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Abstract

Thrombosed aneurysms of the middle cerebral artery (MCA) usually show large dimension and complex morphology with neck
sclerosis and perforating vessels originating from the sac. Only limited experiences from case reports or small mixed series
including thrombosed aneurysms in different locations are available in literature. To systematically review all the pertinent
literature, a comprehensive literature review with the search terms “MCA, aneurysm, and thrombosis” and a pooled analysis
including our institutional series were performed. We evaluated demographics, ruptured status, aneurysm morphology, topog-
raphy and size, thrombosis extension, treatment, complications, final occlusion rate, and clinical outcome at follow-up. Data were
individually extracted for each patient and included in a pool for the statistical analysis. Forty-two articles published between
1992 and 2016 were selected, including a total of 115 patients. Most of thrombosed aneurysms were saccular (67.6%), large or
giant (86.7%), and located at the MCA bifurcation (67.3%). The treatment of choice was surgery in more than 80% of cases
compared with the endovascular techniques, though the overall percentage of complications reported in the two groups was
similar and around 20% of cases. Clinical outcome was favorable in more than 85% of patients after treatment. This is the first
systematic review focusing on treatment and outcome of thrombosed MCA aneurysms. Our data depict their main
angioarchictectural and clinical characteristics, proving the feasibility of their treatment with good prognosis in a high percentage
of patients. However, complication and mortality rates of about 20 and 3.5%, respectively, are not negligible.

Keywords Middle cerebral artery - MCA - Intracranial aneurysms - Thrombosed aneurysms - Clipping - Endovascular treatment -
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Introduction

Thrombosed aneurysms of the middle cerebral artery (MCA)
account for 63% of all giant MCA aneurysms [47].

They usually show complex morphology, large dimen-
sions, neck sclerosis, and efferent or perforating vessels orig-
inating from the sac. Clinical onset is often characterized by
mass effect and brain edema. Due to these peculiar features,
traditional clipping or simple endovascular coiling are gener-
ally not adequate to treat these aneurysms, but the thrombus
debulking is necessary to reduce the mass effect and to ex-
clude the sac.
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Only a few neurosurgical centers have a sufficient exper-
tise to manage these complex cases, and large institutional
experiences are almost absent in literature. By an extensive
search, we retrieved only a small series reporting heteroge-
neous information on thrombosed aneurysms in different
locations of the Willis circle [13, 35, 47, 56] and mixed
series including thrombosed and non-thrombosed MCA an-
eurysms [5, 43]. Moreover, most of these papers are case
reports.

Accordingly, a detailed information about treatment, com-
plications, and short- and long-term clinical outcomes of
thrombosed MCA aneurysms are currently missing.

In this paper, we performed a comprehensive review of the
literature and a pooled analysis of demographics, morphology,
topography, ruptured status, types of treatment, and clinical
and radiological outcomes of patients who underwent treat-
ment of thrombosed MCA aneurysms. Our institutional series
was also included in the pooled analysis.
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Materials and methods
Literature review

A comprehensive review of the literature was performed with
the following keywords “(middle cerebral artery and aneu-
rysm and (thrombosed or thrombotic))” to be searched in
PubMed and Scopus databases.

The search strategy followed the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) state-
ment where applicable, and this checklist was used in design-
ing and reporting our review.

The last search was launched in March 2017.

All studies reporting patients who underwent surgical or
endovascular treatments of partially or totally thrombosed
MCA aneurysms were first included in the database.

Two reviewers (A.S. and G.S.) independently collected
data from the included articles. Any differences were resolved
by consensus discussed with a third author (C.L.S.).

Then, English studies reporting detailed information re-
garding operative procedures (both surgical and
endovascular), perioperative and postoperative complications,
and aneurysm occlusion rates were included in the following
analysis.

Two pools of patients including all case reports and clinical
series were initially collected accordingly to the different treat-
ment options (surgery or endovascular embolization), and the
data extracted were analyzed (a) separately for each cohort, (b)
comprehensively, and (c) comparatively with the largest
series.

Clinical series where no possible individual data can be
extracted for each patient were excluded by our analysis.

We evaluated the following variables: demographics, ruptured
status, morphology, topography and size of the aneurysms, ex-
tension of the thrombosis, modality of the treatment, complica-
tions, occlusion rate, and clinical outcome at follow-up.

Periprocedural complications studied were the occurrence
of transient or permanent intraprocedural thrombosis of the
efferent branch hesitating in transient hemiparesis or stroke
and intraoperative rupture.

Concerning the localization, we distinguished the aneu-
rysms according to MCA segment involved: bifurcation,
M1, M2, and M3. Aneurysms were also divided in small
(<1 cm), large (> 1 <2.5 cm) and giant (> 2.5 cm) according
to those reported by the investigators.

Radiological outcomes for surgery or endovascular proce-
dures were stratified into three levels based on the degree of
angiographic aneurysm obliteration. We distinguished: (1)
complete/near-complete occlusion (>95%), defined as a lack
of angiographic filling of the sac and the neck or no filling of
the sac but with small residual neck filling; (2) partial occlu-
sion (< 95%), defined as persistent angiographic filling of a
small portion of the sac; and (3) incomplete occlusion (<
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90%), defined as a persistent angiographic filling of a signif-
icant portion of the sac.

