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Abstract

Objectives: We aimed to compare outcomes of patients with middle cerebral artery (MCA) aneurysms treated by either micro-
surgical clipping or endovascular therapy and provide a treatment algorithm based on available evidence. 
Materials and methods: We performed a retrospective analysis of 77 patients with 95 MCA aneurysms. Demographic, clinical, 
and aneurysm morphological variables were collected. Patients were divided into two groups depending on the received treatment. 
Clinical and radiological outcomes were collected at the end of a 1-year follow-up period and compared between both treatment 
groups. Results: Mean age was 51.4 years. Fifty patients (65%) underwent microsurgical clipping and 27 (35%) were treated by 
endovascular therapy. Fifty-four patients (70%) presented with subarachnoid hemorrhage, while 23 (30%) were treated for un-
ruptured aneurysms. Patients with subarachnoid hemorrhage were more frequently treated by microsurgical clipping than patients 
with unruptured aneurysms. Clinical outcomes, including functional status, were similar between treatment groups after 1-year 
follow-up even when adjusting for clinical presentation. Residual aneurysms were found less frequently in the microsurgical group 
(OR = 0.09; p < 0.001). Conclusions: In patients with MCA aneurysms, clinical outcomes at 1 year are similar between micro-
surgical clipping and endovascular therapy. However, microsurgery is associated with a lower risk of residual aneurysms.

Keywords: Endovascular techniques. Intracranial aneurysm. Microsurgery. Middle cerebral artery. Subarachnoid hemorrha-
ge. Surgical clip.

Resumen

Objetivo: Evaluar y comparar desenlaces de pacientes con aneurismas de arteria cerebral media (ACM) tratados mediante 
clipaje microquirúrgico o terapia endovascular, y proponer un algoritmo de tratamiento basado en evidencia. 
Material y métodos: Estudio retrospectivo de 77 pacientes con 95 aneurismas de ACM. Se recabaron variables demográficas, 
clínicas y morfológicas de los aneurismas tratados. Se dividieron a los pacientes en dos grupos dependiendo del tratamiento 
recibido y se compararon los desenlaces clínicos y radiológicos al final del seguimiento a un año entre ambos grupos. 
 Resultados: La edad promedio fue 51.4 años. 50 pacientes (65%) fueron sometidos a clipaje microquirúrgico y 27 (35%) a 
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Introduction

The definitive treatment of intracranial aneurysms 
– both ruptured and unruptured – is aimed at obliterat-
ing their lumen without interfering with normal adja-
cent circulation, thus reducing or even eliminating the 
risk of further rupture. To achieve this, the standard 
treatment modalities are microsurgical clipping and 
endovascular therapy1. Even though technologic ad-
vances in both treatment modalities have improved 
clinical outcomes in the past years2, an attempt to 
prove superiority of one modality over another re-
mains a challenge that appears unattainable due to 
the wide heterogeneity of the affected population.

Aneurysm location and its anatomical configuration 
may act in favor of one treatment modality over an-
other. Several studies focused on middle cerebral ar-
tery (MCA) aneurysms have offered evidence to 
support microsurgical clipping for aneurysms in this 
location1,3-5. This can have a considerable impact 
since MCA aneurysms account for roughly one-third 
of all intracranial aneurysms and are usually under-
represented in major trials6. In this study, we offer a 
comparison of clinical and radiological outcomes be-
tween both treatment modalities focused exclusively 
on saccular MCA aneurysms and offer a treatment 
algorithm based on available evidence.

Materials and methods

We performed a retrospective comparative study 
including all patients with saccular MCA aneurysms 
treated at our canter from 2015 to 2019. Patients were 
excluded if they did not have a complete 12-month 
follow-up, or if they harbored other aneurysms treated 
by any modality. Patients with multiple aneurysms 
were included only if definitive treatment was exclu-
sively aimed at one or more MCA aneurysms in a 
single treatment session. The treatment modality was 
agreed on by the surgical and the endovascular teams 

on a case-by-case basis. Microsurgical clipping was 
preferred in patients with complex aneurysms and in 
those with a clear indication for surgical management 
due to other associated conditions (e.g. intracranial 
hematoma, hydrocephalus, and symptomatic aneu-
rysms). Endovascular therapy, on the other hand, was 
favored in older patients harboring unruptured asymp-
tomatic aneurysms with favorable anatomic features 
for embolization (small, non-complex aneurysms with 
a dome-to-neck ratio > 2). Complex aneurysms were 
defined as those with > 25 mm of maximum diameter, 
those previously treated by any modality, vascular 
branches arising from the aneurysm dome, or an ir-
regular morphology (non-spherical, asymmetric, or 
multilobulated domes). When both modalities were 
considered to be equally appropriate, other factors 
such as age, occlusion durability, and patient’s prefer-
ence were individually examined and discussed to 
reach an agreement. Both the surgical and the endo-
vascular teams were permanently available at our 
center during the study. The hospital institutional re-
view board approved the study; our institution’s ethics 
committee did not require patient consent for retro-
spective analysis of patients’ records and image 
studies.

