ISAT),1 an international, multicenter, ran-

domized controlled trial comparing coiling with surgical clipping,

demonstrated that there was a 6.9% reduction of absolute risk and

a 22.6% reduction of relative risk of death or dependency at the

end of 1 year in the coiling arm. On the basis this finding, early

aneurysm coiling of patients with good-grade subarachnoid hem-

orrhage has become an established practice. Poor-grade SAHs

(World Federation of Neurosurgical Societies [WFNS] grades IV

and V) were significantly under-represented in ISAT because

these patients are usually not considered for clipping unless they

have made substantial clinical improvement.2,3 Although they

were not under-represented in the Barrow Ruptured Aneurysm

trial, this study did not assess treatment timing.4 ISAT re-raised

the question of the balance of risks of aneurysm treatment in the

early days after poor-grade SAH but did not provide the data to

determine the answer.1 Early coiling could potentially have the

advantage of reducing the rebleeding rate without the increased

treatment risks incurred by early surgical clipping in poor-grade

SAH patients.2 The benefit of such a strategy, however, cannot be

extrapolated from ISAT and should be supported by robust (ran-

domized controlled trial) data before being adopted as standard

practice. We have undertaken a single-center randomized paral-

lel-group feasibility trial between patients with poor-grade SAH

who were treated early with endovascular coiling and those who

were managed by the traditional method (ie, treated [coiled or

clipped] after clinical neurologic improvement) as a first step to-

ward answering this important question. The outcome measures

were the following: 1) recruitment rate, 2) trial safety assessed by
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mortality and adverse event rates, and 3) distribution of 6-month

functional outcome measured by the modified Rankin Scale

score. This pilot study is expected to inform the design of a future

multicenter randomized controlled trial.

MATERIALS AND METHODS
Full approvals from the institutional ethics committee and hospi-

tal research and development department were obtained for the

trial.

Inclusion and Exclusion Criteria
The trial included patients older than 18 years admitted to the

neurosciences intensive therapy unit with WFNS grade IV or V

SAH who were hemodynamically stable and whose next of kin

provided assent for inclusion.

Exclusion criteria were the following: 1) age older than 75

years, 2) signs of brain stem death not promptly reversed by anti-

cerebral edema treatment, 3) pure intraventricular hemorrhage,

4) large intracerebral hematoma requiring immediate clot evacu-

ation, 5) lack of clinical equipoise (ie, the treating clinician be-

lieved that there was a much greater benefit to be gained for that

patient by one or the other of the treatment arms), and 6)

pregnancy.

Trial Design and Randomization
Patients admitted to the intensive therapy unit were stabilized

from neurologic and cardiorespiratory points of view as per es-

tablished protocol. If the patient was initially admitted to a differ-

ent hospital, confirmation of the Glasgow Coma Scale score be-

fore intubation/ventilation was sought from the referral letter.

Once SAH was confirmed by imaging and the patient was stable,

the admitting neurosurgical/anesthetic team assessed them for

eligibility for the trial.

If the patient fulfilled the eligibility criteria, an appropriate

clinician (intensive therapy unit consultant/registrar or neurosur-

gical consultant/registrar or neuroradiology consultant/registrar)

discussed the trial and provided written information to the next of

kin. The clinician returned after an interval to allow adequate time

for reflection and obtained informed assent for the trial from the

next of kin.

If assent was not obtained from the next of kin, the reason was

documented.

A screening log was completed, recording the number of pa-

tients assessed, the number meeting the inclusion criteria, and the

number excluded because of the presence of �1 exclusion criteria

(and if excluded, the reason for it).

After obtaining assent, we performed randomization within

24 hours of admission to the intensive therapy unit. A random-

ized block design (with variable block sizes of 2, 4, and 6) was used

with 2 strata (hydrocephalus and no hydrocephalus) to ensure

that patients with significant hydrocephalus (as determined by a

requirement for CSF drainage) were equally distributed between

the 2 trial arms.