Finally, clinical outcome was assessed through the
Glasgow Outcome Scale (GOS) and the modified Rankin
Scale (mRS).

Institutional series

All pertinent data of patients who underwent a surgical or
endovascular treatment for partially or totally thrombosed
MCA aneurysms between January 2006 and December 2016
at the “A. Gemelli” Hospital, Catholic University School of
Medicine of Rome, were included in the database and pooled
with those retrieved in literature.

Statistical analysis

Data were individually extracted for each patient and included
in a pool. Percentage of incidence and 95% confidence inter-
vals (CI) were calculated for all considered variables and
outcomes.

Quantitative variables were expressed as mean + standard
deviation, and Student’s ¢ test was used to compare their
means. Fisher’s exact test (two-sided) was used to compare
categorical variables. Statistical significance was assessed at
a<0.05, and the Bonferroni correction for multiple compar-
isons was applied for each outcome analysis.

Results
Institutional series

Five patients were retrieved from the database of our tertiary
referral center for neurovascular surgery: “Agostino Gemelli
Hospital ”—Catholic University School of Medicine of Rome.
Two of them were males and three females with a mean age of
51.8+20.3 years.

Three patients harbored a left MCA aneurysm and two a
right one (Figs. 1, 2, and 3). Three aneurysms were saccular
(60%), one fusiform, and one dissecting. Two were located at
the bifurcation, one on the M1 segment, and 2 on M2; five
were large and one giant. All aneurysms were partially
thrombosed.

Three aneurysms were treated with clipping reconstruction
and thrombus debulking; one underwent trapping, thrombus
debulking, and STA-MCA bypass; and one showed spontane-
ous thrombosis after STA-MCA bypass.

Only one case of stroke was observed after clipping recon-
struction, but the outcome was closely influenced from the
Hunt-Hess grade at clinical onset. A complete occlusion was
maintained for all the aneurysms at a mean radiological
follow-up of 6.1 6.1 years.
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Fig. 1 Preoperative CT-scan and
3D-DSA (a, b) of a 68-year-old
woman with a large thrombosed
left MCA aneurysm, originating
from the temporal branch, orient-
ed frontally and inferiorly. Patient
underwent a left pterional crani-
otomy, followed by a proximal-
to-distal Sylvian fissure opening
to secure proximal control; an
intra-aneurysmal debulking was
performed with ultrasonic aspira-
tor, and the reconstruction of the
vessel wall was obtained with a
tandem of titanium clips.
Postoperative angio-CT scan and
3D-DSA (¢, d) showing a com-
plete aneurysmal exclusion and
the patency of the distal branches

Data from our institutional series were pooled with those
retrieved from literature in order to provide a meta-analysis.

Systematic review: study selection and characteristics

According to our search strategy, 753 articles in English lan-
guage were retrieved through the electronic literature search.

Six hundred and twenty-nine were primarily excluded by
abstract reading, while 124 were assessed for eligibility and
analyzed in detail, since they met our inclusion criteria.

After full-text reading and a forward search from the bibli-
ography of the selected papers, 82 articles were excluded be-
cause 56 of them did not report the thrombosed status of the
aneurysm, 17 did not discuss about treatment, and 9 reported
aneurysms not originating from MCA (Fig. 4).

Forty-two articles published between 1992 and 2016, which
reported patients treated for thrombosed MCA aneurysms were
included in this review. Two papers reported a series larger than
40 patients [13, 47], five case series between two and nine

patients [24, 28, 42, 54, 56], and thirty-five were case reports
[1-3,6,7,9, 11, 14, 18, 20-22, 25-27, 29-32, 34, 37, 38, 41,
44-46, 4851, 57, 60-63]. However, one of the two larger
series reported pooled data about thrombosed and non-
thrombosed MCA aneurysms, which could not be separately
analyzed [47]. Therefore, it was considered only for a compar-
ison with the results of our meta-analysis. Instead, the data
extracted from the second larger series were mostly analyzable
separately and included in our meta-analysis database [13].

Overall, 110 patients were collected from literature analysis
and 5 from our institutional series, for a total of 115 cases.
Among them, 20 patients underwent endovascular treatment,
whereas 95 underwent open surgery (Table 1).

Demographics

Age was reported in all patients. Mean age of patients
was 50.6 years (range, 1-78 years). Sex was reported
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Fig. 2 Preoperative CT scan (a)
and DSA (b) of a 41-year-old man
with a giant left thrombosed
MCA aneurysm originating from
a frontal branch, surrounded by
perilesional oedema. The
aneurysm was dissected through a
pterional approach, and proximal
control was obtained at the carotid
bifurcation, then, the aneurysm
was opened and the thrombus was
completely debulked with
ultrasonic aspirator, paying
attention to not extend beyond the
endothelium of the neck. Once the
aneurysmal neck was identified,
the redundant aneurysmal wall
was resected and the vessel wall
reconstructed with two titanium
clips. Postoperative CT scan (c)
and DSA (d) showed the
complete aneurysm exclusion and
the preservation of the distal
MCA flow

in all patients, and the male/female ratio was 1.26
(64/51).