Demographic and clinical variables of the patients 
at the time of diagnosis were collected, including sex, 
age, clinical presentation, and initial clinical status as 
assessed by the Hunt and Hess grading scale in case 
of subarachnoid hemorrhage (SAH)7. We recorded the 
radiological grade in each case as assessed by the 
modified Fisher scale8, as well as the presence of a 
Sylvian or intracerebral hematoma requiring surgical 
evacuation. Intracranial aneurysms were diagnosed 
by digital subtraction angiography (DSA), thin-sliced 
computed tomography angiography (CTA), or mag-
netic resonance angiography (MRA). Aneurysm mor-
phological variables were collected, including location, 
concomitant aneurysms, affected side, neck width, 
dome width, dome height, dome-to-neck ratio, and 
complexity.

terapia endovascular. 54 pacientes (70%) presentaron hemorragia subaracnoidea, quienes fueron tratados mediante micro-
cirugía en mayor proporción que aquellos con aneurismas no rotos. Los desenlaces clínicos, incluyendo el estado funcional, 
fueron similares entre ambos grupos al año de seguimiento, aún tras ajustar el análisis por presentación clínica. El grupo de 
microcirugía presentó una menor proporción de aneurismas residuales (OR = 0.09; p < 0.001). Conclusiones: En pacientes 
con aneurismas de ACM, los desenlaces clínicos a un año son similares entre clipaje microquirúrgico y terapia endovascular. 
Sin embargo, la microcirugía se asocia a un menor riesgo de aneurismas residuales.

Palabras clave: Terapia endovascular. Aneurisma intracraneal. Microcirugía. Arteria cerebral media. Hemorragia subarac-
noidea. Clipaje.
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Patients were divided into two groups according to 
the performed treatment, either microsurgical clipping 
or endovascular therapy using detachable coils or 
stent-assisted coiling, as deemed appropriate by the 
treating interventionist. Clinical outcomes included 
mortality, functional status as assessed by the modi-
fied Rankin scale (mRS)9, rebleeding events, ischemic 
changes on follow-up imaging, and repeat intervention 
through any treatment modality. The occurrence of 
radiological vasospasm and delayed cerebral isch-
emia was also recorded. Radiological outcome was 
the rate of residual aneurysms on follow-up studies. 
Radiological follow-up was performed by either DSA, 
CTA, or MRA, but suspected residual aneurysms were 
confirmed with DSA in every case and defined as any 
degree of contrast filling within the neck or dome of 
the aneurysm. Procedure-related complications were 
classified as intraoperative mortality, intraoperative 
aneurysm rupture, clip- or coil-associated vessel oc-
clusion (perforating or distal branches), and surgical 
site infection. A comparative analysis was performed 
between both treatment groups, comparing baseline 
variables and outcomes at the end of a 12-month 
follow-up period. In addition, we performed a sub-
group analysis in patients who presented with SAH. 
Outcomes were also compared according to clinical 
presentation (SAH vs. unruptured aneurysms).

Frequencies of categorical variables, as well as mean 
and standard deviation of continuous variables, are re-
ported. Statistical analysis was performed with SPSS 
software (version 23.0; IBM Corp., Armonk, NY). We 
used Student’s t-test for normally distributed and Mann–
Whitney U-test for non-parametric continuous variables 
and Chi-squared test for categorical variables. p < 0.05 
was considered statistically significant.

Results

In the studied period, 77 patients harboring 95 MCA 
aneurysms were included in the analysis. Out of the 
77 patients included in the study, 50 (65%) underwent 
microsurgical clipping and 27 (35%) were treated by 
endovascular therapy. Table 1 depicts clinical and de-
mographic variables of the patients in each treatment 
group as well as morphological variables of the treated 
aneurysms. A higher portion of patients who presented 
with SAH and a lower portion of patients with unrup-
tured aneurysms were treated with microsurgical clip-
ping. Twelve patients (16%) harbored an intracranial 
hematoma that was considered amenable for surgical 
evacuation and were exclusively treated by surgery. 

There were significantly more complex aneurysms 
treated by surgical clipping than by endovascular ther-
apy. There were no other significant differences in the 
remaining variables between both groups.

