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ORIGINAL RESEARCH
INTERVENTIONAL

Endovascular Treatment of 300 Consecutive Middle Cerebral
Artery Aneurysms: Clinical and Radiologic Outcomes

A.M. Mortimer, M.D. Bradley, P. Mews, A.J. Molyneux, and S.A. Renowden

ABSTRACT

BACKGROUND AND PURPOSE: There is controversy as to the best mode of treating MCA aneurysms. We report the results of a large
endovascular series of patients treated at our center.

MATERIALS AND METHODS: This study was a retrospective analysis of a prospectively acquired data base. All patients with saccular MCA
aneurysms treated between November 1996 and June 2012 were included. World Federation of Neurosurgical Societies grade, aneurysm
site, size, and aneurysm neck size were recorded, along with clinical outcome assessed with the Glasgow Outcome Scale and radiographic
occlusion assessed with the Raymond classification at 6 months and 2.5 years.

RESULTS: A total of 295 patients with 300 MCA aneurysms were treated including 244 ruptured aneurysms (80.7%). The technical failure
rate was 4.3% (13 patients). Complete occlusion or neck remnant was achieved in 264 (91.4%). Complications included rupture in 15 patients
(5%), thromboembolism in 17 patients (5.7%), and early rebleeding in 3 patients (1%). Overall permanent procedural-related morbidity and
mortality were seen in 12 patients (7.8%). Of the ruptured aneurysms, 189 (79.4%) had a favorable clinical outcome (Glasgow Outcome Scale
score, 4 –5). A total of 33 patients (13.6%) died. On initial angiographic follow-up, aneurysm remnant was seen in 18 aneurysms (8.1%). A total
of 13 patients (4.3%) were re-treated.

CONCLUSIONS: Our experience demonstrates that endovascular treatment of MCA aneurysms has an acceptable safety profile with low
rates of technical failure and re-treatment. Therefore, coiling is acceptable as the primary treatment of MCA aneurysms.

ABBREVIATIONS: EVC � endovascular coiling; GOS � Glasgow Outcome Scale; ISAT � International Subarachnoid Aneurysm Trial; WFNS � World Federation of
Neurosurgical Societies

The International Subarachnoid Aneurysm Trial (ISAT) dem-

onstrated an absolute 6.9% reduction in the rate of death or

dependency at 1 year for patients treated with endovascular coil-

ing (EVC).1 ISAT did not, however, address the specific issue of

patients with MCA aneurysms, who represented only 303 (14.1%)

of the 2143 enrolled patients. This has resulted in controversy as

to the best mode of treatment of aneurysms at this location. Sur-

gical clipping remains the standard treatment in many institu-

tions. The anatomic location aids surgical access, and in some

cases, surgery facilitates hematoma evacuation. There is also a

perceived increased risk for EVC at this site because these aneu-

rysms are often wide-neck and have branches arising from the

neck.2,3 Recently, several surgical series have been published that

demonstrate excellent clinical results with low rates of morbidity

and mortality.4-7 Therefore, we analyzed the strategy at our insti-

tution where EVC is the first-line therapy for aneurysm treatment

at any location and focused on the more controversial MCA

aneurysms.

MATERIALS AND METHODS
Patient Population
This was an observational, prospectively collated study of 295

consecutive patients referred to our institution for endovascu-

lar treatment of ruptured and unruptured MCA aneurysms.

All patients underwent primary EVC during a 15.5-year period

(between November 1996 and June 2012). All patients with

SAH were considered for EVC as the primary treatment tech-

nique when a consultant interventional neuroradiologist was

available. Elective cases were discussed at our institutional

neurovascular multidisciplinary meeting. Patients with fusi-

form or dissecting aneurysms and those treated with primary

parent vessel occlusion were excluded from this study. Patient

information, aneurysm characteristics, details of treatment,
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and clinical course were entered prospectively into a data base

and subsequently analyzed.

SAH was confirmed by cranial CT or lumbar puncture and

CSF analysis. Of those with unruptured aneurysms, 21 patients

with 23 aneurysms had previous SAH and delayed treatment of

additional MCA aneurysms or SAH that was clearly the result of

another aneurysm, with the additional MCA aneurysm treated in

the same procedure. Thirty-two patients with 33 MCA aneurysms

diagnosed incidentally were also treated.

Endovascular Procedure
All procedures were performed by consultant interventional neu-

roradiologists (S.A.R., M.D.B., and A.J.M. with 5, 3, and 20 years

of endovascular experience when they started coiling patients

within the study period, respectively). EVC was performed by use

of conventional techniques with the patients under general anes-

thesia and systemic heparinization. A bolus of 3000 –5000 IU of

heparin was followed by continuous infusion via the catheter-

flushing system at a concentration of 5 IU/mL. The aim was to

place coils sequentially into the aneurysmal sac to the point of

angiographic occlusion. Most coils deployed were bare platinum

(Boston Scientific, now Stryker, Kalamazoo, Michigan; Micrus,

now Codman Neurovascular, Raynham, Massachusetts; ev3, now

Covidien, Dublin, Ireland). After diagnostic angiography, the an-

eurysm was selectively catheterized with a microcatheter by use of

standard techniques, through a guide catheter positioned in the

internal carotid artery.