Morphology, topography, and thrombosed status
of the aneurysms

Endovascular-treated group (20 patients)

Localization of the aneurysms on the MCA segment was
reported in 19 out of 20 patients (95%; 95% CI, 76.39—
99.11). The most common location was the MCA bifurca-
tion in 47.37% out of cases (9/19; 95% CI, 27.33-68.29),
followed by the M1 segment in 36.84% (7/19; 95% CI,
19.15-58.96), the M2 in 10.53% (2/19; 95% CI, 2.94—
31.39), and the M3 in 5.26% (1/19; 95% CI, 0.94-24.64;
Table 1).
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Aneurysm size was reported in all patients. Seventy percent
were giant (14/20; 95% CI, 48.1-85.45); 20% (4/20; 95% ClI,
8.07-41.6) were large, and 10% (10% 2/20; 95% CI, 2.79—
30.1) were small.

Approximately, the 52.63% of the aneurysms were fusi-
form (10/19;95% CI, 31.71-72.67) and 47.37% were saccular
(9/19; 95% CI, 27.33-68.29).

Partial thrombosis was reported in 95% of the aneurysms
(19/20; 95% CI, 76.39-99.11) and total thrombosis in 5% (1/
20; 95% Cl, 0.89-23.61).

Surgical-treated group (95 patients)

Localization of the aneurysms on the MCA segment was re-
ported in 86/95 out of patients (90.53%; 95% CI, 82.97—
94.94). The most common location was the MCA bifurcation
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Fig. 3 Preoperative DSA (a) showing a giant right MCA bifurcation
aneurysm, previously treated with GDCs and partially thrombosed. The
aneurysm appears re-perfused due to coil compaction in the super-lateral
portion of the sac (type 6 according to Lawton’s classification). Two
bifurcation branches originated from aneurysmal neck. The patient
underwent aneurysm debulking with ultrasonic aspirator saving the neck
endothelium; the redundant aneurysmal wall was resected, and neck re-
construction was performed with a tandem of titanium clips. No
thrombization of the parent vessel or the distal branches occurred.
Postoperative DSA (b) showed the complete aneurysmal exclusion and
the preservation of the distal MCA flow

in 73.26% (63/86; 95% C1, 63.05-81.47), followed by M1 in
8.14% (7/86;95% CI, 4.0-15.86), M2 in 13.95% (12/86; 95%
CI, 8.17-22.82), and M3 in 4.65% (4/86; 95% CI, 1.82—
11.36; Table 1).

Aneurysm size was reported in 93/95 out of cases (97.89%;
95% CI, 92.65-99.42). About 56.99% of patients harbored
giant thrombosed aneurysms (53/93; 95% CI, 46.85-66.58),
the 40.86% showed large aneurysms (38/93; 95% CI, 31.43—

51.02), and the 2.15% small aneurysms (2/93; 95% CI, 0.59—
7.51).

Details about morphology were reported in 86/95 out of
aneurysms (90.53%; 95% CI, 82.97-94.94): 72.09% were
saccular (62/86; 95% CI, 61.83-80.47), 22.09% were fusi-
form (19/86; 95% CI, 14.62-31.95), 4.65% dissecting (4/86;
95% CI, 1.82-11.36), and 1.16% serpentine (1/86; 95% ClI,
0.21-6.3).

Partial thrombosis was reported in about 93.62% out of
aneurysms (88/94; 95% CI, 86.77-97.04), while a subtotal
and a total thrombosis were both reported in 3.19% (3/94;
95% CI1, 1.09-8.97).

Ruptured status
Endovascular-treated group (20 patients)

Unruptured aneurysms (HH = 0) were reported in 80% out of
patients (16/20; 95% CI, 58.4-91.93), whereas ruptured aneu-
rysms (with HH = 1-2) was described in 20% (4/20; 95% CI,
8.07-41.60; Table 1).

Surgical-treated group (95 patients)

Unruptured aneurysms (HH = 0) were found in about 27.37%
out of patients (26/95; 95% CI, 19.41-37.08), while ruptured
aneurysms in 72.63% (with HH =1-4) (69/95; 95% ClI,
62.92-80.59; Table 1).

Type of treatment and occlusion rate
Endovascular-treated group (20 patients)

Twenty patients out of 115 (17.39%; 95%CI 11.55-25.34)
underwent endovascular treatment.

Coiling stand-alone was the procedure of choice in 65%
out of patients (13/20; 95% CI, 43.29-81.88), followed by
stent or stent assisted coiling in 30% (6/20; 95% CI, 14.55—
51.9), and trapping in 5% (1/20; 95% CI, 0.89-23.61).

The percentage of occlusion was reported in all patients. A
total occlusion was described in 65% out of cases (13/20; 95%
CI, 43.29-81.88), a subtotal occlusion in 25% (5/20; 95% CI,
11.19-46.87), and a partial occlusion in 10% (2/20; 95% CI,
2.79-30.1).

