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ORIGINAL
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Outcomes of Ruptured Intracranial Aneurysms
Treated by Microsurgical Clipping and
Endovascular Coiling in a High-Volume Center
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L.N. Sekhar

B. Ghodke
G.W. Britz

D. Bhagawati
N. Temkin

BACKGROUND AND PURPOSE: The purpose of this study was to analyze the 3-month outcomes of
patients with aneurysmal subarachnoid hemorrhage (SAH) treated from January 2005 to June 2006.
This paper describes the outcomes after treatment of aneurysmal SAH and comparison between
patients treated by clipping or coiling in a high volume center.

MATERIALS AND METHODS: A retrospective chart review was performed of records of 195 consecu-
tive patients with SAH. The overall outcome and the pretreatment variables predicting outcomes and
the difference between the clipping and coiling groups were analyzed by logistic regression analysis.

RESULTS: A total of 105 (55%) patients had microsurgical clipping and 87 (45%) had endovascular
coiling. At 3 months, 69% of patients recovered with no or mild disability. The predictors of a 3-month
modified Rankin Scale (mRS) were Hunt and Hess (HH) grade on admission and the presence of
intracerebral hemorrhage (ICH). Patients in the coiling group had worse admission grades; they had
worse 3-month mRS (2.28 vs 1.73), but this was not significant when the groups were matched (P �
.38). Vasospasm rate was significantly higher in the clipping group (66% vs 52%). The immediate
incomplete occlusion rate of aneurysms was higher (21.7% vs 7.6%) in the coiling group.

CONCLUSION: The overall results of treatment of aneurysmal SAH have improved. There is no
significant difference in the outcomes between the patients in the clipping and coiling groups.

Subarachnoid hemorrhage (SAH) from ruptured aneu-
rysms carries a poor prognosis; half the patients die within

1 month of the hemorrhage; of the patients who survive longer
than 1 month, 40% remain dependent.1 Approximately 15%
of patients with aneurysmal SAH die before reaching the
hospital.2

Two prospective randomized studies of patients with rup-
tured aneurysms reported the differences in outcome between
coiling and clipping. In the International Subarachnoid Aneu-
rysm Trial (ISAT)3,4 (n � 2143), better outcome was noted
with coiling. A second smaller study5 of 109 patients reported
that the clinical outcome at 3 months was comparable between
the surgical and endovascular groups. Three case series (1 ret-
rospective6 and 2 prospective7,8 (1 with cognitive outcomes)
found no difference in the overall clinical outcome between
clipping and coiling. One retrospective case series9 noted bet-
ter outcome in patients who underwent clipping compared
with coiling.

The initial and definitive management of ruptured cerebral
aneurysm is evolving, with clipping and coiling being alterna-
tive treatments. The outcomes of these treatment modalities
are changing rapidly because of the improved quality of mi-
crosurgery and the development of new endovascular technol-
ogies as well as aggressive detection and management of vaso-
spasm and other complications related to SAH itself.

Patients and Techniques
A retrospective chart review was performed of the records of 195

patients with ruptured intracranial aneurysms managed by the cere-

brovascular service from January 2005 to June 2006.

Treatment Decisions and Protocols
The 3 principals (1 with extensive microsurgery experience, who was

undergoing endovascular training; the second neurointerventional

radiologist with extensive endovascular experience; and the third, a

dually trained endovascular neurosurgeon) took turns to admit pa-

tients to the cerebrovascular service. The decision regarding clipping

or coiling of the aneurysms was made independently by the physician

whom the patient was admitted by on the basis of admission Hunt

and Hess (HH) score, dome/neck ratio, aneurysmal location, and

morphology. The other principals were consulted if necessary. The

remainder of the patients’ preoperative and postoperative manage-

ment was standardized.

All microsurgical and endovascular procedures were carried out

by or under the direct supervision of the 3 principals. In patients who

were treated with endovascular technique, coil embolization with 360

Guglielmi detachable bare platinum coils, with or without balloon

assistance, was performed. Most patients treated by microsurgical

aneurysmal clipping underwent skull base approaches in addition to

hyperventilation, diuretics, and CSF drainage to minimize brain re-

traction, and the procedures were performed as soon as possible. In-

traoperative and postoperative angiograms were performed to look

for aneurysmal obliteration in all patients who underwent clipping or

coiling.

