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Abstract

Objective of the study: We analyze in this study only patients with surgically treated ruptured aneurysms in order to iden-
tify statistical significance of each predictive factor in terms of outcome of patients with ruptured MCAAs.

Materials and methods: In this retrospective study, we analyzed 105 cases of ruptured MCAAs, admitted from January
2001 to December 2015 at Neurosurgical Department of Umberto I University Hospital of Rome, Italy. Predictive factors
evaluated are: Patient’s features (age, sex, co-morbidities), aneurysmal location (proximal, bifurcation or distal) and size of
aneurysmal dome (small, large or giant); surgical timing (ultra-early, early, delayed), and Intracerebral Hemorrhage (ICH)
volume. For each parameter we calculated mean and standard deviation, covariance and relation coefficient (through the
linear regression model).

Results: The clinical evaluation of patients assessed through the World Federation of Neurological Surgeons (WFSN) grading
scale, that is 5 for 37 patients (35.3%), 4 for 28 patients. In 40% of cases the maximum sac diameter was between 7 mm and 12
mm, while in 67% of the cases the aneurysms concerned the bifurcation of the middle cerebral artery. ICH was associated in 57
cases (54.3%). As far as outcome is concerned, at 3 months, 32 patients (30.47%) had a favourable outcome, while 73 (69.52%)
patients had not favourable outcome. To one year, 46 patients (43.8%) had favourable outcomes, while 59 patients (56.19%) had
not favourable outcome. The mean outcomes as mean mRS are significantly less favourable in patients with ICH.

Conclusion: In MCAAs patients, the presence of ICH strongly affects the outcome with a marked increase in mortality and
morbidity. Surgical timing significantly influences the outcomes and ultra-early surgery should always be taken into account.
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Abbreviations

MCAAs: Middle Cerebral Artery Aneurysms; SAH: Subarachnoid Haemorrhage; ICH: Intracerebral Haemorrhage;
WESN: World Federation of Neurological Surgeons; mRS: Modified Rankin Scale; IVH: Intraventricular Haemorrhage;
GCS: Glasgow Coma Scale; OLS: Linear Regression Model; MCAbifAs: Bifurcation Aneurysms; CSF: Cerebrospinal Fluid
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hemodynamic turbulence flow [1,2]. The rupture of this  Received: June 10, 2017; Accepted: November 23, 2017;
aneurysm causes Subarachnoid Hemorrhage (SAH), with ~ Published online: November 25, 2017

frequently associated Intracerebral Hemorrhage (ICH). Citation: Ruggeri AG, Fazzolari B, Di Bartolomeo A, et al.
The associated ICH seems to be a significant prognostic (2017) Ruptured Middle Cerebral Artery Aneurysms: Ret-
factor’ and usuauy presents as a temporal ICH, or less rOSpeCtive Study and Multivariate AnaIySiS Of 105 Patients
frequently as intra-sylvian hematoma. Best management UL 237 Sgtez G g NSy RES R 1l
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strategy of MCAAs is still discussed: The rapid evolution
in endovascular coiling or stenting techniques achieved
similar results to those of the surgical clipping: Choos-
ing the best treatment indication randomly changes. We
analyze in this study only patients with surgically treated
ruptured aneurysms in order to identify statistical signif-
icance of each predictive factor in terms of outcome of
patients with ruptured MCAAs.

In this retrospective study, we analyzed 105 cases of rup-
tured MCAAs, admitted from January 2001 to December
2015 at Neurosurgical Department of Umberto I Universi-
ty Hospital of Rome, Italy. Within these 105 patients, there
were 48 patients presenting with aneurysmal rupture and
Subarachnoid Hemorrhage (SAH) and 57 who present-
ed with associated ICH. Inclusion criteria are: 1) All adult
patients surgically treated for ruptured MCAAs; 2) With
or without aneurysm localization and 3) With or without
re-bleeding. Exclusion criteria are: 1) Aneurysms treated by
endovascular embolization/stenting; 2) Patients admitted
for another aneurysm location than MCA; 3) Post-traumat-
ic aneurysmal rupture 4) Unruptured aneurysms. The diag-
nostic techniques used have been CT angiography, and/or
preoperative angiography. Predictive factors evaluated are:
Patient’s features (age, sex, co-morbidities), aneurysmal lo-
cation (proximal, bifurcation or distal) and size of aneurys-
mal dome (small, large or giant); surgical timing (ultra-ear-
ly, early, delayed), and ICH volume.

Clinical evaluation scale

The clinical grade have been assigned to each patient
at admission time according to the World Federation of
Neurological Surgeons (WFNS) grading score, basing on
Glasgow Coma Scale (GCS) and presence or absence of
focal deficits. Each patient have been classified in terms
of outcome as having either a good recovery including
moderate disability (a favorable outcome) or a poor re-
covery including severe disability, or vegetative state
(not favorable outcome). Functional outcome of patients
after 3 months and after 1 year was evaluated using the
Modified Rankin Scale (mRS). It was judged as favorable
(mRS = 1-3) and not favorable (mRS = 4-6).