Surgical-treated group (95 patients)

Ninety-five patients out of 115 (82.61%; 95% CI, 74.66—
88.45) underwent surgery. About 63.16% out of them (60/
95; 95% Cl, 53.12—72.17) underwent clipping reconstruction,
about 2.11% (2/95; 95% CI, 0.58-7.35) were treated with a
bypass, 10.53% (10/95; 95% CI, 5.82—18.3) with trapping
with no by-pass, 18.95% (18.95%; 95% Cl, 12.33-27.97)
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with trapping with bypass, and about 5.26% (5/95; 95% CI,
2.27-11.73) with wrapping.

The percentage of exclusion was reported only in 36 out of
95 patients (37.89%; 95% Cl, 28.79—47.94). Among them, a
total exclusion was described in about 94.44% out of cases
(34/36; 95% CI, 81.86-98.46), and a subtotal exclusion in
5.56% (2/36; 95% CI, 1.54-18.14).

Complications and clinical outcomes
Endovascular-treated group (20 patients)

The occurrence of complications after endovascular proce-
dures was reported overall in 20% out of patients: in particu-
lar, a permanent hemiparesis was reported in 15% (3/20; 95%
CI, 5.24-36.04) and a transient hemiparesis in 5% (1/20; 95%
CI, 0.89-23.61), whereas no complications were reported in
80% out of cases (16/20; 95% CI, 58.4-91.93).

Clinical and radiological outcomes were reported in 19/20
out of patients (95%; 95% CI, 76.39-99.11), with a mean
follow-up of 22.6, and 15.5 months, respectively. According
to GOS, a good outcome (GR or MD) was described in
89.47% out of cases (17/19; 95% CI, 68.61-97.06) out of
cases, and a SD in 10.53% (2/19; 95% CI, 2.94-31.39). In
agreement, the same 89.47% out of patients showed a mRS
score between 0 and 2 and 10.53% between 3 and 4. Fatal
complications were not reported in any case.
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Surgical-treated group (95 patients)

The occurrence of complications after surgery was overall
reported in 20.22% out of patients (18/89; 95% CI, 13.19—
29.87). A transient hemiparesis was reported in 6.74% (6/18;
95% CI, 3.13-13.94), and a permanent hemiparesis in 5.62%
(5/18;95% CI, 2.42—12.49), while an intraoperative aneurysm
rupture was reported in 7.87% out of cases (7/18; 95% CI,
3.86-15.36). No complications were described in 79.78% out
of patients (71/95; 95% CI, 70.28-86.81).

Clinical and radiological outcomes were reported in about
98.95% out of cases (94/95; 95% CI, 94.28-99.81), with a
mean follow-up of 17.8 and 11.5 months, respectively.

According to GOS, a good outcome (GR and MD) was
reported in 86.17% out of patients (81/94; 95% CI, 77.76—
91.74) and a poor outcome (SD, VS, and D) in 13.83% (13/
94; 95% CI, 8.26-22.24; Table 1). In agreement, the same
86.17% out of patients showed a mRS score between 0 and
2,9.57% amRS between 3 and 4, and 4.26% between 5 and 6.
The mortality rate was 4.26% (4/94 out of patients; 95% CI,
1.67-10.44).

Outcomes comparison between patients with saccular
and fusiform aneurysms

Patients were divided according to the aneurysm morphology
in saccular and fusiform (also including the four dissected
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Table 1 Outcome comparison between patients who underwent
endovascular (stenting, stent-assisted coiling, trapping) vs. surgical pro-
cedures (clipping, bypass stand alone, trapping + bypass, trapping stand
alone, wrapping)

Endovascular Surgery Adjusted
N (%) N (%) p value
Raw number
20 95
Morphology
Saccular 9/19 (47.3) 62/86 (72) 0.0563
Fusiform 10/19 (52.6) 19/86 (22) 0.0110
Serpentine 0/19 (0) 1/86 (1.1) 1.00
Dissecting 0/19 (0) 4/86 (4.6) 1.00
Topography
MCA bifurcation 9/19 (47.3) 63/86 0.40
(73.2)
Ml 7/19 (36.8) 7/86 (8.1) 0.0034
M2 2/19 (10.5) 12/86 1.00
(13.9)
M3 1/19 (5.2) 4/86 (4.6) 1.00
Size
Small 2/20 (10) 2/93 (2.1) 0.1435
Large 4/20 (20) 38/93 0.12
(40.8)
Giant 14/20 (70) 53/93 0.69
(56.9)
Thrombosed status
Partial 19/20 (95) 91/94 0.54
(96.8)
Total 120 (5) 3/94 (3.1)
Ruptured status
Unruptured 16/20 (80) 26/95 0.0001
(27.3)
Ruptured 4/20 (20) 69/95
(72.6)

Intraoperative complications

Permanent 3/20 (15) 5/89 (5.6) 0.16
hemiparesis
Transient 1/20 (5) 6/89 (6.7) 1.00
hemiparesis
Bleeding/perforation 0/20 (0) 7/89 (7.8) 0.34
All complications 4/20 (20) 18/89 1.00
(20.2)
None 16/20 (80) 71/89
(79.7)
GOS score
Good (GR + MD) 17/19 (89.4) 81/94 1.00
(86.1)
Poor (SD+ VS +D)  2/19(10.5) 13/94
(13.8)
mRS score
Good (0-2) 17/19 (89.4) 81/94 1.00
(86.1)
Poor (3-6) 2/19 (10.5) 13/94
(13.8)

aneurysms, which were morphologically fusiform); the only
serpentine aneurysm was excluded from this dichotomic anal-
ysis (Table 2).