All patients were admitted and were treated in the neurosurgical

intensive care unit under the joint supervision of a neurosurgeon and

a neurointensivist until there was resolution of neurologic (vaso-

spasm, hydrocephalus, hyponatremia) and general medical (infec-

tions, deep venous thrombosis, airway, ventilation) issues. Prophy-

lactic volume expansion therapy and nimodipine were given to all

patients who could tolerate it without pulmonary edema.
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Vasospasm was identified by daily clinical examination, daily

transcranial Doppler (TCD) studies (Table 1), and single-photon

emission CT (SPECT) scans every 2 to 3 days. Asymptomatic mild

to moderate vasospasm by TCD was treated with hypertensive

therapy. Endovascular angioplasty or nicardipine/papaverine in-

jection was performed if the patient had any 2 of the following

criteria: symptomatic vasospasm, severe vasospasm on TCD, or

vasospasm by SPECT scan. The decision to discharge the patient

from the general ward was made by the neurosurgeon in consul-

tation with rehabilitation specialists and the nurses. Outpatient

follow-up was done at 1 month, 3 months, and once yearly after

discharge. A CT angiogram was done on all patients within 3

months after discharge.

Follow-up intra-arterial digital subtraction angiograms were

planned at 6 months and 11

2
to 2 years in patients in whom coiling was

performed and at 11

2
to 2 years in patients in whom clipping was done.

However, because of the length of the follow-up, approximately half

the patients did not complete the studies.

Data Collection
Data collected included pretreatment variables of age, sex, and co-

morbidities (hypertension, smoking, high cholesterol level, diabetes,

atherosclerotic disease, any other) of the patient, family history of

aneurysms, admission grades (HH, World Federation of Neurosurgi-

cal Societies [WFNS], and Fisher), the presence of intracerebral hem-

orrhage (ICH), the location, size, and dome-to-neck ratio of the an-

eurysm. Management data included treatment technique (coiling or

clipping) and complications related to treatment. Outcome measures

involved moderate or severe vasospasm and its management, length

of stay in the intensive care unit (ICU), hydrocephalus and brain

infarcts, 3-month modified Rankin Scale (mRS), mortality, and dis-

charge destination.

Analysis
We performed statistical analysis after dichotomizing the pretreat-

ment variables with HH (I-II, good; III-V, bad), Fisher (I-II, good;

III-IV, bad), and WFNS grades (I, good; II-V, bad).

Outcomes of all Patients
We analyzed the outcomes of ruptured aneurysms after classifying

the outcomes by the mRS as no disability (mRS, 0 –1), mild dis-

ability (mRS, 2), disabled for daily activities of living (mRS, 3–5),

and dead (mRS, 6). The probability of pretreatment variables to

predict 3-month mRS were analyzed by multivariate logistic re-

gression analysis. We analyzed the outcomes after classifying them

according to the main pretreatment predictors. The admission

WFNS grades of our patients were compared with those of patients

in the ISAT study.4 The outcome (3-month mRS) of our patients

was compared with the outcome (1-year mRS) of patients as re-

ported in the ISAT study.

Comparison of Patients in the Clipping and Coiling
Groups
The clipping and coiling groups were compared with regard to the

pretreatment variables and aneurysmal characteristics. The difference

in the neck-to-dome ratios and the age of the patients was calculated

by the Mann-Whitney Test.

The difference in vasospasm rates, interventions for vasospasm,

ICU stay, discharge destination, mortality, and outcome (3-month

mRS) between the clipping and coiling groups was analyzed by mul-

tivariate logistic regression analysis (linear regression for ICU stay). In

addition, the immediate complication rates, incomplete occlusion

rates, regrowth, rebleed, and retreatment rates of the clipping and

coiling groups were compared.

Results

Patient Profile
A total of 195 patients (204 aneurysms) with aneurysmal SAH
were admitted from January 2005 to June 2006. The average
age of the patients was 53 � 13 years, and the male-to-female
ratio was 1:1.91. There were 105 (55%) patients who under-
went clipping, and 87 (45%) who underwent coiling. Three
patients died before they were selected for clipping or coiling.
Four patients crossed over from the coiling to the clipping
group because of technical difficulty with the procedure. By-
pass was used in 11 patients as an adjunct to microsurgical
clipping or trapping of the aneurysm. The indications for the
performance of a bypass were inability to preserve the parent
vessel or a major branch vessel during clipping and inability to
successfully coil or clip the aneurysm without a bypass. The
subgroups of the aneurysms are shown in Table 2 tabulated by
their location and the technique of treatment.