Outcomes reported by treatment group are depicted 
in table 2. There were 3 deaths (3.9%) recorded at 
the end of the follow-up period, all of them belonging 
to the microsurgical group and to patients presenting 
with SAH. Causes of death were a rebleeding episode 
in one patient, one case of hospital-acquired pneumo-
nia, and a spontaneous intracerebral hematoma sec-
ondary to hypertension in another patient, distant and 
unrelated to the treated aneurysm. At the end of fol-
low-up, 56 patients (73%) had a good functional status 
(mRS 0-2), with 35 (45.5%) being completely asymp-
tomatic and independent for activities of daily living 
(mRS 0). There were no differences in clinical out-
comes at the end of follow-up between both treatment 
groups. Residual aneurysms were observed less fre-
quently in the microsurgical treatment group 
(OR = 0.09; 0.03-0.27, p < 0.001). The observed dif-
ferences were maintained after discarding neck re-
siduals and comparing only dome residuals (OR = 0.05; 
0.01-0.43, p < 0.001).

In the subgroup analysis of patients presenting with 
SAH (n = 54), there were no significant differences in 
clinical, demographic, or morphological variables be-
tween treatment groups. Moreover, there were no dif-
ferences in functional outcome, ischemic events, and 
repeat intervention rates between both groups. How-
ever, 9.5% of aneurysms treated by microsurgical clip-
ping and 58.3% of those treated by endovascular 
therapy displayed a residual lesion (OR = 0.08; 0.02-
0.35, p = 0.001).

As expected, patients presenting with SAH were more 
frequently associated to ischemic changes (OR = 4.82; 
1.01-22.9, p = 0.034), radiological vasospasm (OR = 
32.5; 1.88-563.8, p < 0.001), DCI (OR  =  23.8; 1.37-
414.5, p = 0.002), and a poor functional status (OR = 
12.99; 1.61-111.1, p = 0.003) than those who were treat-
ed for an unruptured aneurysm. However, the rate of 
residual aneurysms did not differ between clinical pre-
sentation groups (OR = 0.45; 0.17-1.15, p = 0.092).

Procedure-related complications occurred in three 
cases after microsurgical clipping (6%) and in three 
cases after endovascular therapy (11.1%). Complica-
tions associated with microsurgery were two cases of 
perforating vessel occlusion (both occurring in complex 
aneurysms) and one case of intraoperative aneurysm 
rupture, presenting also a surgical site infection. In en-
dovascular procedures, two cases presented distal 
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vessel occlusion (one of them being a complex aneu-
rysm) and one case presented intraprocedural rupture. 
There were no statistically significant differences in 
mortality or in procedure-related complications be-
tween both groups.

Discussion

Due to the wide heterogeneity of intracranial aneu-
rysms, it would be unreasonable to establish strictly 
defined criteria for treatment selection without a proper 

case-by-case analysis. In this study, even though treat-
ment modality was initially suggested based on certain 
anatomical and clinical considerations, it is difficult to 
weigh a specific feature over the rest of them since 
many of those supporting both options often coexist in 
the same patient. This might explain the apparent 
equivalence of baseline variables between both groups 
except for those that strongly favored surgical treat-
ment (complex aneurysms and associated intracranial 
hematoma). The significant proportion of patients with 
these features might partly account for the imbalance 

Table 1. Clinical, demographic, and morphological variables of MCA aneurysms divided by treatment group

Variable Clipping (n = 50) Endovascular (n = 27) OR (CI 95) p Total (n = 77)

Female, sex 35 (70%) 16 (59.3%) 1.604 (0.6‑4.26) 0.342 51 (66.2%)

Mean age, years (SD) 51.5 ± 14.2 51.1 ± 15.4 ‑ 0.920 51.38 ± 14.5

Diagnosis
SAH
Unruptured

42 (84%)
8 (16%)

12 (44.4%)
15 (55.6%)

6.56 (2.24‑19.15) < 0.001 
54 (70.1%)
23 (29.9%)

HH (n = 54)a

I
II
III
IV
V

9 (21.4%)
12 (28.6%)
11 (26.2%)
10 (23.8%)

0

0
6 (50%)

2 (16.7%)
4 (33.3%)

0

‑ 0.095
9 (16.7%)
18 (33.3%)
13 (24.1%)
14 (25.9%)

0

mFisher (n = 54)a

0
1
2
3
4

3 (7.1%)
6 (14.3%)
7 (16.7%)

17 (40.5%)
9 (21.4%)

0
2 (16.7%)
5 (41.7%)
4 (33.3%)
1 (8.3%)

‑ 0.292
3 (5.6%)

8 (14.8%)
12 (22.2%)
21 (38.9%)
10 (18.5%)

Hematoma 12 (24%) 0 17.86 (1.01‑314.5) 0.001 12 (15.6%)

Affected side (n = 95)b

Right
Left

35 (56.5%)
27 (43.5%)

20 (60.6%)
13 (39.4%)

