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Abstract
Objective In recent years the endovascular treatment of
intracranial aneurysms (coiling) has progressively gained
recognition, particularly after the publication of the Inter-
national Subarachnoid Aneurysm Trial (ISAT) in 2002.
Despite the fact that in ISAT middle cerebral artery (MCA)
aneurysms were clearly underrepresented, the study is often
used as an argument to favor coiling above surgery in MCA
aneurysms. Taken into account that MCA aneurysms are
very well accessible for surgery, a contemporary assessment
of the benefits of a preferred surgical strategy for MCA
aneurysms was performed in a tertiary neurovascular
referral center.
Methods A prospectively kept single-center database of
151 consecutive patients with an MCA aneurysm was
reviewed over a 6-year period (2001–2006). Long-term
follow-up after surgical treatment of a ruptured MCA
aneurysm was obtained in 74 out of 77 (96%) patients.
The outcome was compared with relevant series in the
literature.
Results After a mean follow-up of 4.7 years, 59 out of 74
surgically treated patients (80%) with a ruptured MCA
aneurysm had a good outcome (mRankin 0–2). All patients
with an unruptured MCA aneurysm also had a good
outcome after clipping. This is well-matched with the
findings of the literature search, and competitive with the
endovascular results.

Conclusion Surgical clipping is recommended as the
principal treatment strategy for MCA aneurysms. This is
not only ethically defendable in view of the surgical results
but also in line with a strategy to maintain surgical
experience within centralized neurovascular centers.
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Introduction

For many decades, neurosurgical treatment (clipping)
has been the sole treatment for intracranial aneurysms.
From the early 1990s on, endovascular treatment
(coiling) has progressively become an alternative for
clipping, which was enforced by the publication of the initial
results of the International Subarachnoid Aneurysm Trial
(ISAT) in 2002 [10].

The ISAT randomized patients with a ruptured intracra-
nial aneurysm, in which both clipping and coiling were
deemed valid, were compared for clinical outcome after
either treatment option. Its results after a mean 1-year
follow-up were in favor of coiling, showing an absolute risk
reduction in dependency or death of 6.9%. However, the
recently published 5-year follow-up data demonstrate that
the differences in outcome of the two treatment modalities
have vanished over the years [11]. In a modified intent-to-
treat analysis, disregarding the mortality occurring before
any treatment was instituted, all statistical differences have
even disappeared [1]. Nevertheless, nowadays a substantial
quantity of intracranial aneurysms, both ruptured and
unruptured, are treated by endovascular techniques, also
in vascular territories that were clearly underrepresented in
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ISAT, such as the middle cerebral artery (MCA). It is
remarkable how quickly, particularly in Europe, the attitude
has changed in favor of coiling of intracranial aneurysms,
despite the lack of evidence. This tendency towards coiling
has led to a significant decrease of the neurosurgical
caseload, which has serious implications for the vascular
neurosurgeons in each neurosurgical center, and for the
training of neurovascular fellows.

The University Medical Center Groningen (UMCG) is a
large academic and community-based hospital with a high-
volume neurovascular department, as a tertiary referral
center delivering 24/7 emergency care for patients suffering
an aneurysmatic subarachnoid hemorrhage (aSAH). The
hospital covers a population of 1.7 million people in the
northern part of The Netherlands, with a constant number
of around 120 patients treated for an intracranial aneurysm
each year. In the UMCG neurosurgical center the majority
of MCA aneurysms are preferably treated by clipping, since
MCA aneurysms are very well accessible for surgery, and
because of the specific local angioarchitecture that often
necessitates vascular remodeling of the MCA bifurcations,
which is better coped with by surgical than by endovascular
techniques.

In this paper a contemporary consecutive series of the
preferred surgical strategy for MCA aneurysms is presented
and balanced against the relevant literature.

Methods

A retrospective review of a prospectively kept neurovascular
database was performed for patients with an MCA aneurysm
in the period from January 2001 until December 2006. In this
6-year period 151 consecutive patients with an MCA
aneurysm were treated (Fig. 1). For each patient, the choice
of the preferred treatment strategy (observation, clipping, or
coiling) was made by a multidisciplinary team of neuro-
surgeons, neurologists and interventional neuroradiologists
after clinical assessment and initial computed tomographic
angiography (CTA) or conventional cerebral angiography. If

treatment options were considered equal, in MCA aneurysms
priority was given to surgery.

