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A decade after International Subarachnoid
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treatment in the management of intracranial
aneurysms - Technical feasibility and early
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ABSTRACT

Purpose: The technique of coiling has evolved in the last decade with evolution in both equipment and material. The preferable
treatment of intracranial aneurysms at our center is endovascular coiling. We discuss the technical and management
outcomes of consecutive patients treated with this approach and compare our results with a decade old International
Subarachnoid Aneurysm Trial.

Materials and Methods: Between January 2006 and November 2011, a total of 324 aneurysms in 304 consecutive
patients were treated. Endovascular treatment was done in 308 aneurysms (95.0%) in 288 patients while 16 patients (5%)
underwent surgical clipping. Of the 308 aneurysms treated endovascularly, 269 (87.3%) were ruptured, and 39 (12.7%)
were unruptured aneurysms.

Results: The endovascular coiling was feasible in all (99.6%) but 1 case. The immediate postoperative occlusion status
was complete occlusion in 240 aneurysms (77.9%), neck remnant in 57 aneurysms (18.5%), and aneurysm remnant
in 11 aneurysms (3.6%). Technical issues — with or without clinical effect—were encountered in 20 patients (6.9%).
They included 18 thromboembolic events (6.2%) and intraprocedural aneurysmal rupture in 2 cases (0.7%). In
“good grade” patients, H and H grade 1-3, a good outcome (modified Rankin score [mRS] 0-2) was in 87.6%
patients while the bad outcome (mRS 3-5) was in 10.2% patients and mortality of 2.2%. In “bad grade’ patients,
H and H grade 3-5, a good outcome was in 29.2%, and bad outcome was in 41.7% patients with mortality was
29.1%. In the unruptured aneurysm group, the good outcome was seen in 97.7% and bad outcome in 2.3% with no
mortality.

Conclusions: In the current era, the favorable results of coiling demonstrated in previous studies may be applicable to the
larger proportion of patients. In our series of consecutively treated patients using latest advances, such as three-dimensional
imaging and the interventional material, endovascular management as first choice was feasible in 95% of patients with
good technical and management outcomes.
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the early survival advantage was maintained up to 7 years and
was significant.® In recent times concluded trials like Barrow
Ruptured Aneurysm Trial (BRAT) also concluded that outcomes
of endovascular coiling were better than the surgical clipping.”
Two recent meta-analyses of all major randomized controlled
trials comparing coiling and surgical clipping showed that
the rate of poor outcome at 1-year was significantly lower in
patients allocated to coil embolization.*!

However, there is limited data available on the technical
feasibility and management outcomes of patient treated by
endovascular coiling as the first choice.® In the ISAT and BRAT
trials only 39.8% and 62.3% percentage of patients respectively
were treated by endovascular approach.’* Considerable
advances have taken place in the technical performance of
coils and catheters, in operator experience, technical expertise,
and digital radiographic imaging systems, particularly three-
dimensional angiography, which have all substantially improved
since ISAT trial was started.®'* There are very few studies which
report results of endovascular coiling as the first approach in
consecutive patients however these studies did not publish the
management outcome with their approach.®” In particular,
there has been no large series of endovascular management of
intracranial aneurysm published from this part of the world.

In our hospital neurointervention unit is integrated as part
of the neurosurgery team, and all patients are managed by
the same treatment protocols. The preferable treatment of
intracranial aneurysms at our center is endovascular coiling.
Surgery is reserved for selected cases in which coiling is not
possible or when subarachnoid hemorrhage is associated
with large parenchyma hematoma. We discuss the technical
and management outcomes of consecutive patients treated
with this approach.

Materials and Methods

Patients

Between January 2006 and November 2011, a total of 324
aneurysms in 304 patients were treated by the team. The medical
charts and angiograms of these patients were retrospectively
evaluated. Endovascular treatment was done in 308 aneurysms
(95.0%) in 288 patients while 16 patients (5%) underwent surgical
clipping. Of the 308 aneurysms treated endovascular, 269 (87.3%)
were ruptured, and 39 (12.7%) were unruptured aneurysms. Of
288 patients, 122 were male (42.4%) and 166 were female (57.6%).
Mean age was 48.6 years (age range, 15-83 years) [Table 1].