Where necessary, balloon remodeling (12 cases primary treat-

ment, 4 cases re-treatment) and stent-assisted coil embolization

(1 case primary treatment, 1 case re-treatment) were used for the

treatment of wide-neck aneurysms. Intravenous aspirin (500 mg)

was used as a prophylaxis to prevent thromboembolic complica-

tions in both ruptured and unruptured aneurysms, administered

after initial coil deployment when a degree of protection had been

attained. Intravenous aspirin was also administered if a stent was

deployed. Technical failure was defined as an attempted emboli-

zation procedure during which coils could not be deployed safely.

Any procedural or other subsequent complication was recorded

in addition to any deterioration in the patient’s neurologic status

after the procedure. Craniotomy and hematoma evacuation or

decompressive hemicraniectomy were performed to manage he-

matoma/herniation, after coil embolization.

Aneurysms Treated
The aneurysm responsible for hemorrhage was identified by

blood distribution on CT, aneurysm appearance, and vasospasm

distribution. This aneurysm was treated first. Additional aneu-

rysms were treated during the same procedure or after recovery

from hemorrhage. If it was not possible to clearly identify the

ruptured aneurysm, all possible candidates were treated initially,

and aneurysms were classified as ruptured. If contralateral aneu-

rysms were treated at a later date, these were classified as

unruptured.

Clinical and Radiologic Follow-Up
Clinical outcome was independently obtained for all at a 3- to

6-month clinic visit with a specialist neurovascular nurse practi-

tioner and was assessed by use of the Glasgow Outcome Scale

(GOS). Each patient was scheduled to undergo either cerebral

angiography (before 2004: 48 patients) or MRA (since 2004: 174

patients) at 6 months after treatment and then at approximately

30 months after initial treatment. If early recurrence was antici-

pated, initial follow-up was obtained earlier. If recurrence was

demonstrated on MRA, formal conventional angiography was

performed.

The degree of aneurysm occlusion was assessed on immediate

postembolization angiography and on follow-up angiography.

Angiographic and MRA outcomes were determined by the treat-

ing physician and were classified according to the Raymond clas-

sification. An aneurysm was considered stable on follow-up if

there was no increase in contrast filling on angiography or flow on

MRA. Re-treatment was considered in persistent or evolving an-

eurysmal remnants.

RESULTS
Patient Population and Aneurysm Characteristics
Of the 295 patients, 196 (66.7%) were women and 98 (33.3%)

were men. A total of 244 ruptured aneurysms in 242 patients and

56 unruptured aneurysms in 53 patients comprised the study co-

hort. The mean age of the patients in the ruptured cohort was 53.9

years; for the patients in the unruptured cohort, it was 52.7 years

(Table 1). For the 242 patients with SAH, World Federation of

Neurosurgical Societies (WFNS) and Fisher grading is shown in

Table 1.

A total of 264 aneurysms (88%) were located at the main MCA

branching point; 23 (7.7%) were positioned proximal to this lo-

cation, and 13 (4.3%) were positioned more distally. There were

232 aneurysms (77%) that were small (�10 mm) and 64 (21%)

that were large (11–24 mm). Giant aneurysms constituted 1.3% of

the cohort (4 cases), and 93 aneurysms (31%) were wide-neck

(�4 mm). Twenty patients (8.3%) with SAH (other than those

subsequently referred for clipping after a failed attempt at coiling)

went on to have a craniotomy and hematoma evacuation or

hemicraniectomy.

Surgical data were available from 2000 –2012; 51 patients with

Table 1: Descriptive data for the study population

Patient Characteristics

Type of Aneurysm

Unruptured Ruptured
Number of patients (n � 295) 53 242
Number of aneurysms (n � 300) 56 244
Mean (SD) age (y) 52.7 (9.6) 53.9 (12.4)
Median (IQR) age (y) 55.0 (13.5) 53.0 (17)
Age range (y) 29–72 21–84
No. of women (%) 38 (73.1) 158 (65.3)
WFNS scale, n (%)

1 � 136 (56.2)
2 � 38 (15.6)
3 � 25 (10)
4 � 21 (8.6)
5 � 22 (9.1)

Fisher grade, n (%)
I � 11 (4.5)
II � 20 (8.3)
III � 103 (42.6)
IV � 108 (44.6)
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ruptured aneurysms underwent primary surgical clipping. A total

of 36 patients were treated with primary clipping because of either

lack of availability of an interventional neuroradiologist or if the

patient was being treated by a vascular neurosurgeon (most an-

eurysms were clipped before 2003). Eight aneurysms were clipped

because of anatomic considerations after angiography. In 13

cases, the patients were treated with clipping after attempted coil-

ing. In the same period, 16 patients with unruptured MCA aneu-

rysms were treated with elective primary clipping. The indications

were patient choice or difficult aneurysmal morphologic features.

Procedural Success
Initial coiling results are summarized in Table 2. Technical failure

was seen in 13 aneurysms (5 unruptured and 8 ruptured), equat-

ing to 4.3% of treated aneurysms. These patients went on to have

microsurgical clipping.