A significantly higher percentage of saccular aneurysms
involved the MCA bifurcation (87.32 vs. 23.07%; p=
0.0001); on the other hand, fusiform aneurysms were signifi-
cantly more frequent on M1 and M2 segments.

Ruptured aneurysms were significantly more frequent
among saccular (78.87 vs. 21.21%), whereas the fusiform
ones were more frequently unruptured (78.78 vs. 21.12%;
p=0.0001).

Surgery was the treatment of choice in 87.32% of saccular
aneurysms compared with 69.69% of the fusiform ones, while
endovascular treatment was preferred in 30.30% of fusiform
aneurysms compared with 12.67% of the saccular ones; how-
ever, this difference only showed a trend of significance. Rate
of complications and clinical outcome did not significantly
differ between the two groups.

Outcomes comparison between patients
with ruptured and unruptured aneurysms

Patients were also divided according to the ruptured status of
the aneurysms (Table 3). The percentage of saccular aneu-
rysms was significantly higher among ruptured ones (77.77
vs. 45.45%; p =0.0016), whereas fusiform aneurysms were
significantly more frequent among non-ruptured (48.48 vs.
18.05%; p =0.002). The percentage of dissecting and serpen-
tine aneurysms were similar between the two groups.

In addition, ruptured aneurysms were significantly more
frequent at the MCA bifurcation compared with the other
MCA segments (87.67 vs. 46.87%; p =0.0001).

Concerning the size, the percentage of large ruptured aneu-
rysms was higher than that of large unruptured (44.4 and
24.3%); instead, there were no differences by comparing small
and giant aneurysms.

Surgical treatment was the treatment of choice in ruptured
aneurysms (94.72 vs. 41.93%), whereas the endovascular ap-
proach was mostly preferred in unruptured ones (p = 0.0001).
Nevertheless, the angiographic outcomes were comparable
between the two groups.

The total rate of treatment related complications was slight-
ly higher for ruptured aneurysms (26 vs. 20%), but a signifi-
cantly higher incidence of a new postoperative hemiparesis
was reported in patients treated for unruptured aneurysms
(p =0.0098). However, the outcome was not significantly dif-
ferent between the two groups.

Outcomes comparison between patients who
underwent surgery or endovascular treatment

Patients were finally divided according to the treatment in
those who underwent surgery (including clipping, bypass
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stand-alone, trapping + bypass, trapping stand-alone, wrap-
ping) and endovascular treatment (including stenting, stent-
assisted coiling, trapping, Table 1).

Surgery was the treatment of choice for ruptured aneu-
rysms, while the endovascular procedures were preferably
adopted for the unruptured ones, particularly when fusiform,
and regardless of their size. There were no different rates of
complications and clinical outcome between the two treatment
modalities.

Discussion

Thrombosed intracranial aneurysms are heterogeneous lesions
with complex vascular anatomy, and the MCA is considered a
very common site for their formation, with a frequency of up
to 41% [23].

Spontaneous thrombosis of saccular aneurysms may occur
up to 40% of giant aneurysms, which eventually become
symptomatic due to mass effect or stroke. On the other hand,
spontaneous thrombosis of non-giant (< 25 mm) saccular an-
eurysm is rarer [9].

Black and German demonstrated the relationship among
aneurysmal volume, aneurysmal orifice (neck size), and
intra-aneurysmal thrombus formation by biophysical and he-
modynamic studies. A larger volume/orifice ratio causes
slower flow and longer blood retention time, resulting in
intra-aneurysmal thrombosis [4]. Hence, this may be a reason
why giant intracranial aneurysms have a higher incidence of
thrombus formation compared with the smaller ones.

This kind of aneurysms often possess complex characteris-
tics like morphology (fusiform or serpentine), origin of MCA
branches, and mural calcifications. They can clinically present
with rupture or, if unruptured, they can cause mass effect due
to their dimension or perilesional edema. They can also cause
ischemic stroke secondary to distal embolization. When deal-
ing with a thrombotic aneurysm, the standard surgical clipping
techniques collide with the solid mass caused by the throm-
bus, requiring the surgeon to deploy more risky and complex
strategies such as trapping the aneurysm with or without re-
vascularization of downstream regions or removing the
thrombus and reconstructing the neck with one or more clips.

In recent years, the interest of the literature on this topic has
been progressively increasing, but the majority of the pub-
lished papers are case reports, small series reporting on
thrombosed aneurysms in different locations, and mixed series
including thrombosed and non-thrombosed MCA aneurysms.

Our paper is the first systematic review focusing on
thrombosed aneurysms involving the MCA. We collected the
data from literature and from our own experience, including a
total of 115 thrombosed MCA aneurysms. Then we performed
a pooled analysis of demographics, angioarchitectural features,
treatments, and outcomes.
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We found that most of the thrombosed MCA aneu-
rysms had a saccular morphology (67.6%) and large or
giant dimensions (86.7%). The thrombosis was partial in
almost all cases (96.1%). From the topographic point of
view, more than 2/3 of these aneurysms were located at
the MCA bifurcation (67.3%), suggesting underlying
flow-related factors involved in the pathophysiology sim-
ilar to those reported for non-thrombosed aneurysms [58,
59].