The clinical status of the patients using the Hunt and Hess
scale, the amount of blood on computed tomography (CT)
according to the Fisher gradel'® are summarized in
Tables 2 and 3. Patients were evaluated by 4 vessel digital
subtraction angiography as well as three-dimensional
angiography to determine the presence and morphology
of the aneurysms [Table 4]. The final outcome at discharge

Table 1: Patient and aneurysm characteristics

Patient characteristics Number (%)
Mean age (years)+SD 48.6+12.02 years
Sex: Male/female 122 (42.4)/166 (57.6)
Total number of aneurysms treated 308
Number of aneurysms treated per patient

1 268(93.0)

2 20 (7.0)

3 o
Size of treated aneurysm

Small (<5 mm) 173 (56.1)

Medium (5-15 mm) 126 (41.0)

Large (>15 mm) 9(2.9)

SD - Standard deviation

Table 2: Clinical status of patients with aneurysms
before endovascular coil treatment

Hunt and Hess grade (on admission) Number of patients (%)

Unruptured 39 (13.5)
I 44, (15.3)
I 133 (46.2)
1l 48 (16.7)
\Y% 22(7.9)
\% 2(0.7)

Table 3: Amount of blood in the subarachnoid space
quantified according to the Fisher grading scale

Fisher grading of SAH Number of patients (%)

Unruptured 39 (13.5)
Grade1 20 (6.9)
Grade 2 63 (21.8)
Grade 3 106 (36.8)
Grade 4 60 (20.8)

SAH — Subarachnoid hemorrhage

Table 4: Aneurysm location (308 aneurysms in 288
patients)

Location Number

Anterior circulation 279
Anterior communicating artery 111
Posterior communicating artery 22
Paraclinoidal aneurysms 8
Middle cerebral artery 55
Internal carotid artery 57
Anterior choroidal artery 9
Pericallossal artery 17

Posterior circulation 29
Basilar artery 7
Posterior inferior cerebellar artery 11
Vertebral artery 5
Superior cerebellar artery 1
Posterior cerebral artery 5
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was evaluated by using the modified Rankin score (mRS).1”
A “good” outcome was defined as a mRS score of 0-2; a “poor”
outcome was defined as a mRS score of 3-6. After the
angiography, each case was discussed in a team including
neurointervention and vascular neurosurgeon. If possible,
endovascular management was preferred as the first choice
for aneurysm occlusion.

Procedure

Endovascular treatment was performed within 2 days after the
rupture in 182 cases (73.0%), between 2 and 7 days after the
rupture in 44 cases (17.6%), and more than 1-week after
the rupture in 23 cases (9.2%). All endovascular procedures
were performed under general anesthesia. If possible, patients
were extubated immediately after the procedure and were
then monitored in intensive care unit. Daily monitoring for
vasospasm was done by transcranial Doppler and in selected
cases with CT perfusion. In cases of neurological deterioration
due to vasospasm, intra-arterial dilatation with nimodipine
was done.

Results

Technical outcome

The endovascular coiling was considered in 309 aneurysms.
Out of the attempted 309 aneurysms it was feasible in
all (99.6%), but 1 case. A case of anterior communicating
artery aneurysm could not be coiled due to complex anatomy
and instability of coil. Surgery was done in 16 cases. The
reason for preferential surgical clipping in these cases was
associated the hematoma, complex anatomy or a combination
of both.

Anatomic results

The immediate postoperative occlusion status was complete
occlusion in 240 aneurysms (77.9%), neck remnant in 57
aneurysms (18.5%), and aneurysm remnant in 11 aneurysms
(3.6%) [Figures 1 and 2] [Table 5]. The balloon assistance was
used in 50 cases (16.2%) [Figure 3], and an intracranial stent
was placed in the parent vessel across the aneurismal neck
in 12 cases (3.9%) [Figure 4]. In 11 cases (3.5%) parent vessel
occlusion was done [Table 6].

Procedural complications

Technical issues — with or without clinical effect — were
encountered in 20 patients (6.9%). They included 18
thromboembolic events (6.2%) and intraprocedural aneurysmal
rupture in 2 cases (0.7%) [Table 7]. In cases of thromboembolic
events, heparin was given to raise the active clotting time
to 300 s and intra-arterial Reopro (Abciximab) was given to
dissolve the clot. In cases of aneurysm rupture, heparin was
reversed, and coiling was continued till there was complete
occlusion of the aneurysm. In all cases a DynaCT (angiographic
CT) (AXIOM Artis FD Biplane Angiosuite; Siemens Medical
Solutions, Forchheim, Germany) was performed. In both
cases with intraoperative rupture, patient did not have any

L
Figure 1: A 54-year-old lady with (a) ruptured right middle cerebral artery
bifurcation aneurysm. (b) Three-dimensional rotational angiography
assessment. (c) Complete occlusion of the aneurysm achieved

Figure 2: A 48-year-old man with (a) large broad neck ruptured mid basilar
artery bifurcation aneurysm. (b) Three-dimensional rotational angiography
assessment. (c) Complete occlusion of the aneurysm achieved