A total of 215 aneurysms were completely occluded on initial

conventional angiography (71.7%), and neck remnant was seen

in 59 patients (19.7%), resulting in a rate of satisfactory occlusion

of 91.4%. An aneurysmal remnant was seen in 9 patients (3%). In

2 patients, a complication precluded EVC.

Complications
Complications and clinical outcome are summarized in Table 3.

The technical complication rate was 12.9%, including aneurysmal

perforations and thromboembolic events with either silent or

transient symptoms. The overall permanent procedural-related

morbidity rate was 3.8% (11 patients) and mortality rate was 4%

(12 patients), equating to a permanent morbidity and mortality

rate of 7.8% (23 patients). Of those patients who experienced a

technical complication, 26 (68.4%) of 38 had a favorable outcome

(GOS, 4 or 5). When unruptured aneu-

rysms were considered separately, 1 pa-

tient had transient arm weakness that

fully resolved and 1 patient (1.8%) died

as a result of aneurysmal perforation,

but no other permanent complications

were encountered.

Aneurysmal Perforation. Fifteen pa-

tients (5% of procedures) had intrapro-

cedural aneurysmal perforations. In 10

patients, the perforation occurred dur-

ing coil insertion. In 1 patient, the per-

foration was secondary to remodeling

balloon inflation; in another patient,

perforation was secondary to contrast

injection before intervention. When

rupture occurred, heparin was reversed

immediately with protamine; coiling continued to limit the extent

of hemorrhage and occlude the aneurysm; and measures were

used, if necessary, to reduce intracranial pressure via ventricular

drainage of CSF. Six ruptures were clinically silent. Three patients

died after rupture; 12 had an independent outcome (GOS, 4 –5).

Thromboembolic Events. Eighteen patients (6% of procedures)

experienced thromboembolic complications. These were man-

aged by intravenous aspirin and abciximab and induced hyper-

tension. Of these thromboembolic complications, 6 were clinically

silent and 3 were transient. Twelve patients were independent (GOS,

4–5), and 6 patients died.

Rebleeds. Three patients (1.2%) experienced early rebleeds. All

occurred within 24 hours of the procedure, and 3 patients died.

Other Complications. Coil protrusion was noted in 2 patients

with no clinical sequelae.

Clinical Outcome
Of the patients with ruptured aneurysms, 79.8% had a favorable

clinical outcome (GOS, 4 –5). A total of 33 patients (13.6%) died

(Table 4). One of 53 patients with an unruptured aneurysm died

as a result of procedural rupture and was the only patient who

experienced a permanent change in neurologic status as a result of

the procedure. Of the patients who underwent a craniotomy or

craniectomy for management of hematoma or mass effect, 8

(40%) of 20 achieved a clinical outcome of GOS 4. The mortality

rate was 45% in this subgroup.

Anatomic Outcome
Initial follow-up (mean, 7 months; range, 3–17 months) was avail-

able in 219 patients. Allowing for those patients who died, follow-up

was available in 84%. Reasons for no follow-up included a dead or

severe outcome in 38 patients, advanced age in 12 patients, micro-

surgical clipping as a definitive treatment in 13 patients, patient

choice in 7 patients, and unknown reasons in 6 patients.

Medium- to long-term follow-up (mean, 35 months; range,

18 –108 months) was available in 158 patients. Twenty-two pa-

tients were ineligible because they were due this follow-up beyond

the study period. Therefore, medium- to long-term follow-up was

available in 80% of patients who had undergone initial follow-up

Table 2: Initial coiling results

Initial Angiographic Result
Unruptured

Aneurysms (n = 56)
Ruptured

Aneurysms (n = 244) Total (n = 300)
Complete occlusion 29 186 215 (71.7%)
Neck remnant 17 42 59 (19.7%)
Aneurysm remnant 3 6 9 (3.0%)
Technical failure 5 8 13 (4.3%)
Complication precluding coiling 1 1 2 (0.7%)
Missing data 1 1 2 (0.7%)

Table 3: Complications and subsequent clinical outcomes
Complication Aneurysm Rupture Thromboembolic Early Rebleed Other Total

Total number (%) 15 (5.0) 18 (6) 3 (1.2) 2 (0.7) 38 (12.9)
Clinically silent (%) 6 6 2 14 (4.7)
GOS 5 7 10 2 19
GOS 4 5 2 7
GOS 1 (%) 3 6 3 12 (4)

Table 4: Clinical outcomes for patients with ruptured MCA
aneurysms

Clinical Outcome Patients
GOS 5 (%) 170 (70.3)
GOS 4 (%) 23 (9.5)
GOS 3 (%) 15 (6.2)
GOS 2 0
GOS 1 (%) 33 (13.6)
Missing data (%) 1 (0.4)
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and in 66% of the patients who were eligible for late follow-up and

had survived the acute episode. Reasons for halting anatomic fol-

low-up after initial follow-up were advanced age in 17 patients,

out-of-region follow-up in 5 patients, patient choice in 12 pa-

tients, death from unrelated cause in 3 patients, and unknown

reasons in 2 patients.