The most common angioarchitectural features of
thrombosed MCA aneurysms found in this pooled analysis
appeared in agreement to those already reported in the two
largest published series by Lawton et al. [35] and Nurminem
et al. [47], who respectively described 11 and 26 cases, with a
prevalence of saccular aneurysms, partially thrombosed, and
mainly located at the bifurcation.

In particular, we found that the saccular aneurysms were
those more frequent at the MCA bifurcation, whereas the fu-
siform ones primarily involved the distal MCA segments (p >
0.02; Table 2). The percentage of ruptured aneurysms was
significantly higher among the saccular compared with the
fusiform (p = 0.0001).

Pathophysiology of aneurysms’ thrombosis

During aneurysms’ formation, the occurrence of thrombosis
represents a healing mechanism by which the aneurysm cavity
may be occluded and the parent artery remodeled [39]. Its role
is therefore to form a plug on the injured vessel to prevent
rupture and allow a tissue remodeling. In fact, the absence of
wall calcifications and intraluminal thrombosis were associat-
ed with increased risk of rupture of giant aneurysms in a pre-
vious study [12].

The mechanisms leading to thrombosis depend on bio-
chemical factors, morphometric characteristics of the aneu-
rysm, and the related blood flow pattern. Several major
points involve the triggering of specific red blood cells—
platelet dynamics along with a complex network of wall
proteins interactions [15], and the production of thrombin
by the endothelial cells exposed to a low wall shear stress
[39].

Computational fluid dynamics (CFD) models provided de-
tailed analysis of flow (pressure, velocity, wall shear stress) in
aneurysms [55]. Slow recirculating flows may cause extended
residence time and lead to compromised mass transfer, poten-
tially causing blood coagulation [58, 59]. The pulsatility in-
fluences the flow patterns changing the recirculating flow re-
gions over the cardiac cycle. Moreover, the formation of
thrombus may occur over a short time rather than as a slow
layering process [52].

From a clinical point of view, spontaneous thrombosis is
found more frequently in giant aneurysms than in smaller ones
[8, 33]. Clotting can either facilitate the rupture through
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Table 2 Outcomes comparison between patients with saccular and
fusiform aneurysms
Saccular Fusiform® Adjusted
N (%) N (%) p value
Raw number
71 33
Topography
ACM bifurcation 62/71(87.3)  6/26 (23) 0.0001
Ml 4/71 (5.6) 8/26 (30.7) 0.0024
M2 4/71 (5.6) 8/26 (30.7) 0.0024
M3 1/71 (1.4) 4/26 (15.3) 0.0175
Size
Small 2/71 (2.8) 2/31 (6.4) 0.58
Large 38/71(53.5) 12/31(38.7)  0.19
Giant 31/71(43.6)  17/31(54.8) 038
Thrombosed status
Partial 68/71(95.7)  31/32(96.8)  1.00
Total 3/71 (4.2) 1/32 (3.1)
Ruptured status
Unruptured 15/71 21.1) ~ 26/33(78.7)  0.0001
Ruptured 56/71(78.8)  7/33 (21.2)
Treatment
Endovascular 9/71 (12.6) 10/33(30.3)  0.0536
Surgery 62/71(87.3)  23/33(69.6)

Intraoperative complications

Permanent 5171 (7) 3/32 (9.3) 0.70
hemiparesis

Transient hemiparesis 3/71 (4.2) 3/32.(9.3) 0.37
Bleeding/perforation 6/71 (8.4) 1/32 (3.1) 043

All complications 14/71 (19.7) 7/32 (21.8) 0.79

None 57/71(80.2)  25/32(78.1)

GOS score
Good (GR + MD) 60/69 (86.9)  29/33(87.8) 1.00
Poor (SD + VS + D) 9/69 (13) 4/33 (12.1)

mRS score
Good (0-2) 58/69 (84) 29/33(87.8)  0.76
Poor (3-6) 11/69 (15.9)  4/33 (12.1)

Fusiform aneurysms also include dissecting aneurysms but not the ser-
pentine aneurysm (one case) present in the pool, which was excluded
from this subanalysis

further vascular wall degradation or stabilize the sac by oc-
cluding the aneurysm and preventing rupture [8, 36, 52]. In
giant aneurysms, the thrombus more often predispose to distal
thrombo-embolism or increased the mass effect due to the
distension of the aneurysmal wall, rather than prevent its rup-
ture [10, 52, 65].

Despite continuous improvement in understanding the
thrombosis physiopathology, there is still a great difficulty to
predict its occurrence and progression due to the interdepen-
dence between the biochemical, morphological, and flow-
related factors.

Treatment considerations

Despite the advancement and refinement of microsurgical and
endovascular techniques, the treatment of thrombosed aneu-
rysms of the MCA is still a challenging task.

The morphology (saccular or fusiform) and the anatomic
relationship among the aneurysmal wall, thrombus position,
and residual lumen represent the main criteria adopted for the
classification of thrombosed aneurysms.