The records of all consecutive surgically treated patients
were searched to obtain patient characteristics, characteristics
of the aneurysm, treatment details, complications and follow-
up. The clinical condition of all patients was classified
according to the World Federation of Neurosurgical Societies
scale (WFNS) [7, 17]. Clinical outcome was graded according
to the modified Rankin scale [2, 15].

Patients with an unruptured MCA aneurysm (WFNS 0)
had a full assessment in the outpatient clinic and treatment
was only instituted after thorough multidisciplinary
counseling. Patients with a ruptured aneurysm of a good
grade (WFNS 1–3) were, as a rule, treated within 72 h after
the aSAH. In a minority of symptomatic patients, the
treatment of the ruptured aneurysm was postponed because
of co-morbidity or late referral. Patients with a ruptured
aneurysm in a poor clinical condition (WFNS 4–5) were
treated for acute hydrocephalus before making the final
decision about the timing of the aneurysm treatment [18].
In case of an aSAH, treatment was at first selectively aimed
at the ruptured aneurysm; additional unruptured aneurysms
(coincidental aneurysms) were not treated in the same
session, unless in the same surgical field.

All procedural complications and perioperative events
were registered. To complete missing long-term follow-up,
the family doctors of the patients were contacted.

Results

The patient characteristics are outlined in Table 1. The
majority of the surgical patients with a ruptured MCA

Fig. 1 Distribution of the 151 MCA aneurysm patients, according to
their treatment

Table 1 Characteristics of surgical patients

Total group Symptomatic group

n Percent n Percent

Total 105 77

Male 29 28% 19 25%

Female 76 72% 58 75%

Average age 52.3 52.6

WFNS grade

1 39 51%

2 12 16%

3 11 14%

4 10 13%

5 5 6%

The symptomatic group consists of patients with an SAH from their
MCA aneurysm; coincidental MCA aneurysms are not included in this
group
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aneurysm were women (75%); the mean age was 52.3 years
(range 33–79). The WFNS grade at admission was 1 or 2 in
67% of the cases. The aneurysm characteristics are
summarized in Table 2. Most MCA aneurysms were larger
than 5 mm (70%).

The treatment strategies of all consecutive patients are
delineated in Fig. 1. The majority of MCA aneurysms was
treated by surgery (105 patients). In 13 patients, the MCA
aneurysm was coiled. Fourteen aSAH patients with a poor
WFNS grade died before an attempt to treat the ruptured
aneurysm could be made. Nineteen patients with an
asymptomatic aneurysm were left untreated: 17 patients
had an aneurysm judged too small for treatment according
to the recommendations of the ISUIA study [19]; two
patients rejected the advised treatment.

Surgical clipping of an MCA aneurysm was performed
following an aSAH in 77 patients, of which the majority
(83%) was treated within 72 h following the hemorrhage.
Thirteen patients had postponed clipping of the ruptured
aneurysm. Two patients harbored a coincidental (contralateral)
MCA aneurysm and had a second surgical procedure. Twenty-
three surgically treated patients presented with a significant
hematoma, requiring an immediate evacuation of the clot in 20
patients. In 95 of 107 procedures (89%) the surgeon reported a
full occlusion of the aneurysm.

Procedural and perioperative events are depicted in
Table 3. Since both clinical and non-clinical (TCD)
vasospasm was recorded as a postoperative event, only 32
of 105 patients (30.5%) experienced a fully uneventful
course. Preoperative subarachnoid rebleeding occurred 11
times (in two cases twice in the same patient). Postoperative
rebleeding of a clipped MCA aneurysm occurred once,
leading to a poor outcome. The other postoperative
rebleeding was from a ruptured anterior communicating

artery aneurysm in a patient with a coincidental MCA
aneurysm.

Follow-up of the surgically treated symptomatic patients
at 2 months was complete for all but one patient (99%). The
mean follow-up was 4.7 years, obtained in 96% of the
patients. The outcome was graded mRankin 0–2 in 80% of
the cases (Fig. 2). During follow-up, four patients died from
an unrelated cause, all more than 1 year after the aSAH and
treatment.