Initial angiographic follow-up is summarized in Table 5. Com-

plete occlusion was seen in 148 aneurysms (67.6%), a neck remnant

was seen in 53 (23.3%), and an aneurysmal remnant was seen in 18

aneurysms (8.1%). Stable or improved appearances were seen in 178

(81.3%) of 219 aneurysms. Twenty-three (10.5%) showed minor an-

atomic deterioration to the neck remnant but remained satisfactorily

occluded. Of those aneurysms with complete occlusion at postcoiling

angiography undergoing initial follow-up (n�164), the probability

of complete occlusion was 84.1% (138 aneurysms), of a neck rem-

nant was 12.2% (20 aneurysms), and of aneurysmal remnant was

3.6% (6 aneurysms). Of those aneurysms with a neck remnant at

postcoiling angiography undergoing initial follow-up (n�47), the

probability of complete occlusion was 19.2% (9 aneurysms), of a

neck remnant was 70.2% (33 aneurysms), and of an aneurysmal

remnant was 10.6% (5 patients).

A total of 18 aneurysms (8.1%) showed an aneurysmal rem-

nant at initial follow-up, 6 had shown a similar aneurysmal rem-

nant on immediate postcoiling angiography, and 12 aneurysms

demonstrated deterioration from complete occlusion or a neck

remnant to an aneurysmal remnant. Aneurysmal remnants were

more common in patients with large and giant aneurysms com-

pared with small aneurysms at follow-up (15.6% vs 6.3%; P �

.04). Wide-neck aneurysms were also significantly more common

in patients who showed an aneurysmal remnant at follow-up

compared with those with complete occlusion (19.6% vs 55.6%;

P � .001). There were 13 (4.3%) of these patients who were re-

treated (12 with further coiling and 1 with microsurgery). The

remaining 5 patients showed a stable aneurysmal remnant and

were treated conservatively.

A total of 158 patients underwent long-term follow-up: 110

patients (69.4%) showed complete occlusion, 43 (27.4%) showed

a neck remnant, and 5 (3.1%) showed an aneurysmal remnant. A

total of 150 (95%) patients, including the re-treated patients,

showed stable appearances. A new neck remnant that did not

warrant re-treatment was seen in 7 patients, and new aneurysmal

remnant was seen in only 1 patient.

Re-Treatment
Twelve of 13 recurrent aneurysms were re-treated (4.3% of all

aneurysms) with coil embolization and 1 with microsurgical clip-

ping. One of 12 endovascular patients required 4 additional treat-

ments for a recurrent, large, wide-neck aneurysm; she refused

surgery. Subsequent angiographic fol-

low-up was available in these patients,

and 5 achieved complete occlusion (in-

cluding 1 patient who underwent mi-

crosurgery), 4 showed a neck remnant,

and 4 showed a residual aneurysm. Stent

or balloon-assisted coiling was used in 5

recurrent aneurysms. No morbidity or

mortality was related to EVC.

DISCUSSION
Controversy has existed as to the best mode of therapy for MCA

aneurysms. The anatomy of MCA aneurysms is often considered

more favorable for surgical treatment because of the frequency of

a wide-neck configuration with incorporation of MCA branches

that are technically more challenging to treat by EVC. ISAT dem-

onstrated that 116 (71.6%) of 162 endovascular patients and 100

(71.9%) of 139 surgical patients attained independence (mRS,

0 –2)8; however, MCA aneurysms were relatively underrepre-

sented in ISAT, owing to the absence of clinical equipoise at the

time of recruitment. This has led to criticism of the practice of

applying ISAT to MCA aneurysms and the generalized adoption

of EVC for aneurysms at this location. We therefore review the

clinical and radiologic outcomes of this series in the context of the

endovascular and surgical literature.

Clinical Outcome in Patients with Ruptured Aneurysms
Favorable clinical outcomes (mRS, 0 –2) for ruptured aneurysms

at all locations in ISAT1 and CLARITY9 (Clinical and Anatomical

Results in the Treatment of Ruptured Intracranial Aneurysms, a

multicenter prospective study of consecutively coiled patients)

were 76.3% and 72.3%, respectively, with the proportion of favor-

able presenting clinical grade patients (WFNS, 1–2) being 88%

and 65.7%, respectively. Favorable clinical outcomes (mRS, 0 –2

and GOS, 5) in other large series of ruptured MCA aneurysms

comprising at least 50 patients treated with EVC, are within the

67%– 85% range.10-14

In the present study, the largest published single-center expe-

rience to date, patients with consecutive ruptured MCA aneu-

rysms achieved good outcome (GOS, 5) in 70.3% and favorable

outcome (GOS, 4 and 5) in nearly 80%, with the proportion of

favorable presenting clinical grade patients (WFNS, 1–2) being

72%. We were able to directly compare the results of our present

study to a large audit of ruptured aneurysms at all locations

treated through EVC at our institution with similar distribution

of clinical grade.15 In this study, 711 patients with 717 ruptured

aneurysms were reviewed. In the 605 patients with aneurysms at

all locations other than the MCA, favorable outcome (GOS, 4 and

5) was seen in 490 (80.9%). Mortality occurred in 89 patients

(14.7%). Statistical comparison of clinical outcomes for patients

with ruptured MCA aneurysms in the present study showed no

significant difference in the favorable outcome (P � .58) or mor-

tality (P � .69).