Lawton et al. distinguished six types of thrombosed aneu-
rysms: type 1, characterized by saccular morphology with
concentric thrombus; type 2, characterized by saccular mor-
phology with eccentric thrombus; type 3, with saccular mor-
phology with multiple lobes and lobulated thrombus; type 4,
characterized by saccular morphology with complete throm-
bosis; type 5, characterized by fusiform or dolichoectatic mor-
phology and canalized thrombus with an internal lumen; and
type 6, a previously coiled saccular aneurysms with an incom-
plete thrombosis associated with compacted coils [35].

Similarly, Eliava et al. defined three types of thrombosed
aneurysms: type I, characterized by partially thrombosed sac-
cular aneurysms with thrombus extension into the neck; type
11, characterized by partially thrombosed saccular aneurysms
without thrombus in the neck; type III, characterized by par-
tially thrombosed fusiform aneurysms [13].

The aim of these classifications is to identify categories
suitable for different treatment strategies, such as direct clip-
ping, thrombectomy-clip reconstruction, bypass occlusion,
trapping, wrapping, or only observation. In fact, these surgical
series represent the main experiences existing in literature [13,
35], whereas large series of endovascular treatment are not yet
available, except for studies proposing combined approaches
[47, 56].

In the series by Lawton et al., the management strategy was
influenced by the thrombotic aneurysm type, but patient out-
come was not, and the best results were observed in patients
treated with direct clipping and bypass occlusion.

In our own experience, we found that the neck morphology
or its remodeling by the thrombus extension are important risk
factors by the surgical point of view. In fact, in the case of
saccular aneurysms, the thrombus debulking usually stops at
the narrow neck without damaging the endothelium of the
parent vessel; then, the redundant aneurysmal wall is resected
and the vessel wall is reconstructed with one or multiple clips.
In the case of fusiform aneurysms or giant saccular aneurysms
with larger neck size, the thrombus debulking may extend
beyond the limit of the neck causing a de-endothelialization
of the lumen of the parent vessels, which often may result in
thrombosis of the efferent branch.

Our pooled analysis separately enrolled patients treated
with surgery and endovascular procedures, overall showing
that most of the patients reported in literature underwent sur-
gery (82.6%).
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Table 3 Outcomes comparison between patients with unruptured and
ruptured aneurysms

Unruptured Ruptured Adjusted
N (%) N (%) p value
Raw number
42 73
Morphology
Saccular 15/33 (45.4)  56/72 0.0016
(77.7)
Fusiform 16/33 (48.4) 13/72 (18) 0.0020
Serpentine 0/33 (0) 1/72 (1.3) 1.00
Dissecting 2/33 (6) 2/72 (2.7) 0.58
Topography
ACM bifurcation 15/32 (46.8)  64/73 0.0001
(87.6)
M1 7/32 (21.8) 4/73 (5.4) 0.0319
M2 8/32 (25) 3/73 (4.1) 0.0029
M3 2/32 (6.2) 2/73 (2.7) 0.58
Size
Small 3/41 (7.3) 1/72 (1.3) 0.13
Large 10/41 24.3)  32/72 0.0432
(44.4)
Giant 28/41 (68.2)  39/72 0.16
(54.1)
Thrombosed status
Partial 40/42 (95.2)  71/73 0.62
97.2)
Total 2/42 (4.7) 2/73 (2.7)
Treatment
Endovascular 16/42 (38) 4/73 (5.4) 0.0001
Surgery 26/62 (41.9)  69/73
(94.5)
Radiological outcome
Total occlusion 24/30 (80) 13/16 1.00
(81.2)
Subtotal occlusion 3/30 (10) 3/16 (18.7) 0.40
Partial occlusion 3/30 (10) 0/16 (0) 0.54
Intraoperative complications
Permanent hemiparesis ~ 4/35 (11.4) 0/73 (0) 0.0098
Transient hemiparesis 2/35(5.7) 13/73 0.13
(17.8)
Bleeding/perforation 1/35 (2.8) 6/73 (8.2) 0.42
All complications 7/35 (20) 19/73 (26) 0.63
None 28/35 (80) 54/73
(73.9)
GOS score
Good (GR + MD) 39/41 (95.1)  62/71 0.32
(87.3)
Poor (SD + VS + D) 2/41 (4.8) 9/71 (12.6)
Mortality rate 0/41 (0) 4/71 (5.6) 0.29
mRS score
Good (0-2) 39/42 (92.8)  59/71 (83) 0.16
Poor (3-6) 3/42 (7.1) 12/71
(16.9)
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Surgery was preferred by the most of authors as treatment
of patients with ruptured aneurysms without comorbidities, in
presence of (a) aneurysms with unfavorable angioarchitectural
features, such as incorporation of key MCA branches or per-
forators emanating from the sac; (b) need for revascularization
of the distal MCA territory in case of sacrifice of one of its
major branches or for greatly atherosclerotic and calcified par-
ent vessels; (c¢) need for thrombus debulking in cases of
perianeurysmal edema, in order to relieve the mass effect on
the cerebral parenchyma; and (d) in that cases considered
untreatable by the endovascular point of view. In particular,
an aneurysm trapping with or without bypass was performed
in more than half of the surgeries (59.5%), while a simple
clipping exclusion or clipping reconstruction in 31% out of
cases.