Outcomes of All Patients
On the basis of the 3-month mRS, 69% of patients had no or
mild disability and were not restricted for daily activities of
living (Fig 1A). There were 31% of patients who were moder-
ately or severely disabled or had died after treatment of SAH.

Table 2: Distribution of aneurysm groups and their location

Location Total (%) Clip (%) Coil (%)
Anterior communicating artery 72 (37.50) 34 (32.38) 38 (43.68)
Vertebrobasilar system 31 (16.15) 17 (16.19) 14 (16.09)
Internal carotid artery 21 (10.94) 15 (14.29) 6 (6.90)
Middle cerebral artery 25 (13.02) 21 (20.00) 4 (4.60)
Posterior communicating artery 27 (14.06) 14 (13.33) 13 (14.94)
Pericallosal 11 (5.73) 1 (0.95) 10 (11.49)
Multiple 5 (2.60) 3 (2.86) 2 (2.30)
Total 192 105 (54.69) 87 (45.31)

Table 1: Transcranial Doppler criteria for vasospasms after SAH

Vasospasm

MCA Vasospasm BA Vasospasm ACA Vasospasm VA Vasospasm PCA Vasospasm

MCA Velocity (cm/s)
& MCA/ICA Ratio

BA Velocity (cm/s)
& BA/VA Ratio

ACA Velocity
(cm/s)

VA Velocity
(cm/s)

PCA Velocity
(cm/s)

Mild �120 & �3 �70 & �2
�130 �80 �110Moderate �150 & �3 �85 & �2.5

Severe �200 & �6 �85 & �3

Note:—SAH indicates subarachnoid hemorrhage; MCA, middle cerebral artery, ICA, internal carotid artery; BA, basilar artery; VA, vertebral artery; ACA, anterior cerebral artery; PCA,
posterior cerebral artery.
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Admission HH grades (P � .001) and ICH (P � .013) were
significant independent predictors of the 3-month mRS by
multivariate analysis. Comorbidity showed a trend toward
predicting the mRS at 3 months (Table 3).

Of the patients who presented with ICH, at 3 months 44%
had mRS of 0 to 2 and 56% were disabled (mRS, 3–5) or had
died. Of patients who had no ICH, at 3 months 78% had no or
mild disability (mRS, 0 –2) and 22% were disabled (mRS, 3–5)
or had died (Fig 2B).

When grouped according to admission HH grades, 85% of
patients with grades I and II, 60% of patients with grades III and
IV, and 35% of patients with grade V recovered to mRS of 0 to 2
at 3 months. (Fig 2A). Of patients with grade V who were older
than 60 years (12/46; 26.1%), 1 recovered to mRS of 1, 4 were
disabled (mRS, 3–5), and the remaining patients had died at 3
months. Of patients with grade 5 who were younger than age 60
years (34/46; 73.9%), 15 (44.1%) of 34 had no or mild disability
(mRS 0 or 1 in 7 patients and mRS 2 in 8 patients), and 19 (55.9%)
were disabled (mRS, 3–5; n � 8) or had died (n � 11) at 3
months.

Comparison with the ISAT Study. The patients in our
study had worse WFNS grades than patients in the ISAT study

(Fig 3A). There were 38% of patients in our study who were
admitted with WFNS grades IV or V, whereas only 6% of
patients in the ISAT study had admission WFNS grades IV of
V. The outcomes (mRS) in our patients at 3 months were
comparable with the 1-year outcomes (mRS) of patients in the
ISAT study (Fig 3B).

Comparison Between Clipping and Coiling Groups
The clipping and coiling groups were different in that the admis-
sion HH, WFNS, and Fisher grades were worse in the coiling
group as shown in Table 4, and in the locations of the aneurysm
(especially the middle cerebral artery, internal carotid artery, and
pericallosal aneurysms) as shown in Table 2. The median dome-
to-neck ratio was larger in the coiling group at 2.45 (confidence
interval, 2.16–2.74) compared with the clipping group at 1.92
(confidence interval, 1.64–2.24), and this was significant (P�
0067; confidence interval, 0.14–0.80).