Other than the ISAT8 results, prospective data on outcomes

for clipping of ruptured MCA aneurysms are lacking. In 1990, The

International Cooperative Study on the Timing of Aneurysm Sur-

gery,16 a multicenter prospective observational study, included

786 patients with ruptured MCA aneurysms. A total of 480 pa-

Table 5: Angiographic outcomes at initial follow-up

Characteristic
Complete
Occlusion

Neck
Remnant

Aneurysm
Remnant Re-treatment

All aneurysms (n � 219) 148 (67.6%) 53 (23.3%) 18 (8.1%) 13 (5.9%)
Ruptured aneurysms (n � 175) 117 42 16 13
Unruptured aneurysms (n � 44) 31 11 2 0

Small (�10 mm) 137 26 11 6
Large (11–24 mm) 9 26 6 6
Giant (�25 mm) 2 1 1 1
Wide-neck (�4 mm) 29 24 10 7
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tients (61%) achieved good outcome (GOS, 5) at 6 months. Fol-

lowing this, Rinne et al17 published one of the largest series of

561 patients with 690 MCA aneurysms, 91% presenting with

SAH and 80% with Hunt and Hess grades I–III. Overall favor-

able outcome (GOS, 5) was 60%. Poor outcomes (GOS, 1–3)

were seen in 32%, and this rate was higher in large or giant

aneurysms. It is surprising to note that there were significantly

more poor outcomes among patients with ruptured MCAs

than among those with any other anterior circulation aneu-

rysms (32% and 25%, respectively).

After ISAT, several single-center studies have been published.

Güresir et al18 treated 168 patients with ruptured MCA aneu-

rysms. Favorable outcome (mRS, 0 –2) was 55% at 6 months. At

the other end of the scale, among 80 patients treated by Van Dijk

et al,7 including 67% with WFNS grades I–II, 80% achieved an

mRS of 0 –2 at longer-term clinical follow-up (mean, 4.7 years). In

one of the largest and most complete recent series, Rodrı́guez-

Hernández et al4 treated 282 ruptured MCA aneurysms with 78%

of patients presenting with Hunt and Hess grades I–III; favorable

outcomes (mRS, 0 –2) were achieved in 70.2%.

These results are similar to those achieved in the present study

by using EVC. Therefore, although the conservative view is that

surgery should remain the treatment of choice of ruptured MCA

aneurysms, except when there are extenuating comorbidities or

overriding patient preferences, we believe that for the range of

ruptured MCA aneurysms, at least equivalent clinical outcomes

to the best surgical series can be obtained by use of conventional

endovascular techniques.

Coiling in the Presence of Intracerebral Hematoma
One of the traditional advantages of a clipping strategy is that it

allows hematoma evacuation. An alternative approach is to pro-

tect the aneurysm before evacuation through coiling. It is possible

that this approach is more advantageous because hematoma evac-

uation in the presence of an unprotected aneurysm may initiate

intraprocedural rupture.19 Furthermore, clipping may require a

more extensive surgical exposure to access the aneurysm, perhaps

involving retraction of contused parenchyma, which can result in

edema or ischemia20; this would no longer be required. By use of

this approach in the present series, of 20 patients with WFNS

grades III or higher (14/20 were grades IV and V), 40% of patients

achieved an outcome of GOS 4. Other small series have also

achieved more impressive outcomes in poor-grade patients by

using this approach.21

Technical Success
The coiling procedure was successfully performed in 94.4% of

aneurysms with posttreatment imaging, demonstrating that

71.7% were completely occluded and 19.7% exhibited a neck

remnant, equating to a satisfactory occlusion rate of 91.4%. The

technical failure rate was 4.3%. These results are very similar to

the results of a systematic review of 12 series comprising a total of

1030 patients with 1076 MCA aneurysms (500 patients had rup-

tured aneurysms, and 541 had unruptured aneurysms).22 In that

study, the EVC failure rate was 4.8% (95% CI, 3.7%– 6.3%). Over-

all, 82.4% (95% CI, 80.0%– 84.6%) of MCA aneurysms were

completely or nearly completely occluded at immediate postop-

erative angiographic follow-up, and 12.7% (95% CI, 10.9%–

14.9%) were incompletely occluded. Prospective data specifically

for MCA aneurysms are available from the results of the ATENA

(Analysis of Treatment by Endovascular Approach of Nonrup-

tured Aneurysms) study, which included 86 unruptured MCA

aneurysms.23 Complete occlusion was achieved in 69.4%, neck

remnant in 19.4% (adequate occlusion in 88.8%), and aneurys-

mal remnant in 11.3%. In the CLARITY study, 105 MCA aneu-

rysms were included. Complete occlusion was achieved in 45.7%,

neck remnant in 39% (adequate occlusion in 84.7%), and aneu-

rysmal remnant in 15.2%.24 It is important to note that though

occlusion rates were lower in this study, the results did not differ

significantly from other anterior circulation locations.

We hope that this case series dispels the contradictory conclu-

sions of previous publications,2,3 suggesting that EVC is appro-

priate only in a minority of MCA aneurysms. Our experience, and

the experience of others, concludes that EVC is feasible in most

aneurysms.