0.84 (0.36‑1.99) 0.696
55 (57.9%)
40 (42.1%)

Multiple aneurysms 23 (46%) 14 (51.9%) 0.791 (0.31‑2.02) 0.624 37 (48.1%)

Location (n = 95)b

Bifurcation
M1
M2
M3

41 (66.1%)
11 (17.7%)
8 (12.9%)
2 (3.2%)

25 (75.8%)
4 (12.1%)
3 (9.1%)
1 (3%)

‑ 0.797
66 (69.5%)
15 (15.8%)
11 (11.6%)

3 (3.2%)

Complex (n = 95)b 13 (21%) 1 (3%) 8.49 (1.05‑68.1) 0.009 14 (14.7%)

Neck width (mm ± SD) 2.83 ± 1.1 3.5 ± 2.1 ‑ 0.189 3.07 ± 1.5

Dome height (mm ± SD) 5.9 ± 4.3 6.1 ± 5.3 ‑ 0.970 6.01 ± 4.6

Dome width (mm ± SD) 4.7 ± 3.2 5.6 ± 4.2 ‑ 0.218 5.01 ± 3.6

Dome‑to‑neck ratio 2.0 ± 0.9 1.7 ± 0.9 ‑ 0.135 1.9 ± 0.9
aOnly patients who presented with subarachnoid hemorrhage are included
bThe side, location, and complexity of the treated lesions are reported by total aneurysms. In bold: statistically significant.
CI 95: 95% confidence interval; HH: Hunt and Hess grading scale; MCA: middle cerebral artery; mFisher: modified Fisher scale; OR: odds ratio; SAH: subarachnoid hemorrhage; SD: 
standard deviation.
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of total cases in each treatment group. In other centers, 
different external factors could influence treatment de-
cision, such as institutional policies, surgeon’s exper-
tise, resource availability, and costs. In this regard, 
even though associated costs might be similar between 
both treatment modalities10,11, it could still remain a sig-
nificant concern in some centers where endovascular 
procedures are not readily accessible and may ulti-
mately shift the balance toward surgical clipping.

Taking all these considerations in mind, it would be 
inappropriate to reduce the management of patients 
with MCA aneurysms to predetermined strict treatment 
policies (e.g., “clip-first” or “coil-first” policies). Conse-
quently, we herein propose a simple treatment algo-
rithm regarding the optimal treatment of patients with 
aneurysms in this location (Fig. 1), addressing the com-
plex interaction between these factors in a stepwise 
fashion. It is not by any means intended to dictate the 
best treatment modality for every patient harboring an 
MCA aneurysm but rather to provide initial guidance as 
to whether clinical equipoise is properly considered to 
be present to further discuss both treatment options.

Clinical outcome

In the studied population, a good functional status 
(mRS ≤ 2) at 1 year was observed in 72.7% of 

patients, but this number has to be interpreted con-
sidering the higher proportion of patients with SAH 
included. If we consider only unruptured aneurysms, 
a good functional status is observed in 95.7% of pa-
tients, which is significantly different than for SAH 
patients (63%, p = 0.003), and similar to the previous 
studies done in other high-volume neurosurgical cen-
ters5,6,12-14. Although functional status at the end of 
follow-up was similar between both treatment groups, 
the significantly higher proportion of patients who pre-
sented with SAH in the microsurgical group might lead 
to a biased interpretation of these results due to the 
inherently worse prognosis of this clinical condition.

Post-treatment ischemic changes were observed in 
19 patients (24.7%), with no significant difference be-
tween both treatment groups. It is worth noting that 
the high rate of ischemic lesions should be viewed in 
the context of a higher proportion of patients present-
ing with SAH, since ischemic changes were observed 
more frequently in this subset of patients (OR = 4.82, 
p = 0.034), which could mostly be attributed to the 
occurrence of vasospasm (41% of patients presenting 
with SAH). Otherwise, the rate of ischemic changes 
in unruptured aneurysms resembled those reported in 
the previous studies15-17.

There were three deaths at the end of follow-up, 
accounting for a mortality rate of 3.9% of the studied 

Table 2. Patient‑related and aneurysm‑related outcomes at 12‑month follow‑up by treatment group

Outcome Clipping (n = 50) Endovascular (n = 27) OR (CI 95) p Total (n = 77)

Mortality 3 (6%) 0 4.05 (0.2‑81.4) 0.103 3 (3.9%)

Ischemic changes 14 (28%) 5 (18.5%) 1.71 (0.54 5.41) 0.357 19 (24.7%)

Vasospasm 18 (36%) 4 (14.8%) 3.23 (0.97‑10.8) 0.050 22 (28.6%)