Patients with a significant intracerebral hematoma (ICH)
(n=23) presented with a worse WFNS grade than the
average study population (WFNS 1–2 in only 39% of
cases), but nevertheless in 69% of cases their outcome was
good (mRankin 0–2). If these patients had been excluded in
the outcome analysis, outcome would have been calculated
as mRankin 0–2 in 88% of the patients.Table 2 Aneurysm characteristics

Total group Symptomatic group

n Percent n Percent

Left 45 39% 33 39%

Right 71 61% 52 61%

Location

M1 11 9% 6 7%

M1M2 99 85% 76 89%

M2M3 6 5% 3 4%

Size

<6 mm 37 32% 25 29%

6-10 mm 54 47% 41 48%

>10 mm 25 22% 19 22%

The 77 patients with symptomatic MCA aneurysms carried 85
aneurysms in total

Table 3 Perioperative complications

Vasospasm 62

– non clinical 42

– clinical 20

Hydrocephalus 14

Rebleed 12

– preoperative 11

– postoperative 2a

Pneumonia 8

Ventriculitis/meningitis 7

Post-operative bleeding (epidural/subcutaneous) 4

Epilepsy 4

Cerebral ischemia seen on CT scan 3

Other 16

a One post-operative rebleed resulted from an aneurysm of the anterior
communicating artery in a patient with a coincidental MCA aneurysm

All perioperative events are reported for all 105 surgically treated
patients, even when no clinical relevance was noted

Fig. 2 Outcome of the surgically treated MCA aneurysms after
2 months and after 4.7 years’ follow-up. Good=mRankin 0–2, fair=
mRankin 3–4, poor=mRankin 5–6
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All 19 patients with a surgically treated asymptomatic (not
coincidental)MCA aneurysm had a good outcome at the latest
follow-up (mRankin 0–2). In the other patients with asymp-
tomatic aneurysms, follow-up was discontinued in five cases
because of patient-related factors, e.g., co-morbidity or age.
Two patients refused to have a follow-up. Eleven patients
harboring an asymptomatic aneurysm had a radiological
follow-up after 1 year; no enlargement of their aneurysm
was found on digital subtraction angiography (DSA) or
magnetic resonance angiography (MRA) examination.

Discussion

Literature

Surgical series from the era before ISAT (before 2002) have
demonstrated good surgical results for MCA aneurysms.
Nevertheless, in many institutions the surgical experience
has diminished during the last decade. This is confirmed by
a search of the PubMed internet database from 2001 on,
yielding very few surgical reports. In an extensive review of
the Finnish experience with MCA aneurysms, Dashti et al.
stated that these aneurysms are still best treated surgically
[4–6]. Prat and Galeano [13] described 12 patients with a
significant intracranial hematoma due to an MCA aneurysm
that presented with WFNS grade 4 or 5, of which only five
patients had a good or moderate outcome. The literature
search also revealed a recent publication by Quadros et al.
[14] on the coiling of MCA aneurysms in 55 patients. They
concluded that coiling was effective in preventing a
rerupture of the symptomatic aneurysm (mean follow-up
14 months); however, with a total occlusion of the ruptured
MCA aneurysm in merely 42% of their cases. In addition,
only 57% of patients with a ruptured MCA aneurysm in
their study had a good outcome after 1 year and six patients
(18%) died. These endovascular results are clearly unfa-
vorable in comparison with the results of surgical studies,
including the present study showing 89% intraoperative
total occlusion and 80% good outcome.

UMCG surgical series

After a mean 4.7-year follow-up, the clinical outcome of 77
patients with a ruptured aneurysm was graded good
(mRankin 0–2) in 80% of the cases. Excluding the patients
with a significant ICH would even lead to a good outcome
in 88% of the patients. Also, all patients treated for an
unruptured MCA aneurysm were graded with a good
outcome after clipping; on the whole unchanged in
comparison with the preoperative condition. These results
are far better than the related endovascular series for MCA
aneurysms in the literature.

All perioperative events are outlined in Table 3. Most events
were related to the aSAH and not to the surgical procedure.
Postoperative rebleeding of an MCA aneurysm occurred in
one patient with an incompletely clipped giant aneurysm that
had presented with a large ICH and a WFNS grade 4 SAH.
Postoperative epidural or subcutaneous hematoma occurred in
four out of 105 surgically treated patients. Seizures were
encountered in four surgically treated patients. Ventriculitis
occurred in seven patients, without exception related to an
external cerebrospinal fluid (CSF) shunt.