Short-Term Follow-Up
Initial angiographic follow-up demonstrated satisfactory occlu-

sion in 92% of aneurysms, with 8.1% showing residual aneurysm.

A total of 81% of MCA aneurysms, most treated as part of a coil-

first policy, were stable or showed improved appearances at initial

angiographic follow-up. A systematic review of 748 MCA aneu-

rysms treated by endovascular means also showed angiographic

stability or progression to better obliteration in 81% of patients

undergoing follow-up angiography.22 In the CLARITY study,25 of

53 patients undergoing midterm follow-up, 57.4% (95% CI,

44.8 – 69.3) showed stability or improved appearances and 42.6%

(95% CI, 30.7–55.2) had shown some degree of anatomic wors-

ening, but presumably, this was not significant in most because

77.9% (95% CI, 66.2– 87.1) were classified as having adequate

occlusion. Although the rate of anatomic worsening was higher in

other studies, the rate was very similar to that at other anatomic

locations and was not specific for MCA aneurysms.

Adjunctive Therapies
In this series, bare platinum coils were the mainstay of treatment

during a long enrollment period, with many aneurysms treated by

use of old-generation technology. The use of adjunctive devices

such as stent placement or balloon remodeling was very infre-

quent, and intra-aneurysmal flow diverters were not used. This

trend may explain the relatively low thromboembolic complica-

tion rate, but also lower rates of complete occlusion compared

with some recently published series on use of adjunctive de-

vices.26,27 Adjunctive devices have been used in 20.4% of other

published MCA series,22 with the aim of obtaining complete oc-

clusion to minimize the risk for subsequent hemorrhage.28

A critical appraisal of the available literature has suggested that

balloon assistance has a very similar safety profile to coiling with-

out remodeling.29 In the CLARITY30 and ATENA31 studies, the

use of a balloon was not associated with significantly increased

rates of thromboembolic events or aneurysmal perforation but

was associated with an increased rate of adequate postoperative

occlusion. Vendrell et al32 treated 63 MCA aneurysms with a bal-

loon remodeling technique. It is interesting to note that they
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found that though this technique allowed treatment of aneurysms

with more complex morphologic features, it was associated with

more recurrences in the long term than were treatments without

balloon remodeling.

Stent assistance may lower recurrence and allow more com-

plete treatment of more complex lesions. However, there are res-

ervations regarding procedural safety. Procedural morbidity and

mortality risks have been shown to be significantly greater in

those patients who have undergone stent-assisted coiling com-

pared with those who have not undergone stent-assisted coiling.33

Procedural morbidity and mortality risks are significantly in-

creased when treating ruptured aneurysms as opposed to unrup-

tured aneurysms with a stent.34 Several series have recently been

published that focus specifically on complex MCA aneu-

rysms.26,27,35 In the largest series, Johnson et al26 treated 100

MCA aneurysms with stent assistance. Follow-up imaging

showed complete occlusion in 90.6% of aneurysms, residual neck

in 3.5%, and residual filling in 5.9%. Four aneurysms (4.7%) re-

quired re-treatment. Long-term MRA follow-up revealed stability

or progressive thrombosis in 97.9%. Permanent morbidity was

seen in 1% and mortality in 1%. These authors suggested that this

treatment method represented a safe and acceptable alternative to

craniotomy.

Intra-aneurysmal flow diverters now represent an additional

treatment option for wide-neck bifurcation aneurysms. Pierot et

al36 treated 34 ruptured and unruptured MCA aneurysms with

the WEB device. Adequate occlusion (total occlusion or neck

remnant) was observed in 83.3% of aneurysms with an acceptable

safety profile; mortality rate of the treatment was 0.0% and mor-

bidity rate was 3.1% (intraoperative rupture with an mRS of 3 at

1-month follow-up).

Long-Term Follow-Up, Re-Treatment, and Surgical
Occlusion Rates: Do They Confer a Long-Term
Advantage?
In the present series, 4.3% were re-treated. In other endovascular

series of at least 50 patients, re-treatment rates varied from 2.4%–

13.9%.10-14,32 It is well recognized that the decision to re-treat

is highly variable.37 Our cohort had no additional morbidity or

mortality relating to the additional procedures, and in line

with previous findings,38,39 the risk for further coil emboliza-

tion did not negate the advantage of the initial embolization.

At late follow-up, including re-treated aneurysms, 157 of 158

aneurysms showed complete occlusion, neck remnant, or sta-

ble aneurysmal remnant. One case showed significant delayed

anatomic deterioration.

Surgical series have shown high rates of complete occlusion.

Each of the series published since ISAT have claimed excellent

rates of initial complete aneurysm obliteration ranging from

89%–98.3%.4,7,18 Long-term angiographic follow-up was avail-

able in only 22%4 and 29%18 in 2 of these series but reported

excellent rates of complete occlusion ranging from 96%–98%.