The incidence of TCD-diagnosed vasospasm (66% vs 52%)
(P � .022) was significantly greater in the clipping than in the
coiling group after controlling for the differences in the pre-
treatment variables (Table 5). There was a larger in-hospital
mortality in the coiling group (16% vs 9%), but this was not
significant (P � .220) after controlling for the differences in
the pretreatment variables (Table 5). A significantly greater
proportion of patients were sent to inpatient rehabilitation
after the clipping procedure (35% vs 23%; P � 034). A signif-
icantly greater proportion of patients were sent home after the
coiling procedure (49% vs 44%; P � .022).

Patients in the coiling group had a worse average mRS
(2.28 � 2.29 vs 1.73 � 1.81) at 3 months compared with pa-
tients in the clipping group, but this was not significant (P �
.613) after controlling for the differences in the pretreatment
variables by multivariate analysis (Table 5). The mortality at 3
months was much higher in the coiling group (21% vs 9%),
but this was not significant (P � .116) after controlling for the
differences in the pretreatment variables. The cause of death in
all of the patients was directly or indirectly related to SAH and
its consequences and not related to clipping or coiling.

Fig 1. Pie chart showing the outcomes in the entire group of patients with SAH (DALY indicates daily activities of living).

Table 3: Statistical P values of pretreatment variables as predictors
of three-month mRS outcomes considered simultaneously

Variables All Aneurysms
Age .150
Sex .927
Comorbidity .095*
Admission HH .001†
Admission Fisher .102
Admission WFNS .626
Location .316
Size �1 cm .986
Multiple aneurysms .302
Family history .507
ICH .013†

Note:—mRS indicates modified Rankin Scale; HH, Hunt and Hess; WFNS, World Feder-
ation of Neurosurgical Societies; ICH, intracerebral hemorrhage.
* Value shows a trend toward statistical significance.
† Values are statistically significant.
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Immediate Treatment Failure and Rebleed
Four patients who were chosen for coiling could not un-
dergo the procedure. Two patients had tortuous carotid
vessels, which made access to the circle of Willis difficult. In
the third patient, who was admitted with HH grade V SAH

and a P1 segment aneurysm, the aneurysm could not be
selectively accessed for coiling, and this patient died before
any further treatment could be done. A fourth patient with
a vertebrobasilar aneurysm, who was admitted with a grade
I HH SAH, had coil migration into the middle cerebral
artery through the posterior communicating artery during
coiling and intraprocedural rupture of the aneurysm; this
patient subsequently died. The immediate incomplete oc-
clusion rate after coiling was 18 (22.2%) of 81. Of these, 14
patients had only neck remnants (Raymond class II), and 4
patients had neck and sac remnants (Raymond class III).
The immediate incomplete occlusion rate after clipping was
7 (7.6%) of 104, all of whom had only neck remnants (Ray-
mond class II).

One (1%) patient in the clipping group who had an appar-
ently complete occlusion of an anterior communicating artery
aneurysm on postoperative angiography had a rebleed from
aneurysmal regrowth from a posterior neck remnant 1 month

Fig 2. Graph showing the outcomes and disabilities of patients according to their admission HH (A) and the presence or absence of ICH (B) in the entire group of patients with SAH.

Fig 3. A, Graph showing a comparison of the admission WFNS grades in our patients to that of patients in the ISAT study. B, Graph showing a comparison of the outcome in our patients
(3 month mRS) to that of patients in the ISAT study (1 year mRS).

Table 4: Pretreatment variables in patients with SAH

Variables Clip (%) Coil (%)
Age �50 y 65 (61.90) 58 (66.67)
Male:female 1:1.84 1:2
Comorbidity 74 (70.48) 64 (73.56)
Average admission HH 2.51 � 1.53 2.85 � 1.65
Average admission Fisher 3.18 � 0.93 3.27 � 0.90
Average admission WFNS 2.32 � 1.66 2.64 � 1.72
Size �1 cm 19 (18.10) 18 (20.69)
ICH 29 (27.62) 22 (25.29)
Family history 4 (3.81) 1 (1.15)

Note:—SAH indicates subarachnoid hemorrhage; HH, Hunt and Hess; WFNS, World
Federation of Neurosurgical Societies; ICH, intracerebral hemorrhage.
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later, and the aneurysm was obliterated completely by clipping
with an A3-A3 bypass. There were no rebleeds in the coiling
group.