DCI 14 (28%) 4 (14.8%) 2.24 (0.66‑1.64) 0.192 18 (23.4%)

mRS
0
1
2
3
4
5

21 (42%)
9 (18%)
5 (10%)
2 (4%)
5 (10%)
5 (10%)

14 (51.9%)
6 (22.2%)
1 (3.7%)
3 (11.1%)
2 (7.4%)
1 (3.7%)

‑ 0.365
35 (45.5%)
15 (19.5%)

6 (7.8%)
5 (6.5%)
7 (9.1%)
6 (7.8%)

mRS 0‑2 35 (70%) 21 (77.8%) 0.66 (0.22‑1.98) 0.465 56 (72.7%)

Rebleeding (n = 95)a 3 (4.8%) 2 (6.1%) 0.79 (0.13‑5.0) 0.801 5 (6.5%)

Residual (n = 95)a 7 (11.3%) 19 (57.6%) 0.094 (0.03‑0.267) < 0.001 26 (27.4%)

Dome residual (n = 95)a 1 (1.6%) 8 (24.2%) 0.051 (0.006‑0.43) < 0.001 9 (9.5%)

Retreatment (n = 95)a 4 (6.5%) 6 (18.2%) 0.310 (0.08‑1.19) 0.084 10 (10.5%)
aReported by total aneurysms. In bold: statistically significant.
CI 95: 95% confidence interval; DCI: delayed cerebral ischemia; OR: odds ratio; mRS: modified Rankin scale.
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population. It is worth mentioning that at the present 
time, it could be too early to observe a difference in 
mortality – if any – attributable to rebleeding episodes, 
which would be expected in a long-term follow-up 
depending on residual aneurysms, as suggested by 
the previous studies18,19.

Radiological outcome

Although clinical outcomes were similar between 
both groups, radiological outcome (i.e., the presence 
or absence of residual aneurysms on follow-up DSA) 
significantly favored microsurgical clipping (OR = 0.09, 
p < 0.001), especially when comparing only dome 
residuals (OR = 0.05, p < 0.001). This difference may 
increase over time as the previous studies have sug-
gested18-20, which could potentially affect clinical out-
comes in a long-term follow-up. It is worth noting that 
a dome residual in a coiled aneurysm does not nec-
essarily represent a higher risk of aneurysm growth 
than a neck residual, since other factors may influ-
ence clot formation and aneurysm occlusion, such as 
contrast filling within the coil mass21. Bearing this in 
mind, the difference of “high-risk” residual aneurysms 
between groups could be different than originally 
reported.

While other studies report complete and near-com-
plete occlusion rates as a single successful outcome, 
we decided to classify any degree of contrast filling as 
a residual aneurysm due to the potential growth these 
seemingly small lesions might have over time20-23. This 
definition may include small neck remnants which 

would otherwise be considered as adequately occlud-
ed in other studies and might account for the appar-
ently high rate of residual aneurysms in our study. 
Accordingly, when considering only dome residuals, 
the rate of residual aneurysms decreased to 9.5%, 
similar to other high-volume centers24.

Complications

Procedure-related complications were reported in 
7.8% of cases, with no significant difference between 
treatment groups. It should be noted that three out of 
four cases of procedural vessel occlusion could be 
attributed to complex aneurysms, which have been 
associated with more procedural complications3. 
Overall, the low frequency of procedure-related com-
plications is in line with other high-volume centers and 
could support both treatment modalities as relatively 
safe options for aneurysm occlusion, and thus should 
not be used as a defining parameter to choose one 
treatment over another12,25.

There are several high-quality studies that have 
analyzed and compared outcomes between both 
treatment modalities3,12,19,26,27. One of the most promi-
nent worldwide is the International Subarachnoid An-
eurysm Trial (ISAT)27, where patients with ruptured 
intracranial aneurysms considered suitable for both 
therapeutic options were randomized into either mi-
crosurgical clipping or endovascular coiling. They re-
port a higher probability of independent survival at 
1 year in patients treated with endovascular coiling13, 
a tendency that remains present in the long-term 