This is perhaps one of the principal arguments for clipping aneu-

rysms at any location; many of the reservations in the neurosur-

gical literature regarding the use of coiling stem from the lower

rate of complete occlusion. A major limitation of this study was

the lack of long-term morbidity data, and therefore, based on our

data, long-term efficacy was unclear. However, the risk for rerup-

ture occurs mostly within the first year.28,40 Beyond this, the risk

lies between 0.11%28 and 0.21%40 per year. Both ISAT,40 CARAT

(Cerebral Aneurysm Rerupture After Treatment),28 and BRAT

(Barrow Ruptured Aneurysm Trial)41 studies have suggested that

the benefits of coiling are unlikely to be superseded by the risk of

delayed hemorrhage. The predicted risk has been calculated from

the CARAT study, in which 57% showed a neck remnant, and

ISAT, in which 27% showed a neck remnant. Prospectively ac-

quired, independently assessed anatomic data have suggested that

the neck remnant rate is not significantly different for MCA an-

eurysms vs other locations,25 and re-treatment rates, both in our

own series and on systematic review of the literature,22 are not in

excess of re-treatment rates at all anatomic locations.42 Therefore,

the argument that endovascular MCA occlusion rates are low and

result in a greater risk of rebleeding is unlikely to be true. The data

from both CARAT and ISAT also raise the question of how ag-

gressively to manage stable neck remnants. Most of these rem-

nants are likely to be benign. We have noted a trend to manage

neck remnants conservatively. This trend may be reflected in the

proportion of re-treated patients in the more recent Cerecyte43

and HELPS (HydroCoil Endovascular Aneurysm Occlusion and

Packing Study)44 trials compared with ISAT (5.5% and 3%, re-

spectively, vs 17%).

Morbidity and Mortality Outcomes
Aneurysmal perforation was seen in 5% of patients, with perma-

nent morbidity and mortality relating to this at 3%. The perfora-

tion rate lies within the range of previously published studies that

have demonstrated procedural perforation complicating 1%–

8.5% of MCA aneurysm treatments.10-14,32 In 2 large prospective

series of unruptured aneurysms (ATENA)45 and ruptured aneu-

rysms (CLARITY) treated by endovascular means, the perfora-

tion rate for MCA aneurysms was 4.1% and 8.5%, respectively.

We have previously suggested that the rate of aneurysmal perfo-

ration may be higher at the MCA location15; we demonstrated

that MCA aneurysms accounted for 13% of cases but 24% of all

intraprocedural ruptures. In the CLARITY study, the frequency of

procedural perforation was significantly higher in the MCA group

compared with aneurysms at other locations, though the cumu-

lative morbidity and mortality rates of procedural perforation

were not significantly increased.46

The thromboembolic rate was 6%, with permanent morbidity

and mortality rate relating to this at 3%. This rate is lower than in

many large endovascular series10-14 and in prospective series45,46

that demonstrate thromboembolism complicating 7%–19.6%.

We attributed this finding, at least in part, to the routine use of

intravenous aspirin and low use of adjunctive devices, particularly

stents. In other series, aspirin administration was not routine with

ruptured aneurysms that comprised most aneurysms in this se-

ries. In the CLARITY study,46 although the rate of thromboem-

bolic complications was not significantly higher in MCA aneu-

rysms compared with those at other locations, the cumulative

morbidity and mortality rate related to thromboembolic events

was significantly higher in the MCA group than in the non-MCA

group (7.5% vs 3.3%, respectively; P � .038). Therefore, it was
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suggested that the clinical consequences of thromboembolism are

important because of the size and function of the MCA territory.

In this study, 3 patients (1.2%) experienced rebleeds and all

died. All aneurysms appeared completely occluded on postproce-

dure angiography, and all occurred within the first 24 hours of the

procedure. The CARAT study28 demonstrated a risk of rebleeding

at all anatomic locations after complete occlusion by use of coiling

to be 1.8% and clipping to be 0.9%. It appears, therefore, that the

results for MCA aneurysm coiling are not dissimilar to those for

all locations.

Surgical Morbidity and Mortality
Published single-center surgical series specifically focusing on

ruptured MCA aneurysms have variably reported procedural

complication rates. Two recent series have described complica-

tion rates. Güresir et al18 described infarction complicating 5.5%

of cases and periprocedural hemorrhage complicating 5.5% of

cases in their series of 168 cases. Rodrı́guez-Hernández et al4 re-

ported the procedural-related combined morbidity and mortality

to be 1.1% in a series of 282 ruptured MCA aneurysms. Intrapro-

cedural rupture occurred in 7.5%, but there was no permanent

morbidity or mortality relating to this. These results are very im-

pressive and reflect a highly specialized service, but we do ques-

tion whether they can be generalized to the neurosurgical com-

munity as a whole, particularly to centers with modest volume.

Indeed, data base analysis of a large US population (2454 patients)

with ruptured aneurysms from 2006 –2011 at multiple centers

demonstrated that patients treated with clipping demonstrated an

increased likelihood of morbidity, as defined by hospital dis-

charge to long-term care facilities, ischemic complications, and

other postoperative complications, compared with patients

treated with coiling.47 Prospective data on procedural morbidity

and mortality relating to ruptured MCA aneurysm clipping are

lacking, but data from the PRESAT (Prospective Registry of Sub-

arachnoid Aneurysms Treatment) trial48 (40.5% of surgical cases

were MCA aneurysms) show an overall clipping-related compli-

cation rate of 17.2%. This rate included intraoperative rupture

in 6.7%, ischemic complications in 6%, and hemorrhagic com-

plications in 5.4% (the latter included parenchymal contu-

sions, extradural and subdural hematomas, and primary he-

matoma extension).