Follow-Up Angiograms and Retreatment
Eighteen patients in the coiling group had died at 3 months. Of
the remaining 65 patients, 42 (64.6%) had a follow-up angio-
gram approximately 6 months after the procedure. Of these,
12 patients were found to have had a recanalization of their
aneurysms (total occlusion to neck remnant in 11 [Raymond I
to II] and coil compaction in a patient who had a neck and
dome remnant [worsening of Raymond III]). Of these 12 pa-
tients, 6 were treated again, 5 by clipping and 1 by stent-as-
sisted coiling. The patients in whom clipping was performed
had no remnants postoperatively; the patient in whom coiling
was performed still had a neck remnant.

Nine patients in the clipping group had died at 3 months.
Of the remaining 99 patients, 12 (12.1%) had follow-up an-
giograms approximately 18 months after the procedure. One
patient had a rebleed and has been discussed above. The re-
maining 11 patients did not have a recurrence of the
aneurysms.

Procedural Complications
In 1 patient admitted with a P1 segment aneurysm, the aneu-
rysm could not be selectively accessed for coiling, and this
patient died before further treatment could be done. Another
patient with a vertebrobasilar aneurysm had coil migration
into the middle cerebral artery through the posterior commu-
nicating artery during coiling and intraprocedural rupture of
the aneurysm; this patient subsequently died. One (1.2%) pa-
tient in the coiling group had coil perforation (basilar apex
aneurysm), which was managed successfully by the inflation of
the balloon and the placement of additional coils. Four (4.6%)
patients in the coiling group had groin complications.

Two patients in the clipping group (both had anterior
communicating artery aneurysms) had minor intraoperative
aneurysmal ruptures, which were managed uneventfully by
standard surgical techniques. One patient with an anterior

communicating artery aneurysm had a rebleed, which was
managed by reclipping, and an A4 to A4 bypass (due to occlu-
sion of one A2 vessel). Five (4.8%) patients in the clipping
group had postoperative superficial wound infections.

One patient with HH grade V with an anterior communi-
cating artery aneurysm had a rupture of the A1 segment dur-
ing balloon angioplasty. The catheter was immediately with-
drawn, the balloon was inflated on the ipsilateral carotid
artery, and the A1 segment was occluded by coils. CT scan after
angioplasty showed massive increase in SAH, and the patient
died in the hospital. There were no other complications after
angioplasty in this series.

Hydrocephalus and Cerebral Infarction
The incidence of shunt-dependent hydrocephalus was 14
(13.3%) versus 13 (14.9%) in patients treated with clipping
and coiling, respectively. All patients had follow-up CT scans
of the head after their treatment. Seventeen (19.5%) patients
in the coiling group and 12 (11.4%) in the clipping group had
cerebral infarctions in the vascular territory of the parent ves-
sel of the aneurysm treated on the follow-up CT scans. All of
these patients had vasospasm (TCD diagnosed) in the same
vascular territories after treatment, and there was no immedi-
ate temporal relationship between clipping and coiling and the
development of infarction in any of these patients. Of the pa-
tients who had cerebral infarctions in the vascular territory of
the parent vessel, 1 in the coiling group had a decline in neu-
rologic condition 3 days after coiling, and 2 in the clipping
group had neurologic decline 2 days after clipping. All 3 of
these patients had vasospasm in the territory of the parent
vessel. There was no change in neurologic condition in the
other patients with evidence of cerebral infarction on CT.

Discussion

Statistical Analysis
Logistic regression analysis was chosen in an attempt to ade-
quately compare the outcomes despite pretreatment differ-
ences in the patients treated by each method. We dichoto-
mized the admission HH, Fisher, and WFNS scores because
the levels, though ordered, are not designed to be an equal
distance apart. As shown in Table 4, there are substantial pre-
treatment differences between the groups receiving alternate
treatments, some of them in variables related to outcome.
These pretreatment differences can confound comparisons
(ie, the unadjusted outcome might be reflecting the pretreat-
ment differences), in addition to the effect of treatment. Lo-
gistic regression was used to attempt to statistically control for
these differences. Although the methods adjust for the pre-
treatment differences included, they cannot adjust for vari-
ables that were not measured and might incompletely adjust if
the true relationships among variables are more complex than
those included in the model used. These are, however, meth-
ods that are commonly used in trying to evaluate treatment
effects from nonrandomized studies.6