The 2 Trial Arms

Early Treatment Arm. If the patient was randomized to the early

treatment arm, the result of randomization was communicated to

the interventional neuroradiology team. Appropriate assent for

the coiling procedure was then obtained. If amenable to endovas-

cular treatment, the aneurysm was treated within 24 hours of

randomization.

Treatment after Clinical Improvement Arm. If the patient was

randomized to the treatment after clinical improvement arm, the

result was communicated to the intensive therapy unit and neu-

rosurgical team who continued managing the patient as per local

established protocol. If and when the patient’s neurologic status

improved to WFNS grade III or better, the aneurysm was treated

appropriately. There was no specific time-delay criterion for an-

eurysm treatment in this arm.

Aneurysm Treatment
Standard local procedures for aneurysm treatment were followed.

Endovascular treatment of the aneurysms was performed with

biplane angiography equipment (Integris Allura; Philips Health-

care, Best, the Netherlands). All patients were treated under gen-

eral anesthetic and received a standard regimen of anticoagula-

tion with heparin. Balloon assistance was used as required. None

of the patients required a stent-assisted technique.

Follow-Up

Angiographic Follow-Up. Angiographic follow-up was per-

formed as per the local established protocol (5 and 24 months

following the coiling procedure).

Clinical Follow-Up. Patients were assessed for their functional

status at the time of discharge and at 6 months following ictus.

Assessment was performed by members of the endovascular team

blinded to the results of randomization on the basis of the modi-

fied Rankin Scale.

RESULTS
Screening and Recruitment
The study was performed in a single United Kingdom neurosci-

ences center. Fifty-one patients admitted to the intensive therapy

unit with poor-grade SAH were screened over 29 months (August

2008 to January 2011). Fourteen patients were found to be eligible

for the trial. Eight of 14 eligible were randomized for the study.

The other 6 could not be included because assent from the next of

kin could not be obtained. The recruitment rate among patients

eligible for the trial was therefore 57%, while the recruitment rate

of patients screened was 16%.

Thirty-seven patients were excluded from the study because

they did not meet the inclusion criteria. A number of factors were

responsible for patients being ineligible for the trial, which are

summarized in Table 1.

Five patients were randomized to the early treatment arm, and

3 patients were randomized to the treatment after recovery arm.

Demographics
Of the 8 patients included in the study, 4 were men and 4 were

women. The age of patients ranged between 26 and 64 years, with

an average age of 53 years. Of the 5 patients (3 women and 2 men)

randomized to early treatment, the age range was 26 – 64 years

with an average age of 53 years. Of the 3 patients (2 men and 1
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woman) randomized to treatment after recovery, the age range

was 51–54 years, with an average age of 52 years.

Prerandomization Assessment
Five patients in the study had an admission WFNS grade of V,

while 3 patients had an admission WFNS grade of IV. Of patients

in the early treatment arm, 3 had a WFNS grade of V and 2 had a

WFNS grade of IV. Of patients in the treatment after recovery

arm, 2 patients had a WFNS grade of V, while 1 had a WFNS grade

of IV.

All patients included in the trial had a CT head study before

randomization. The Fisher grade of the admission CT was avail-

able in 7 of the 8 patients in the trial. All these CT studies demon-

strated Fisher grade 4 SAH.

Randomization
Patients were randomized within 5–24 hours of admission to the

intensive therapy unit (average, 11 hours). The mean time inter-

val between randomization and aneurysm treatment in patients

randomized to the early treatment arm was 9 hours 30 minutes

(range, 2 hours 15 minutes to 22 hours). Only 1 of the 3 patients

randomized to the treatment after recovery arm received aneu-

rysm treatment. The time interval between randomization and

aneurysm treatment in this patient was 21 hours.