Scientific, ethical and political reflections

In ISAT, the MCA aneurysms were noticeably underrepre-
sented. This is almost certainly due to the inclusion criteria that
required that both clip and coil were considered equivalent in
leading to a definite cure. As a consequence, MCA aneurysms
presenting with a hematoma or having vascular branches
originating from its neck were not randomized, whereas these
features often occur. Also, a significant accompanying hema-
toma that needs surgical evacuation is frequently encountered
after MCA aneurysm rupture. Nevertheless, particularly in
Europe, the ISAT results are applied to the whole spectrum of
cerebral aneurysms, including MCA aneurysms, despite the
fact that good results of aneurysm clipping are still reported [3,
12]. In addition, recent publications on the long-term results
of the ISAT have shown that after 5-year follow-up the
clinical outcome after coiling is no longer superior to a
surgical strategy, due to persistent higher rebleeding rates and
a wider need for re-treatment after coiling [8, 9, 16].

Everyday clinical practice requires that choices between
the different treatment modalities for patients with an aSAH
are being made on a scientific basis. ISAT has proven its value
in this decision-making process, particularly for aneurysms of
the carotid artery and the anterior cerebral artery, but its
recommendations cannot be used as a license to frankly
extrapolate in favor of coiling ofMCA aneurysms. Also, it has
to be taken into account that to overcome the angioarchitec-
tural disadvantages of the MCA anatomy there has been over
the years an increased use of remodeling balloons and stents in
addition to coiling. These added technical novelties add to the
morbidity and mortality, and have never been tested in a
randomized study to be better or safer than coiling alone or
surgery. It is remarkable that the devices are frequently
innovated and taken into clinical use without any proof of
their superiority. In contrast, surgical treatment of MCA
aneurysms is straightforward, with the possibility to remodel
the aneurysm in order to obtain a perfect neck occlusion and,
if necessary, to remove an associated hematoma. As such,
surgical clipping should be recognized as the preferred
treatment of MCA aneurysms.

Apart from the technical aspects, there is another serious
concern. Particularly in Europe, the notable rise in
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endovascular procedures has led to a significant decline of
the surgical caseload. This raises questions about the
maintenance of surgical skills and the ability to train future
neurovascular surgeons. A loss of surgical neurovascular
expertise will certainly lead to a downward spiral in the
quality of the overall treatment of intracranial aneurysms. It
is extremely important to ensure that the high-quality
standards of today are also guaranteed tomorrow. Caseloads
should be high, in order to preserve neurovascular
experience at the highest level. Obviously, regional and
nationwide centralization of neurovascular care and training
will be the only way to secure this.

Conclusion

This contemporary study confirms that good results are
achieved with clipping of MCA aneurysms. All attempts to
treat MCA aneurysms endovascularly, often with the use of
novel (not clinically tested) endovascular devices, are
unjustified in a situation where an excellent surgical
solution is at hand. Also, the treatment of cerebral
aneurysms should be restricted to specialized regional
centers with a high caseload, which are able to provide
full-time high-level care by a team of experienced vascular
neurosurgeons and interventional neuroradiologists, to
guarantee optimal care for this category of patients.
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Comments

We could not agree more with this nice paper showing the superiority
of clipping of MCA aneurysms in line with our [1–3] and others’
experience. It has been really surprising how easily the neurosurgical
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community has changed from proven microsurgical clipping of
aneurysms to endovascular coiling based only on one poorly
randomized study, the ISAT, and the idea of not having to open the
skull, which is not dangerous as such if performed by (experienced)
neurosurgeons. Even the scar is left behind the hair-line. It may be
more difficult to conduct a randomized study like this for relatively
rare SAH or neurosurgical patients in general than in other fields of
medicine, but it usually still takes several studies with similar results
to convince the clinicians to change their policies. As the authors state,
since the first ISAT paper came out the results have been applied to
treat all possible aneurysms, regardless of their size, form, location or
rupture state (even with ICH!) with coils, and recently even with
stents. Stents or stent-assisted coiling have not been tested in a
randomized way against microsurgical clipping regarding safety and
efficacy, but without any doubt they must add morbidity and mortality
not only because they require long-term anticoagulation. Furthermore,
nobody knows the long-term patency or the risk of migration of the
stents. Nobody talks about the necessity of clinical and radiological
follow-up of patients after uncertain endovascular therapy making the
patients very worried, with additional costs to the patients and society,
instead of clipping the aneurysms with proven efficacy over several
decades. There are inadvertent branch occlusions and also unexpected
neck remnants after clipping by very experienced neurosurgeons [6].
Therefore, it is very important to confirm the result of clipping with
intraoperative indocyanine green (ICG) angiography [4] followed by
postoperative CTA, as we nowadays prefer. If clipping is preferred,
DSA has a role only in complex and giant aneurysms.