Outcomes of All of the Aneurysms
In 1993, Longstreth et al,10 conducted a population-based
study on the outcomes of SAH in King County, Washington.
In that study, 68% survived to 1 month after the bleed and

Table 5: Differences in vasospasm rates, ICU stays, discharge
destination, and outcomes between clipping and coiling before and
after controlling for pretreatment variables

Variables Clip Coil P Value
Average ICU stay (days)* 15.3 12.8 .153
No. TCD vasospasm (%) 65.7† 51.7† .022†
No. papaverine/nicardipine (%) 16 10 .165
No. angioplasties (%) 18 11 .126

Discharge destination
Home‡ (%) 43.8† 49.4† .022†
Rehabilitation‡ (%) 35.2† 23.0† .034†
Skilled nursing facility‡ (%) 12.4 11.5 .709

Outcomes
In-hospital mortality (%) 8.6† 16.1† .220
3-month mortality (%) 8.6† 20.7† .116
Average 3-month mRS 1.73† 2.28† .613

Note:—ICU indicates intensive care unit; TCD, transcranial Doppler studies; mRS, modified
Rankin Scale.
* Analyzed by linear regression analysis.
† Values are statistically significant.
‡ Analysis after excluding patients who died in the hospital.

AJNR Am J Neuroradiol ●:● � ● 2008 � www.ajnr.org 5



62% to 1 year. At 1 month after the bleed, approximately one
third of patients had died, one third had neurologic deficits,
and one third were doing well (mRS, 0 –2). In our series, only
31% of patients in the group of all ruptured aneurysms had
died or had become disabled (mRS, 3– 6) at 3 months, com-
pared with previous reports wherein 70% of patients had ei-
ther become disabled or had died.1,10-14 Even after accounting
for 15% of patients who die before reaching the hospital,2 this
outcome is better than all previous reported series.

Outcomes of the Entire Group by Admission Grades
In 1999, Le Roux et al14 from our institution reported that
86% of patients with HH grades I to III return to independent
function at 3 months (mRS, 2 or better). Of the patients who
were grade IV/V at admission, 38% (54% of those with grade
IV and 24% of those with grade V) recovered to good condi-
tion at 6 month follow-up (mRS, 0 –2). In this series, at 3
months 85% of patients with HH grade I and II, 60% of pa-
tients with HH grade III, 57% of patients with HH grade IV,
and 35% of patients with HH grade V recovered to mRS of 0 to
2. Thus, the outcome of patients with aneurysmal SAH has
considerably improved in the last decade. This may be because
of improved expertise in microsurgery, treatment of appropri-
ate patients with coiling, and the aggressive treatment of
vasospasms.

Patients with a HH grade IV SAH had outcomes equivalent
to patients with HH grade III SAH. Patients with a HH grade V
SAH who are older than 60 years had a dismal outcome at 3
months (91.7% having died or become disabled). In patients
with a HH grade V SAH who are younger than 60 years, 44.1%
recovered to mRS of 0 to 2. In future analyses of outcomes of
studies in patients with poor grades, all HH grades should be
done separately, rather than by combining groups. In partic-
ular, patients with HH grade V patients should be analyzed
separately from those with HH grade IV.

Outcomes of the Clipping and Coiling Groups
At discharge, a significantly greater proportion of patients
were sent to inpatient rehabilitation after the clipping proce-
dure and home after the coiling procedure. However, there
was no significant difference in the mortality and outcomes
(mRS) at 3 months between the clipping and coiling groups by
multivariate analysis. The higher mortality and worse out-
come in the coiling group is the result of the difference in the
pretreatment variables (admission grades). These need to be
studied with longer follow-up, with more refined outcome
measures including cognitive outcomes.

Occlusion and Rebleed Rates
Our incomplete occlusion rates in the clipping (7.6%) and
coiling (21.7%) groups were better than those reported for
clipping (17.8%, ISAT; 0.0%–26.3%, other studies) and coil-
ing (33.7%, ISAT; 8.3%–70.4%, other studies).15 Our rebleed-
ing rates in the clipping (1%) and coiling (0%) groups are
comparable with those reported for clipping (1.21%, ISAT;
0.0%–2.27%, other studies) and coiling (3.26%, ISAT; 0%–
5.33%, other studies).15

Vasospasm
Cerebral vasospasm is a major cause of death and disability.7

Several reports6,16-18 describe a lower incidence of cerebral
vasospasm in patients treated with coiling compared with clip-
ping of ruptured intracranial aneurysms. One similar study
found that the risk for vasospasm was lower with clipping than
with coiling.19 In our study, the incidence of TCD-diagnosed
vasospasm was significantly lower in the patients who under-
went the coiling procedure. The degree of vasospasm may be
related to the amount of blood in the subarachnoid space,
clearance of blood by surgery (positive impact), and manipu-
lation of vessels during surgery (negative impact). The differ-
ence in vasospasm requires further study.