Severity evaluation scale

In this study we have used Fisher scale to evaluate
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severity of SAH and ICH score which allows risk strat-
ification on presentation with ICH [3-5]. These models
usually include criteria related to neurological condition
(GCS) and neuroimaging findings (ICH volume, IVH,
location).

Aneurysmal features

The size of the aneurysmal dome was measured using
the largest diameter measurement based on the long or
perpendicular axis of the dome. The aneurysm sizes have
been divided into four categories: 1) Smaller than 7 mm;
2) Between 7-12 mm; 3) 12-24 mm; 4) > 24 mm. MCAAs
have been classified into 3 groups according to the loca-
tion of the aneurysm neck: Proximal (n = 16), bifurca-
tion (n = 70), and distal aneurysms (n = 19).

Criteria for assignment to surgical treatment

Historically, middle cerebral artery aneurysms have
been considered surgical lesions. This type of aneurysms
is not frequently accounted ideal for endovascular coil-
ing for their unfavorable anatomic features (wide neck
and partial incorporation of one or both M2 branches).
However, endovascular techniques for aneurismal treat-
ment have significantly expanded [6].

In our series, the choice of surgical treatment was based
on physician on-call schedule evaluation in emergencies,
indeed 54.28% of patients have been treated in ultra-early
surgery, 33.33% in early surgery, and only 12.28% in de-
layed surgery. Criteria for assignment to surgery have been
the presence of ICH and wide neck aneurysm.

Surgical procedure

Through a pterional craniotomy, wider than the or-
dinary approach used for aneurysms, obliteration of
MCAA was performed via a trans-sylvian approach us-
ing standard microsurgical dissection [7]. In 24 patients
ICH evacuation was accomplished after aneurysmal clip-
ping, on the other hand in 33 patients it was performed
before aneurysmal clipping; the only aneurysmal clip-
ping was performed in 44 patients without ICH. In case
of brain swelling, a duroplasty was performed and the
bone flap was not replaced.

Statistical analysis

We studied all collected data with the programs Excel

Table 1: Clinical, radiological and ICH evaluation at admission.

ICH score No of patients (%) WFSN No of patients (%) Fisher scale No of patients (%)
1 5 (8.77%) 1 20 (19%) | 10 (9.5%)

2 23 (40.35%) 2 10 (9.5%) Il 15 (14.28%)

3 12 (21.05%) 3 10 (9.5%) 1l 23 (21.90%)

4 11 (19.29%) 4 28 (26.6%) \% 57 (54.3%)

5 6 (10.52%) 5 37 (35.3%)

6 0 (0%)

Ruggeri et al. J Neurosurg Res Rev 2017, 1(1):6-13

e Page 7 o



n
&
ASc

SCHOLARLY PAGES

and MATLAB. For each parameter we calculated mean
and standard deviation and when necessary Spearman’s
rank correlation coefficient, covariance and relation co-
efficient (through the linear regression model).

The mean age of the patients included in our study
was 59 * 13 years, with a very large age range, from 22
to 96 years. Out of 105 patients, 60 are female (62%) and
45 male (38%). show the WENS grade, Fisher
scale and ICH score at the entrance of subjects included
in the study. An associated ICH is present in 57 patients
(54.3%). Most of patients (23) present an ICH score of 2,
12 patients have an ICH score = 3, 11 patients have ICH
score = 4, 6 patients have ICH score of 5 and 5 patients
present ICH score of 1. In 57 patients (54.3%) the CT
Angiography shows Fisher scale grade IV. The clinical
evaluation of patients assessed through the WFSN grad-
ing scale; is 5 for 37 patients (35.3%), 4 for 28 patients.
Regarding the aneurysmal diameter and the localization,
in the 40% of cases the maximum diameter was between

Table 2: Outcome at 3 months and 1 year.
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7 mm and 12 mm, while in 67% of the cases the aneu-
rysm concerned the bifurcation of the middle cerebral
artery. About surgical timing, in 57 patients (54.28%)
we performed evacuation of hematoma and clipping
of the aneurysm in ultra-early surgery (< 12 h) from
the onset of symptoms, in 35 patients (33.33%) in early
surgery (< 48 h) and in 13 patients (12.38%) in delayed
surgery (> 48 h). The 8.7% of aneurysms re-bleached af-
ter the first event in ultra-early surgery patients, where-
as in early-surgery and in delayed surgery patients the
re-bleeding occurred in 17.14% and 15.30% respectively.
Concerning outcome, at 3 months, 32 patients (30.47%)
had a favourable outcome, meaning mRS < 2, while 73
patients (69.52%) had not favourable outcome, meaning
mRS > 3. In one year, 46 patients (43.8%) had favourable
outcomes, while 59 patients (56.19%) had not favourable
outcome. The mortality rate at 3 months and 1 year after
bleeding was 14.28% (15 patients) and 20% (21 patients)
respectively, reported in . In addition, the mean
outcomes as mean mRS are significantly less favourable
in patients with ICH (see below). In are summa-
rized all data analyzed with their statistical significance.
It is noted that among the parameters we analyzed, those
that were statistically significant (p-value < 0.05) are
the presence or absence of ICH, age of the patients, the
clinical status at the entrance (WENS grade), the surgi-
cal timing and the severity of SAH (Fisher scale). The
diameter and seat of the aneurysm does not appear to
influence outcome. In our study, the analysis of the latter
two parameters in relation to surgical outcome was not
statistically significant.