Aneurysm Treatment and Adverse Events
Six of 8 patients in the study received endovascular treatment of

their aneurysms. Two patients (both in the treatment after neu-

rologic recovery arm) died before the aneurysm was treated. None

of the patients in the study received surgical clipping.

Of the patients who had endovascular aneurysm treatment,

there were no treatment-related adverse events. Adverse events

not related to treatment are summarized in Table 2. At the time of

randomization, 5 patients (3 in the early treatment arm and 2 in

the conventional arm) had hydrocephalus requiring surgical

drainage. Delayed hydrocephalus occurred in 1 patient (early

treatment arm).

Outcomes
Functional outcomes were assessed at the time of discharge and at

6 months following ictus with the modified Rankin Scale ques-

tionnaire. At the time of discharge, 1 patient had an mRS score of

2 and 1 had an mRS score of 3. The other 6 patients died (mRS 6).

At 6 months, 1 patient improved from mRS 2 to mRS 0 and the

other patient improved from mRS 3 to mRS 1. Therefore, the

overall good outcome (mRS 0 –2) rate at 6 months was 25%, and

the poor outcome rate (mRS 3– 6) at the same time was 75%. The

overall mortality rate was also 75%. The good outcome rate

in the early treatment arm was 20%, while the good outcome rate

in the treatment after recovery arm was 33% (Table 3).

DISCUSSION
Endovascular treatment is relatively less invasive than clipping

and has been demonstrated to improve outcome in patients with

good-grade SAH.1 As a result, a number of centers are now also

treating patients with poor-grade SAH with early endovascular

coiling. Several single-center, retrospective, nonrandomized

studies on early endovascular treatment of patients with poor-

grade SAH have been published,5-12 as summarized in Table 4.

While these studies provide important data in understanding out-

comes in this group of patients, there are a number of difficulties

in interpreting their results. First, sizes of the studies are mostly

rather modest and vary widely, from 116 to 111 subjects.10 Sec-

ond, the inclusion criteria are also extremely variable. For exam-

ple, while 1 study considers WFNS grade IV and V to be poor-

grade,12 another study has only included WFNS grade V,6 and

some have included patients on the basis of Hunt and Hess grades

4 and 5.5,7,8,10 Significant heterogeneity also exists in outcome

measures and follow-up. A small majority of studies have used the

Glasgow Outcome Scale over the modified Rankin Scale. The fol-

low-up also varied between 6 months12 to up to 2 years.10 There

are also differences in the definition of good and poor

outcomes.5-12

With regard to neurosurgical studies, the International Coop-

erative Study2 reported a good recovery rate in patients with poor-

grade SAH ranging from 10% to 33% in the various subgroups

based on the timing of surgery. Some smaller scale single-center

studies suggested that early surgical clipping may lead to better

results, but mostly in selected groups.3,13,14 A study that included

patients with poor-grade SAH who did not receive aneurysm

treatment (ie, neither clipping nor coiling) reported a mortality

rate of 71%.15

Specifically lacking from the endovascular studies are data

Table 1: Reason for ineligibility for randomization among the
patients screened for the trial

Reason for Ineligibility No. %
Improvement of neurologic status before

randomization
8 23

Expiry of time window for randomization 5 13
Emergency clot evacuation 5 13
Hemodynamic instability 5 13
Beyond age range 4 11
Pure intraventricular hemorrhage 3 8
Signs of coning 3 8
Lack of equipoise 3 8
No aneurysm on CT angiogram (AVM found) 1 3

Table 2: Treatment-unrelated adverse events
Treatment-Unrelated

Adverse Event No.
Aneurysm rebleeding 1
Hydrocephalus (early) 5
Hydrocephalus (late) 1
Intracerebral hematoma 2
Intraventricular hemorrhage 2
Diffuse cerebral edema 1

Table 3: Summary of outcomes between early treatment and
treatment after recovery arms

Early
Treatment Arm

Treatment after
Recovery Arm

No. of patients 5 3
WFNS score on admission WFNS IV-II WFNS IV-I

WFNS V-III WFNS V-II
Good outcome 1 (MRS 1) 1 (MRS 0)
Poor outcome 4 (all MRS 6) 2 (all MRS 6)
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analogous to the evidence base for early clipping, which compares

coiling with conservative treatment; and the argument largely de-

pends on the extrapolated assumption that coiling is a benign

intervention. While the studies mentioned inform clinical prac-

tice in poor-grade SAH to a limited extent, significant uncertain-

ties still exist, and robust evidence in the form of a randomized

controlled trial is lacking.