Figure 3: A 28-year-old man with subarachnoid hemorrhage. (a) Large
broad neck right internal carotid artery terminus aneurysm with near
the neck lobule (arrow). (b) Three-dimensional rotational angiography
assessment. (c) Balloon (arrow) assisted coiling of the aneurysm.
(d) Complete occlusion of the aneurysm achieved

®
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Figure 4: A 72-year-old lady with right third nerve palsy. (a) Extremely
tortuous aortic arch. (b) Stent assisted coiling of the right posterior
communicating artery aneurysm. (c) Complete occlusion of the
aneurysm achieved with no complications

clinical deterioration and did not require surgery or external
ventricular drain. Of the 20 patients who experienced
intraoperative complications, postoperative modification
of the clinical status was observed in 7 cases (2.5%). Two
patients died (0.7%), 3 patients had a permanent deficit (1.0%),
and 2 patients had a transient deficit (0.7%). There was
groin hematoma in 3 cases with only 1 case requiring blood
transfusion. One patient developed femoral arterio-venous
fistula at the puncture site which resolved with ultrasound
guided manual compression.

Management outcomes

In “good grade” patients, H and H grade 1-3, a good
outcome (mRS 0-2) was in 87.6% patients while the bad
outcome (mRS 3-5) was in 10.2% patients and mortality of
2.2%. In “bad grade” patients, H and H grade 3-5, a good
outcome was in 29.2%, and bad outcome was in 41.7% patients
with mortality was 29.1% [Table 8]. These are management
outcomes including both treatment complications and clinical
deterioration resulting from subarachnoid hemorrhage such
as vasospasm, hydrocephalus and other clinical issues. There
was clinical deterioration due to vasospasm in 68 (25.3%)
patients which required one or more intra-arterial dilatation
procedures with nimodipine.

In the unruptured aneurysm group, a good outcome was seen
in 97.7% and bad outcome in 2.3% with no mortality.

In hospital rebleeding/retreatment

The early in hospital rebleeding was observed in only one
patient of blister aneurysm of internal carotid artery which was
treated by stent-assisted coiling. However, due to the friable
nature of blister aneurysm, it was not possible to completely
occlude the aneurysm, and there was a massive increase
in the size of the aneurysm in a relatively short duration.
Early retreatment was performed in 2 patients of dissecting
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Table 5: Initial occlusion rate after the coiling
treatment

Degree of occlusion (%) Number of patients (%)

100 240 (77.9)
90-99 57 (18.5)
<90 9(2.9)
<70 2(0.7)

Table 6: Endovascular techniques used in aneurysm
occlusion

Endovascular techniques Number of patients (%)

Single catheter technique 232 (75.3)
Dual catheter technique 3(0.9)
Balloon assistance 50 (16.2)
Stent assistance 12 (3.9)
Parent vessel occlusion 11(3.5)

Table 7: Complications encountered during the
endovascular treatment

Complications Angiographic or

technical (%)

Postoperative modification of
clinical status (%)

Mortality Permanent Transient

deficits deficits
Thrombo-embolism 18 (6.2) 1(0.4) 3(1.0) 2(0.7)
Aneurysm rupture 2(0.7) 1(0.3) o o

Table 8: Management outcomes in 288 patients
treated by endovascular coiling

Clinical grade at Good outcome Bad outcome = Mortality
admission (%) (MRS 0-2) (%) (MRS 3-5) (%)
Hunt and Hess grade 1-3 87.6 10.2 2.2
Hunt and Hess grade 4-5 29.2 41.7 29.1
Unruptured aneurysm 97.7 2.3 0

aneurysms. In both patients of dissecting aneurysms, initial
coiling was done to protect the dome of the aneurysm and
retreatment was done with stent assistance when the initial
period of hemorrhage was over. No complication was observed
during retreatment.

Discussion

The aim of aneurysm treatment is mainly to prevent bleeding
or rebleeding and thereby decrease the risk of death and
dependency. Our study presents the technical feasibility and
clinical outcomes of consecutive patients treated with the
approach of endovascular management as preferred choice of
treatment in patients with intracranial aneurysms.

Traditionally, surgical clipping was considered the treatment
of choice in pre 1990 era. The initial indications for the
endovascular coiling were mainly aneurysms in the posterior
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circulation, patients in poor clinical grade or patients with
multiple medical issues.!'® The ISAT trial which showed an
absolute risk reduction of 7.4% at the outset and a lower death
rate at 1-year follow-up of endovascular coiling as compared
to conventional surgical clipping changed the tide in favor of
the coiling of the aneurysm in many countries.'*#! The long
term follow-up of ISAT trial also showed that the early survival
advantage was maintained up to 7 years and was significant.”?