MCA
Aneurysm Endovascular therapy

available

Complex
aneurysm

Microsurgical
clipping

Discuss both
optionsSAH

Clinical
status

Hematoma

No

No

Yes

Yes Yes

Poor

Good

Yes

No

No

Consider:
• Technical feasibility
• Surgeon and center

expertise
• Symptomatic aneurysm
• Patient’s age and

clip durability
• Hydrocephalus
• Comorbidities
• Preference

Figure 1. Proposed treatment algorithm for patients with MCA aneurysms. Certain factors may strongly favor microsurgical clipping, such as 
resource availability, complex aneurysms, or the presence of intracerebral or Sylvian hematomas amenable to surgical evacuation. Nevertheless, 
all other aspects should be considered before discussing both treatment options. MCA: middle cerebral artery; SAH: subarachnoid hemorrhage.
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follow-up18. This difference in 1-year outcome in favor 
of endovascular therapy is supported by another high-
quality study28, although it is not persistent during 
long-term follow-up19. However, these studies also re-
port a higher risk of residual aneurysms19 and rebleed-
ing events13,18,29 in patients treated by endovascular 
therapy. Despite its high impact in the medical com-
munity, the ISAT study has raised some concerns and 
has to be interpreted with caution, especially due to 
the low proportion of aneurysms included, selection 
of a particular subset of patients (e.g., good clinical 
status, selected location, and size of aneurysms), 
sample bias due to a higher pre-treatment mortality in 
the surgical group, and different expertise among sev-
eral neurosurgical centers, questioning the applicabil-
ity of these results to the rest of the affected population. 
In particular, a judicious projection of these results 
would be valid only within the same subset of aneu-
rysms (i.e., those suitable for both treatment modali-
ties) and should not be used as rationale for a 
pre-specified treatment policy for all aneurysms. 
Moreover, in the ISAT study, MCA aneurysms were 
underrepresented, accounting for 14% of the included 
patients27, making it inappropriate to confidently apply 
their results to our patients.

Our study, on the other hand, analyzes outcomes 
exclusively for MCA aneurysms treated in a high-
volume center, effectively reducing heterogeneity re-
garding aneurysm location and surgeon’s expertise. 
Given existing evidence1, a prospective randomized 
trial similar to the ISAT study is unlikely to be carried 
out for only MCA aneurysms. However, our findings 
contribute to the previous studies focused on this 
population5,24,30,31, which may aid in identifying those 
cases in which both modalities can be considered 
equally suitable for MCA aneurysms, potentially guid-
ing future prospective studies.

Advances in endovascular therapy have widened 
the range of lesions suitable for this treatment, with 
favorable outcomes reported in patients with MCA 
aneurysms4,24,32. In the near future, comparative stud-
ies will likely include other novel endovascular tech-
niques to evaluate the impact of new technologies in 
outcomes after endovascular procedures. However, 
these devices are not routinely available worldwide, 
and their adequate occlusion rate still remains a sig-
nificant concern in other studies33.

Considering its retrospective nature, since patients 
were divided according to the received treatment, this 
study does not pretend to prove superiority of one 
treatment modality over another in every patient with 

an MCA aneurysm. There are some circumstances in 
which one modality is undoubtedly indicated due to 
certain anatomical or clinical features that might favor 
such treatment but may also directly affect outcome 
(e.g., clinical condition and presence of an intracranial 
hematoma). Therefore, the apparent equivalence of 
both treatment modalities regarding clinical outcome 
might be due to an adequate patient selection rather 
than an intrinsic advantage of one technique over an-
other. For this reason, the results of this analysis must 
be interpreted as a depiction of clinical practice at-
tending to established treatment criteria and recom-
mendations, and not as a guideline to determine the 
best treatment modality for any patient with an MCA 
aneurysm. Ultimately, treatment decision will depend 
on several coexisting and often discordant factors, but 
ideally it will not influence clinical outcome by itself.

Conclusions

It is clear that both microsurgical clipping and en-
dovascular therapy play an important role in the treat-
ment of patients with intracranial aneurysms, and 
MCA aneurysms are not the exception. In these pa-
tients, even though clinical outcomes at 1 year are 
similar between both treatment modalities, microsurgi-
cal clipping is associated with a significantly lower risk 
of residual aneurysms.

The heterogeneous nature of this disease makes 
any attempt to establish a standard treatment modality 
for all intracranial aneurysms futile, impractical, and 
unethical. In every patient harboring an intracranial 
aneurysm, multiple patient-related and aneurysm-re-
lated factors have to be taken into consideration for an 
adequate treatment strategy. For this reason, the avail-
able evidence must be applied on an individualized 
basis in a shared decision-making process between 
neurosurgeons, interventionists, and patients, taking 
into account the local expertise and resources.

Portions of this work were submitted in abstract 
form to be presented as e-poster at the 2021 AANS 
Annual Scientific Meeting, on August 21-25, 2021.

Funding

The authors declare that no funding was received 
for this article.

Conflicts of interest

The authors declare no conflicts of interest.



G.Y. Guinto-Nishimuraa et al.: MCA aneurysm treatment

91

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that no experiments were performed 
on humans or animals for this study.

Confidentiality of data. The authors declare that 
no patient data appear in this article.

Right to privacy and informed consent. The au-
thors declare that no patient data appear in this article.

References

 1. Connolly ES, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion J, 
Higashida RT, et al. Guidelines for the management of aneurysmal 
subarachnoid hemorrhage: a guideline for healthcare professionals from 
the American Heart Association/American stroke association. Stroke. 
2012;43:1711-37.