The long-term results of ISAT have proven to be equal between
clipping and coiling, but still clipping of aneurysms is many times
considered to be almost a criminal act or being a sign of a real
dinosaur. This is based on what? Instead, we consider endovascular
therapy of MCA aneurysms to be extremely poor treatment of patients
as these always re-canalize and usually after a very short period of
time necessitating either re-coiling to be followed by re-canalization
again or then clipping with removal of the coils which may be a true
challenge at that late point [9]. Coiling ruptured MCA aneurysms with
ICH can really be considered as criminal in not letting the patients
have the best possible treatment and recovery, which is clipping of the
aneurysm and removal of the clot at the same time as soon as possible.

Unfortunately, based on a single debatable study, the number of
neurosurgeons being able to perform safe clipping of cerebral
aneurysms has decreased markedly. The cases left are more and more
demanding. As the authors state, the treatment of cerebral aneurysms
should be centralized into dedicated centers with a 24/7 microsurgical
and endovascular service, not forgetting modern neuroanesthesia for
the optimal results [5, 7, 8].

Mika Niemelä
Juha Hernesniemi
Helsinki, Finland
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The authors of this study, from an experienced and well-recognized
neurovascular center, published their results with the treatment of 151
consecutive patients with middle cerebral aneurysms (MCAs). They
have a policy of treating MCA aneurysms preferentially with open
microsurgery. The point of the article is to show that their results
justify this policy. Of the 77 patients with ruptured aneurysms that
were treated by clipping, they obtained a “good” outcome (modified
Rankin 0–2) in 80%. Additionally, all the patients with an unruptured
MCA aneurysm treated by clipping had a good outcome.

The authors feel strongly that their surgical results as well as that
of other experienced surgeons with clipping of MCA aneurysms are
better than the results obtained with endovascular coiling. However,
they do not provide us with a detailed comparison of their results and
that of other microsurgical series in the literature with the results of
endovascular coiling of MCA aneurysms. I understand that a direct
comparison of results would be very difficult because generally in
both surgical and endovascular series there is a significant bias in
favor of one treatment over another, as well as in terms of which
aneurysms are selected for coiling and which are selected for surgery.
The problem is that in the absence of scientifically valid comparisons
or, preferably, randomized studies (and I agree with the authors that
the ISAT study did not address adequately MCA aneurysms),
statements such as “surgical clipping should be recognized as the
preferred treatment of MCA aneurysms” and “all attempts to treat
MCA aneurysms endovascularly, often with the use of novel (not
clinically tested) endovascular devices are unjustified” are only
personal opinions and should be taken as such by the readership. I
confess that I personally agree with the authors and prefer clipping for
most MCA aneurysms, although certainly not all, since, for example,
in patients in poor neurologic condition after SAH, I prefer coiling if
at all possible. However, I recognize that this is only a personal bias
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that may change in time if convincing scientific evidence to the
contrary emerges.

Another caveat that those of us that favor microsurgery should
acknowledge, in all fairness to our endovascular colleagues, is that
although our main criticism of coiling is that it frequently results in
incomplete occlusion of the aneurysm and/or recanalization in the
future, we have generally not subjected our clipped patients to long-
term angiographic follow-up to prove that indeed clipping is a
definitive treatment, as we commonly assume. An example of this
problem is the present series, in which the authors have an enviable
clinical follow-up but apparently no long-term angiographic follow-
up, except in a few patients. Furthermore, even if we accept that
coiling not infrequently results in an incompletely occluded aneurysm,
convincing evidence is emerging that the risk of hemorrhage from
incompletely coiled aneurysms is very, very low.

I would also like to comment on a difficult issue that the authors
address rather emphatically and that is the fear that as endovascular
treatment continues to gain in popularity, we are gradually losing our

open vascular surgical skills and our ability to train adequately the
younger generation of vascular neurosurgeons. While obviously
sharing this serious concern with the authors, I object to the
implication that this should be a consideration when faced with a
decision to treat or coil an aneurysm in a particular patient. I feel
strongly, and I suspect that the authors do too, that in any particular
patient the aneurysm should be treated in whatever manner we feel is
safer and most efficacious for that particular patient, regardless of any
other considerations. For now, I agree with the authors that in many, if
not most MCA aneurysms, clipping is the preferred option; however, I
acknowledge the lack of scientific support for this opinion and I
would like to keep an open mind as to what the future will bring as
endovascular technology and expertise improves at what I feel is a
much steeper rate than the improvements that I foresee in microsur-
gical clipping techniques.

Roberto Heros
Miami, USA
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