However, the ISAT was criticized due to selection bias.?*%!
Only aneurysms considered treatable by both techniques were
randomized, resulting in only 22% of patients presenting with
a ruptured aneurysm being included in the study. There were
doubts raised about the experience of the neurosurgeons
involved in the trial. In recent times published BRAT trial
demonstrated that a policy of intent-to-treat by endovascular
coil embolization results in fewer poor clinical outcomes after
1-year of follow-up.” The proportion of patients with a poor
outcome (defined by mRS score >2) was 33.7% in the surgical
group versus 23.2% (P = 0.02, intention-to-treat analysis) in
the endovascular group. The expertise of the neurosurgeons
involved and the fact that nearly 70% of eligible patients were
enrolled in the BRAT trial has further dwarfed the arguments
against ISAT results. The 3 year results of BRAT trial showed
that the outcomes of all patients assigned to coil embolization
showed a favorable 5.8% absolute difference compared with
outcomes of those assigned to clip occlusion although this
difference did not reach statistical significance (P = 0.25).F!
A recent meta-analysis of three major randomized controlled
trials comparing coiling and surgical clipping showed that
the rate of poor outcome at 1-year was significantly lower in
patients allocated to coil embolization (risk ratio, 0.75; 95%
confidence interval [CI], 0.65-0.87). This relative effect is
consistent with an absolute risk reduction of 7.8%.™

Another large meta-analysis of 11568 patients including four
randomized controlled trials and 23 observational studies also
showed that coiling reduced the 1-year unfavorable outcome
rate (odds ratio, 1.48; 95% CI, 1.24-1.76)."! Furthermore,
subgroup analyses from these clinical trials have indicated
that the risks of seizures, delayed cerebral ischemia, ischemic
lesions on magnetic resonance imaging, and in-hospital
complications are lower after coil embolization than after
surgical clip ligation, but the risk of aneurysm recurrence,
the need for retreatment, and the risk of rebleeding from the
index aneurysm are higher after coil embolization. Though,
despite the higher risk of rebleeding, the initial beneficial
effect on functional outcome remained present up to 7 years
after treatment.

However, the percentage of patients treated by coiling in ISAT
and BRAT trials was 39.8% and 62.3% respectively.’*! Last
decade had seen major advances in the technical performance
of coils and catheters including three-dimensional coils,
guiding and distal access catheters, operator experience,

technical expertise, digital radiographic imaging systems,
particularly three-dimensional angiography and use of balloon
and stents for wide neck aneurysms, due to which more and
more aneurysms can be tackled by endovascular approach.t
Therefore, our group has preferred the endovascular approach,
if possible, and with this intent to coil approach the aneurysm
treatment was feasible in 95% of cases. During this period,
surgical clipping was done in 16 (5%) cases. The cases primarily
referred to surgery were with a large hematoma, in which
decompressive hemicraniectomy is required or large dysplastic
complex aneurysms, which would have necessitated stent
assistance in acute subarachnoid hemorrhage (SAH) stage, and
were considered amenable to surgical reconstruction.

There are few studies in the literature with coiling as the
first approach. In the series by Lubicz et al.”) of 167 patients
treated by coiling as first intention, there were 87.3% patients
treated by coiling as the first approach with surgery done
in 12.7% cases. In another large series of CLARITY GDC
study! of 405 patients treated at 19 French centers, treating
aneurysms preferentially by coiling, coils were introduced
successfully into the aneurysms in 402 cases and coiling
failed in 3 of 405 (0.7%), and all 3 patients were subsequently
clipped. In another large multicenter series of 705 ruptured
intracranial aneurysms, 96.9% feasibility of the endovascular
technique was achieved.’? Henkes et al. on their review of
2150 intracranial aneurysms, showed 1811 aneurysms (84.2%)
treated with endovascular coil occlusion, 187 (8.7%) remained
untreated during their period of data collection, and
152 aneurysms (7.1%) were surgically treated."!

Ours is the only large single center study with coiling as the
first choice in consecutive patients, which describes both
technical and final management outcomes in the patients
treated by coiling as the first choice. The technical success
thus achieved is comparable to the other studies published.