 2. Nieuwkamp DJ, Setz LE, Algra A, Linn FH, de Rooij NK, Rinkel GJ. 
Changes in case fatality of aneurysmal subarachnoid haemorrhage over 
time, according to age, sex, and region: a meta-analysis. Lancet Neurol. 
2009;8:635-42.

 3. Berro DH, L’Allinec V, Pasco-Papon A, Emery E, Berro M, Barbier C, 
et  al. Clip-first policy versus coil-first policy for the exclusion of middle 
cerebral artery aneurysms. J Neurosurg. 2020;133(4):1124-31.

 4. Cagnazzo F, Mantilla D, Lefevre PH, Dargazanli C, Gascou G, 
 Costalat  V. Treatment of middle cerebral artery aneurysms with flow-di-
verter stents: a systematic review and meta-analysis. AJNR Am J Neu-
roradiol. 2017;38:2289-94.

 5. Smith TR, Cote DJ, Dasenbrock HH, Hamade YJ, Zammar SG, 
El   Tecle  NE, et al. Comparison of the efficacy and safety of endovas-
cular coiling versus microsurgical clipping for unruptured middle cerebral 
artery aneurysms: a systematic review and meta-analysis. World Neuro-
surg. 2015;84:942-53.

 6. Wiebers DO, Whisnant JP, Huston J 3rd, Meissner I, Brown RD, 
 Piepgras  DG, et al. Unruptured intracranial aneurysms: natural history, 
clinical outcome, and risks of surgical and endovascular treatment. Lan-
cet Lond Engl. 2003;362:103-10.

 7. Hunt WE, Hess RM. Surgical risk as related to time of intervention in the 
repair of intracranial aneurysms. J Neurosurg. 1968;28:14-20.

 8. Frontera JA, Claassen J, Schmidt JM, Wartenberg KE, Temes R, Con-
nolly ES, et al. Prediction of symptomatic vasospasm after subarachnoid 
hemorrhage: the modified fisher scale. Neurosurgery. 2006;59:21-7.

 9. Farrell B, Godwin J, Richards S, Warlow C. The United Kingdom transient 
ischaemic attack (UK-TIA) aspirin trial: final results. J Neurol Neurosurg 
Psychiatry. 1991;54:1044-54.

 10. Zhang X, Li L, Hong B, Xu Y, Liu Y, Huang Q, et al. A systematic review 
and meta-analysis on economic comparison between endovascular coi-
ling versus neurosurgical clipping for ruptured intracranial aneurysms. 
World Neurosurg. 2018;113:269-75.

 11. Zhang X, Tang H, Huang Q, Hong B, Xu Y, Liu J. Total hospital costs 
and length of stay of endovascular coiling versus neurosurgical clipping 
for Unruptured intracranial aneurysms: systematic review and me-
ta-analysis. World Neurosurg. 2018;115:393-9.

 12. Gerlach R, Beck J, Setzer M, Vatter H, Berkefeld J, Du Mesnil de Ro-
chemont R, et al. Treatment related morbidity of unruptured intracranial 
aneurysms: results of a prospective single centre series with an interdis-
ciplinary approach over a 6 year period (1999-2005). J Neurol Neurosurg 
Psychiatry. 2007;78:864-71.

 13. Molyneux AJ, Kerr RS, Yu LM, Clarke M, Sneade M, Yarnold JA, et al. 
International subarachnoid aneurysm trial (ISAT) of neurosurgical 
 clipping versus endovascular coiling in 2143 patients with ruptured intra-
cranial aneurysms: a randomised comparison of effects on survival, 
dependency, seizures, rebleeding, subgroups, and aneurysm occlusion. 
Lancet Lond Engl. 2005;366:809-17.

 14. Spetzler RF, McDougall CG, Albuquerque FC, Zabramski JM, Hills NK, 
Partovi S, et al. The barrow ruptured aneurysm trial: 3-year results. 
J Neurosurg. 2013;119:146-57.

 15. Bond KM, Brinjikji W, Murad MH, Kallmes DF, Cloft HJ, Lanzino G. Di-
ffusion-weighted imaging-detected ischemic lesions following endovas-
cular treatment of cerebral aneurysms: a systematic review and me-
ta-analysis. AJNR Am J Neuroradiol. 2017;38:304-9.

 16. Krayenbuhl N, Erdem E, Oinas M, Krisht AF. Symptomatic and silent 
ischemia associated with microsurgical clipping of intracranial aneurys-
ms: evaluation with diffusion-weighted MRI. Stroke. 2009;40:129-33.