The present study demonstrates that recruitment to such a

randomized controlled trial is feasible. The recruitment rate

among patients eligible for the study was encouraging (57%). The

recruitment rate among the total number of patients screened for

the study was much more modest at 16%. Screening and recruit-

ment in the current study were largely performed during normal

working hours, thus excluding a number of patients outside these

hours. As shown in Table 1, the most frequent reasons for ineli-

gibility (36%) were the following: 1) expiry of the time window

for randomization, and 2) improvement of neurologic status be-

fore the patient could be randomized. If patient screening and

recruitment are supported by the research staff 7 days a week, a

higher recruitment rate would be realistic.

The study set out to assess the safety of conducting a random-

ized controlled trial in this group of patients. Six of 8 patients in

the study underwent endovascular aneurysm treatment, while the

other 2 died before aneurysm treatment. None of the patients

undergoing endovascular treatment had any treatment-related

complication; this finding suggests that a trial such as the present

one is safe to conduct. As expected, a proportionately high num-

ber of disease-related adverse events did occur (Table 2). With

regard to the feasibility of performing early coiling within the

stipulated timeframe, the average time from randomization to

treatment in patients in the early treatment arm was 9 hours 30

minutes, which suggests that the trial requirement of a maximum

of 24 hours between randomization and treatment is achievable.

No patient in this study had to be excluded because of noncom-

pliance to this requirement.

Hydrocephalus is often thought to be the cause of incorrect

WFNS grading and, therefore, incorrect classification as poor-

grade SAH. To identify “true” poor-grade SAH, some centers ad-

vocate sedation-reversal followed by formal neurologic assess-

ment.3 However sedation-reversal increases the risk of aneurysm

rebleed, and postreversal neurologic assessment introduces delay

into the process of randomization and treatment, making it diffi-

cult to study the benefits of early treatment. In this study, the

decision regarding sedation-reversal has been left to the intensive

therapy unit team. If a patient’s postreversal neurologic status

improved rapidly to the extent that he or she no longer had a

poor-grade SAH, then the patient was not randomized. If a pa-

tient was randomized, then he or she remained in the allocated

trial arm regardless of the speed of recovery. Hydrocephalus was

used as a stratification criterion to ensure that an equal propor-

tion of patients with hydrocephalus were included in the 2 arms

and that the outcomes were not skewed by this factor.

The overall mortality rate in this study was 75%, which is

higher than that in many reported series. This is most probably

due to the small size of this study and possible bias toward ran-

domizing more patients with grade V than with grade IV. Most

patients in this study had admission WFNS grades V; and 5 of 6

patients who died had an admission WFNS grade of V.

Although the numbers are small, our experience suggests that

the benefit of early endovascular treatment in a poor-grade SAH

population should not be assumed unless there are robust multi-

center randomized controlled trial data to support it. In this

study, the good outcome rate in the treatment after recovery arm

(33%) was better than that in the early coiling arm (20%).

CONCLUSIONS
This study suggests that a randomized controlled trial to evaluate

the best management strategy in patients with poor-grade SAH is

safe and feasible. While the recruitment rate among eligible pa-

tients was encouraging, a significant number of patients could not

be randomized due to expiry of the time window for randomiza-

tion and lack of assent. A fully resourced multicenter study should

be able to address these issues and recruit sufficient numbers to

achieve robust outcome data.
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