In all the treated aneurysms, there was complete occlusion
achieved in 77.9% aneurysms and neck remnant in 18.5%
aneurysms and aneurysm remnant in 3.6% aneurysms in our
series. The ISAT revealed a complete occlusion rate of 66%
(584 of 988) in the coiled patients, whereas other case series
of ruptured coiled aneurysms revealed complete occlusion
rates ranging from 33% to 81%!'°**# [Table 9]. Therefore, our

Table 9: Initial occlusion rates of major endovascular
studies

Studies Total number Complete Neck Incomplete
of patients/  occlusion = remnant (n/%)
aneurysms (n/%) (n/%)

Gallas et al.5% 650/705 496 (72.6)  171(25) 16 (2.4)

Henkes et al.53 1579/1811 1192 (65.8) 375(20.7) 192 (10.7)

Willinsky et al.34] 377/391 170 (43) 142 (36) 79 (20)

Cerecyte trial*! 63/67 33(49) 14 (21) 20 (30)
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occlusion rates are comparable, if not better, then the previous
results in spite of a large proportion of aneurysms treated
preferentially by endovascular means in the ruptured state.
This can be attributed to the vast technological advances as
said before.

The majority of procedural complications during endovascular
coil occlusion of intracranial aneurysms are either ischemic
or hemorrhagic. In our series, we found technical issues
in terms of ischemic complication in 6.2% of and 0.7%
cases of aneurysmal rupture. The postoperative clinical
deterioration was seen in total 2.5%. The reported frequency
of ischemic complications ranges from 2.5% to 11.0%.5>3!
In their literature meta-analysis, Brilstra et al.*!! reported a
12% procedural complication rate in 1256 aneurysms, including
ischemic events (8.5%) and aneurysm perforations (2.4%). In
our series low ischemic complications can be attributed to the
close monitoring of activated clotting time and if clot forms,
early use of lytic agents like Abciximib (Reopro) to prevent
clinical complication.

Procedural aneurysm perforations are less frequent than
ischemic events.#¥ A frequently quoted rate is 2-3%, although
in a recent series it is <1%.1% Use of three-dimensional
rotational angiography, ultrasoft coils helps in preventing this
dreaded complication. The authors have already published on
the safety of coiling of very small <2 mm aneurysms, which
are very high risk for rupture.”® In our 2 cases of rupture,
the steps taken after the rupture was detected, includes
medically induced hypotension, reversal of anticoagulation,
coil occlusion of the perforation site, and the use of a balloon to
temporarily occlude the artery.'*#44%l The external ventricular
drainage, surgical evacuation of an intracerebral hematoma,
or the emergency clipping of the perforated aneurysms were
not required in our cases."*”

In “good grade” patients, H and H grade 1-3, a good
outcome (mRS 0-2) was in 87.6% patients while the bad
outcome (mRS 3-5) was in 10.2% patients and mortality of
2.2%. In “bad grade” patients, H and H grade 3-5, a good
outcome was in 29.2%, and bad outcome was in 41.7% patients
with mortality was 29.1%. The global mortality and morbidity,
including both good and bad grade patients, in our experience,
were 4.8% and 13.2% respectively, and the overall death or
dependency was 18.0%. In comparison the total rate of death
or dependency in ISAT trial was 23.7%, in BRAT" trial 20.4%
and in GDC CLARITY study 23.3%.!"

It is widely known that vasospasm is the cause of major mortality
and morbidity in subarachnoid hemorrhage."® There has been
recent evidence that intra-arterial angioplasty either chemical
or balloon improves the outcomes in patients of vasospasm.*’!
It is possible that aggressive management of vasospasm in our
series using intra-arterial chemical angioplasty may have played
a substantial role in improved outcomes.

Asian Journal of Neurosurgery

Our study is unique that consecutive patients were treated
by same protocol with endovascular unit being part of the
neurosurgery team. This is the first of its kind study from the
Asian continent. In our series of largely ruptured aneurysm,
endovascular treatment was feasible in 95% of patients
with reasonable technical and good clinical outcomes. In the
previous randomized studies, ISAT and BRAT, proportionally
less number of patients were treated by coiling. Although we
treated larger number of patients by endovascular means,
the technical and clinical outcomes were quite favorable.
The good clinical outcomes, in terms of mRs scale, in H and
H grade 1-3 were 87.6%. Therefore, in the current era, the
favorable results of coiling demonstrated in previous studies
may be applicable to the larger proportion of patients. It is our
opinion that use of latest advances such as three-dimensional
imaging and the interventional material along with the
integrated team of neurosurgery and interventionist along
with aggressive management of SAH related complication such
as vasospasm helped in achieving good outcomes which can
be compared favorably with previous studies.

Our study has few limitations. These are the initial management
outcomes only. The long term follow-up of these patients
will be required. Secondly, the angiographic follow-up and
analysis is awaited to assess the issue of recanalization and
retreatment rates.
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