 17. Ruan C, Long H, Sun H, He M, Yang K, Zhang H, et al. Endovascular 
coiling vs. surgical clipping for unruptured intracranial aneurysm: a me-
ta-analysis. Br J Neurosurg. 2015;29:485-92.

 18. Molyneux AJ, Birks J, Clarke A, Sneade M, Kerr RS. The durability of 
endovascular coiling versus neurosurgical clipping of ruptured cerebral 
aneurysms: 18 year follow-up of the UK cohort of the international sub-
arachnoid Aneurysm trial (ISAT). Lancet Lond Engl. 2015;385:691-7.

 19. Spetzler RF, McDougall CG, Zabramski JM, Albuquerque FC, Hills NK, 
Nakaji P, et al. Ten-year analysis of saccular aneurysms in the Barrow 
ruptured aneurysm trial. J Neurosurg. 2019;132(3):771-6.

 20. Hayakawa M, Murayama Y, Duckwiler GR, Gobin YP, Guglielmi G, 
 Vinuela F. Natural history of the neck remnant of a cerebral aneurysm 
treated with the Guglielmi detachable coil system. J Neurosurg. 
2000;93:561-8.

 21. Mascitelli JR, Moyle H, Oermann EK, Polykarpou MF, Patel AA, 
 Doshi  AH, et al. An update to the Raymond-roy occlusion classification 
of intracranial aneurysms treated with coil embolization. J Neurointerven-
tional Surg. 2015;7:496-502.

 22. David CA, Vishteh AG, Spetzler RF, Lemole M, Lawton MT, Partovi S. 
Late angiographic follow-up review of surgically treated aneurysms. 
J Neurosurg. 1999;91:396-401.

 23. Lin T, Fox AJ, Drake CG. Regrowth of aneurysm sacs from residual neck 
following aneurysm clipping. J Neurosurg. 1989;70:556-60.

 24. Zijlstra IA, Verbaan D, Majoie CB, Vandertop P, van den Berg R. Coiling 
and clipping of middle cerebral artery aneurysms: a systematic review on 
clinical and imaging outcome. J Neurointerventional Surg. 2016;8:24-9.

 25. Pierot L, Spelle L, Vitry F. Immediate clinical outcome of patients harbo-
ring unruptured intracranial aneurysms treated by endovascular 
approach: results of the ATENA study. Stroke. 2008;39:2497-504.

 26. Koivisto T, Vanninen R, Hurskainen H, Saari T, Hernesniemi J, 
 Vapalahti  M. Outcomes of early endovascular versus surgical treatment 
of ruptured cerebral aneurysms. A prospective randomized study. Stroke. 
2000;31:2369-77.

 27. Molyneux A, Kerr R, Stratton I, Sandercock P, Clarke M, Shrimpton J, et  al. 
International subarachnoid aneurysm trial (ISAT) of neurosurgical clipping 
versus endovascular coiling in 2143 patients with ruptured intracranial 
aneurysms: a randomised trial. Lancet Lond Engl. 2002;360:1267-74.

 28. McDougall CG, Spetzler RF, Zabramski JM, Partovi S, Hills NK, Nakaji P, 
et al. The barrow ruptured aneurysm trial. J Neurosurg. 2012;116:135-44.

 29. Molyneux AJ, Kerr RS, Birks J, Ramzi N, Yarnold J, Sneade M, et al. 
Risk of recurrent subarachnoid haemorrhage, death, or dependence and 
standardised mortality ratios after clipping or coiling of an intracranial 
aneurysm in the International Subarachnoid Aneurysm Trial (ISAT): long-
term follow-up. Lancet Neurol. 2009;8:427-33.

 30. Steklacova A, Bradac O, Charvat F, De Lacy P, Benes V. “Clip first” 
policy in management of intracranial MCA aneurysms: single-centre ex-
perience with a systematic review of literature. Acta Neurochir (Wien). 
2016;158:533-46.

 31. Schwartz C, Aster HC, Al-Schameri R, Müller-Thies-Broussalis E, Gries-
senauer CJ, Killer-Oberpfalzer M. Microsurgical clipping and endovascu-
lar treatment of middle cerebral artery aneurysms in an interdisciplinary 
treatment concept: comparison of long-term results. Interv Neuroradiol. 
2018;24:608-14.

 32. Lv X, Zhang Y, Jiang W. Systematic review of woven endobridge for 
wide-necked bifurcation aneurysms: complications, adequate occlusion 
rate, morbidity, and mortality. World Neurosurg. 2018;110:20-5.

 33. Tau N, Sadeh-Gonik U, Aulagner G, Turjman F, Gory B, Armoiry X. The 
woven EndoBridge (WEB) for endovascular therapy of intracranial aneu-
rysms: update of a systematic review with meta-analysis. Clin Neurol 
Neurosurg. 2018;166:110-5.