Treatment Protocol
On the basis of our study and experience, we have developed a
treatment protocol (not used for patients in this study) that
needs further refinement and validation. Certain aneurysms
can be managed more safely by clipping: aneurysms of 20 mm
or more and less than 2 mm, blister aneurysms, fusiform an-
eurysms in a vessel that does not have collaterals, 2 or more
critical branches incorporated in the aneurysmal neck, and
critical branches from the sac or fundus of the aneurysm. A
vascular bypass followed by clipping or trapping of the aneu-
rysm may be necessary, when clip reconstruction is not possi-
ble in these cases. We restrict the use of stent-assisted coiling in
ruptured aneurysms to endovascular emergencies that neces-
sitate placement of a stent during an endovascular procedure.
In such a patient, a glycoprotein IIb/IIIa inhibitor has to be
administered intravenously, supplemented by oral aspirin and
clopidogrel. This may complicate postoperative management.

Limitations and Applicability of this Study
This is a retrospective study conducted on a small number of
patients. This may have resulted in multiple biases, particu-
larly with respect to clipping or coiling. The data were col-
lected by chart reviews and not by contacting the patients. The
patients were retrospectively matched for their pretreatment
variables and were not randomized. The outcomes were mea-
sured with 3-month mRS, and cognitive outcomes were not
measured. The results of this study can be applied only to
centers with a similar expertise in management of these pa-
tients and where aggressive management of vasospasm is
pursued.

Comparison with ISAT Study
The outcomes at 3 months in our group were comparable with
the 1-year outcomes of patients in the ISAT study, despite the
fact that the admission grades in our patients were worse. The
mortality in our patients was higher than that of the patients in
the ISAT study, which may be explained by the fact that there
were 38% of patients in our study with admission WFNS
grades IV and V, whereas there were only 6% of patients with
WFNS grades IV and V in the ISAT study.

There was much controversy and discussion in the world-
wide neurosurgical community about the results of the
ISAT.20,21 Of the 9559 patients eligible for inclusion, only 2143
(22%) were included in the study. There was no standard pro-
tocol for the postoperative management of patients after treat-
ment. Because of these factors, the results of ISAT cannot be
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generalized to all aneurysms. ISAT is still the best data avail-
able and cannot be challenged by our study. In our study, we
analyzed all aneurysms managed in our institution. The post-
operative management was aggressive and standardized. The
results of treatment of aneurysms in our center may be more
generally applicable, though this warrants further study in
other institutions.

Future Studies
We believe that there is a need for a prospective registry-type
study of all patients treated for ruptured aneurysms, with care-
ful analysis of patient outcomes including return to work, ad-
aptation to daily life, caregiver burden, neuropsychologic out-
come, angiographic outcome, and the costs of treatment. Such
a study could be conducted at a consortium of high-volume
aneurysm treatment centers. An ongoing study such as this
would take into account any “new developments” in technol-
ogy or other modalities of treatment. The results of such a
study may help us to better select the patients for both endo-
vascular and microsurgical treatment. It is highly improbable
that another randomized trial similar to ISAT will be funded
or conducted.

Conclusion
The results of treatment of aneurysmal SAH have improved
compared with previous reports; 69% of patients recovered to
mRS of 0 to 2 at 3 months. More than one third of patients
with poorer grades recovered with minimal or no disability at
3 months. Patients with HH grade IV SAH had outcomes
equivalent to patients with HH grade III SAH. Patients aged
older than 60 years with admission HH grade V SAH had poor
outcomes with either technique.

The immediate incomplete occlusion rate (21.7% vs 7.6%)
was higher in the coiling group. The immediate occlusion,
recanalization and rebleed rates, need for retreatment, and
protocol for selection of technique for retreatment have to be
studied and taken into consideration for selecting patients for
clipping or coiling.
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