Endovascular procedures are mainly performed on
unruptured aneurysms located distal to the bifurcation, which
were mostly fusiform, and rarely amenable to conventional
clipping [13, 35].

The needful to relieve the aneurysm-related mass effect and
to preserve the lenticulostriate arteries represent the two pre-
ponderant factors playing a role in the choice of treatment.
The perianeurysmal edema, in fact, is a phenomenon frequent-
ly observed in giant thrombosed aneurysms (up to 66.7%),
and its entity is related to the volume of the aneurysm [10],
because the mass effect on the brain compresses the venous
system, especially in case of MCA aneurysms, which are lo-
cated into the Sylvian fissure. The presence of perianeurysmal
edema rapidly aggravates the patient’s condition and increase
the treatment morbidity [10, 17, 19]. Our data highlighted that
edema is reported in more than 60% in giant MCA aneurysms,
and it plays a very important role in the choice of treatment,
encouraging a surgical approach.

The lenticulostriate territory, instead, is highly at risk of
ischemia during the surgery of thrombosed aneurysms of
MCA, especially in case of involvement of the M1 segment,
because it lacks a collateral supply.

Therefore, the surgical strategy is mainly dictated by the
presence or absence of perforators along the aneurysmal seg-
ment: if the aneurysm only displaces the perforators, a trap-
ping can be safely performed; when the aneurysm involves the
origin of the lenticulostriate arteries, an EC-IC interpositional
bypass can be used to preserve the blood supply.

In order to avoid ischemic complications, temporary occlu-
sion should be minimized, and a particular care should be
taken during thrombectomy, with preservation of the neck
endothelium, to reduce the risk of proximal and distal throm-
bosis and lenticulostriate occlusion. Eliava et al. also reported
the injection of a fibrinolytic agent into thrombosed MCA
branches as an effective method for the treatment of intraop-
erative thrombosis [13].

Nowadays, on the other hand, a traditional endovascular
stenting still carries a high risk of an intrastent thrombosis,
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with consequent lenticulostriates occlusion, and large series
and long-term angiographic follow-up of new intravascular
devices for giant thrombosed MCA aneurysms are still un-
available [54, 56].

Efficacy and safety

Most of thrombosed aneurysms (particularly if large or giant)
possess unfavorable features and in the past, have been con-
sidered untreatable or treatable with a high risk of poor clinical
outcomes [64]. However, opinions changed in recent years:
many vascular neurosurgeons now consider relatively feasible
and effective surgery, endovascular or combined treatments
[16, 40, 53].

In our pooled analysis, we found that more than 80% of the
included patients underwent a surgical treatment, most of
them (72.6%) after a SAH (p =0.0001). An endovascular
management was instead reported in about 80% of unruptured
aneurysms. However, we did not find any significant differ-
ence in terms of complications and clinical outcome (GOS or
mRS scores) between the two groups.

In the opinion of experienced authors, surgery is the prima-
ry therapy for most thrombotic aneurysms, whereas
endovascular treatment remains a critical adjunct to surgery,
particularly in occluding parent arteries and aneurysms after
bypass, and it is preferable only in selected cases in which the
surgical risks are deemed unacceptably high [35].

In fact, when primary surgical reconstruction of the parent
vessel is not possible, for example in case of giant fusiform
aneurysms or anatomic or functional limitations, such as ag-
gressive swelling or critical branch proximity, combined ap-
proach with EC-IC bypass and endovascular coiling may pro-
vide better results [56].

Our review confirmed that nearly 50% of thrombosed
MCA aneurysms reported in literature that underwent an
endovascular management were part of a combined approach,
and clinical outcomes between surgery and endovascular
treatment were not significantly different.

Complications and clinical outcome

The overall percentages of complications reported in the two
treatment groups were similar, and around 20% of cases.

A good outcome (GR/MD at GOS or mRS between 0 and
2) was instead reported in 85.2% of patients, supporting the
idea that these aneurysms are treatable, although a rate of
about 3.5% of mortality is not negligible.

These data are comparable with those reported in the series
by Lawton et al. where neurological condition was unchanged
or improved in more than 90% of patients after direct clipping
or bypass occlusion and in more than 70% after
thrombectomy plus clip reconstruction [35].

Strengths and limitations

This study presents several limitations. First, 35 of the includ-
ed papers were case reports and 5 were case series including a
small number of patients (from 2 to 9). In addition, the report-
ed evidence is observational and non-comparative. Therefore,
the proportions reported in this review only reflect the pub-
lished cases and may be influenced by some forms of publi-
cation bias. Finally, before the 1990s, the endovascular proce-
dures were not available.

However, among the major strengths is that the evaluation
of long-term prognosis included in this study is rather reliable,
since we were able to obtain the clinical outcome at follow-up
in 113/115 of patients.

Conclusions

This is the first systematic review exclusively focusing on
treatment and outcome of thrombosed MCA aneurysms.
Data from our pooled analysis depict their main structural
and clinical characteristics, proving that this kind of pathology
is treatable with good prognosis in more than 85% of patients,
mainly by surgery, and by endovascular techniques in selected
cases.
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