An additional potential drawback of the use of open neurosur-

gery is the risk for epilepsy. This finding was not assessed in the pres-

ent series, but in late follow-up of ISAT,49 it has been demonstrated

that MCA location is associated with an increased epilepsy risk for

both coiling and clipping but that this risk is significantly greater in

patients who had undergone clipping. In the coiling group, the risk

for epilepsy at 1 year was 2.6% for non-MCA locations compared

with 6.5% for MCA aneurysms. At 5 years, the cumulative risk was

10.3% for the MCA location. For clipping, the risk at 1 year for non-

MCA locations was 4.3%, but for MCA aneurysms, this risk was

11.5% and at 5 years, the cumulative risk was 21.7%.

Surgical and Endovascular Treatment of Unruptured MCA
Aneurysms
A safety profile is key to an effective treatment in the elective

setting. In the endovascular cohort of ISUIA (International Study

of Unruptured Intracranial Aneurysms),50 mortality rate was

1.7% and morbidity rate (mRS, 3–5) was 2.2% in 451 patients. In

our cohort of patients with unruptured aneurysms, the mortality

rate was 1.8%. There was no permanent morbidity. The prospec-

tive ATENA45 study was not powered to compare outcomes by

anatomic location, but the rate of thromboembolism and aneu-

rysm perforation was 9.6% and 4.1%, respectively, for the MCA

location and overall morbidity and mortality rate was 1.7% and

1.4%, respectively. A systematic review22 of 500 patients with 541

unruptured MCA aneurysms treated at 12 centers by EVC dem-

onstrated a permanent procedural morbidity rate of 5.1% and a

mortality rate of 0.3%. ATENA also demonstrated no difference

in anatomic occlusion between the MCA and other anterior cir-

culation aneurysms.

For unruptured aneurysms, several large surgical series from

high-volume centers have demonstrated an excellent procedural

safety profile, with morbidity rates ranging from 2%–6% and mor-

tality rates from 0%–2%.4-6,51 In 2 studies,5,51 approximately half

of all aneurysms treated were � 5 mm and most were � 10 mm in

size. This characteristic may well have contributed to the good

outcomes, as it is evident that increasing age and aneurysm size

are associated with increasing surgical morbidity rates. In the larg-

est series of 263 patients with 339 aneurysms who underwent

surgical clipping in 280 operations, Morgan et al6 assessed risk

based on age and aneurysm size. Patients � 60 years old with an

aneurysm �12 mm constituted a low-risk group with a procedur-

al-related combined mortality and morbidity rate of 0.6% (95%

CI, 0 –3.8). Patients � 60 years old with an aneurysm � 12 mm

had a procedural-related combined mortality and morbidity rate

of 7.4% (95% CI, 1–24.5). Patients �60 years old with an aneu-

rysm size of �12 mm had a procedural-related combined mor-

tality and morbidity rate of 9.3% (95% CI, 4.3–18.3). Patients

�60 years old with an aneurysm size of � 12 mm had a proce-

dural-related combined mortality and morbidity rate of 22.2%

(95% CI, 8.5– 45.8).

These data suggest a good safety profile for small aneurysms

but do raise the specific question of whether EVC would be more

appropriate for older patients with larger aneurysms. Further-

more, whether the results of these surgical series can be extrapo-

lated to general neurosurgical practice is questionable. Multi-

center data are limited, but one source is the ISUIA study. MCA

aneurysms comprised 29% of the prospective ISUIA cohort, and

surgical-related morbidity and mortality was seen in 13.7% of

patients.50 International Classification of Diseases code data base

analysis of 2535 patients with unruptured aneurysms treated be-

tween 1998 and 2000 demonstrated that EVC was associated with

fewer adverse outcomes (6.6% vs 13.2%), decreased mortality

rates (0.9% vs 2.5%), and shorter lengths of hospital stay (4.5 vs

7.4 days).52 Using a similar, but larger data base analysis of pa-

tients treated between 2001 and 2008, Brinjikji et al53 showed that

the percentage of patients discharged from the hospital to long-

term facilities was 14.0% (4184/29,918) for patients who under-

went clipping compared with 4.9% (1655/34,125) of patients who

were treated with coiling (P � .0001). Patients who received clip-

ping also had a higher mortality rate because 344 (1.2%) of these

patients died compared with 215 (0.6%) of patients who received

coiling (P � .0001).
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CONCLUSIONS
Most MCA aneurysms can be effectively treated with EVC,

achieving satisfactory rates of occlusion with acceptable safety

profiles and rates of favorable outcome. For ruptured aneurysms,

clinical results are similar to those for aneurysms at other loca-

tions and also to those achieved in many surgical series. The clin-

ical and anatomic results of this series are also similar to those of a

recently published systematic review, suggesting that they are re-

peatable. Recurrence is, not unexpectedly, more common in gi-

ant, large, and wide-neck aneurysms, but results of prospective

trials suggest that anatomic results are not dissimilar to other

anatomic locations. Therefore, the endovascular approach to

MCA aneurysms is justifiable.
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