Table 3: Summary of each values considered and their influence on outcome.

mRS grade No of patients at 3 No of patients at 1
months year

0 6 (5.7%) 25 (23.8%)

1 13 (12.38%) 7 (6.6%)

2 13 (12.38%) 14 (13.3%)

3 6 (5.7%) 13 (12.38%)

4 13 (12.38%) 12 (11.4%)

5 39 (37.14%) 13 (12.38%)

6 15 (14.28%) 21 (20%)

Values Outcome

Good

No-ICH 29 (60.41%)

ICH 17 (29.8%)

Age (Years) 57.25+11.3

WFENS [-II-11I 29 (72.5%)

WFNS V-V 25 (38.4%)

Diameter of the aneurysm sac

<7 mm 14 (58.3%)

7-12 mm 18 (41.8%)

12-24 mm 11 (36.6%)

> 25 mm 3 (37.5%)

Seat of the aneurysm

Prossimal 5(31.2%)

Bifurcation 33 (47.1%)

Distal 8 (42.1%)

Ultra-early surgery 32 (56.1%)

Early surgery 11 (34.3%)

Delayed surgery 3 (23.1%)

Fischer I-II 16 (64%)

Fisher 111 11 (47.9%)

Fisher |-V 19 (33.4%)

Ruggeri et al. J Neurosurg Res Rev 2017, 1(1):6-13

P value
Poor
19 (39.5%) 0.01
40 (70.1%)
64.33 + 10.9 0.001
11 (27.5%) 0.001
40 (61.5%)

NS
10 (41.6%)
25 (58.1%)
19 (63.3%)
5 (62.5%)

NS
11 (68.7%)
37 (52.8%)
11 (57.9%)
25 (43.8%) 0.005
24 (65.7%)
10 (76.9%)
9 (36%) 0.005

12 (52.1%)
38 (66.6%)
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Figure 1: The effect of the ICH score on outcome at three months.

ICH and outcome

The mean 3 months and 1 year mRS in patients with
ICH was respectively 4.3 + 0.72 and 3.6 + 0.81. The mean
3 months and 1 year mRS in patients without ICH was
3.3 £ 0.64 and 2.6 £ 0.73 respectively. In patients with
ICH, the mean ICH score (see ) was 2.82 + 1.13.
We also estimated the correlation (p) (values between
-1 and 1) between the ICH score and three-months and
one-year results, obtaining the following values: 0.73 at 3
months and 0.60 at one year, both positive. The covari-
ance o (ICH score, mRS) at three months and one year
was 1.44 and 1.13 respectively, both positive to indicate
that the two values positively combined. In last through
a Linear Regression Model (OLS) we estimated the vari-
able regression coefficient ICH score against mRS (and
therefore outcome) obtaining the following results: 0.93
to three months and 0.81 to a year. This indicates that an
increase of 1 ICH-score units involves an expected in-
crease in the score in the MRS scale of 0.93 and 0.81 in
three months to a year ( and ).

Surgical timing and outcome

As we told before, 54.28% of patients have been treat-
ed in ultra-early surgery, 33.33% in early surgery, and
12.28% in delayed surgery. We investigate how this pa-
rameter could influence the outcome in patient’s object
of our study. In patients in the first group (ultra-early
surgery) the outcome was favourable to one year in 32 pa-
tients (56.1%), not favourable in 25 patients (43.8%). In
patients in the second group (early surgery) the outcome
was favourable in 11 patients (34.3%), not favourable in
24 patients (65.7%). In patients in the third group (de-

Ruggeri et al. J Neurosurg Res Rev 2017, 1(1):6-13

layed surgery), the outcome was favourable in 3 patients
(23.1%), not favourable in 10 patients (76.9%). We also
estimated the correlation (p) (values between -1 and 1)
between the "surgical timing" value and the three-month
and one-year outcome, obtaining the following values:
0.41 at three months and 0.57 at one year, both positive.
The covariance o (surgical timing-mRS) at three months
and one year was respectively 1.22 and 1.35, both posi-
tive to indicate that the two values positively combined.
Finally, through a Linear Regression Model (OLS), we es-
timated the regression coefficient of the "surgical timing"
variable against the mRS (and therefore the outcome),
obtaining the following results: 0.53 at three months and
0.62 at one year. This indicates that an increase of one
hour between the onset of symptoms and the surgery in-
volves an expected increase in the score in the mRS scale
of 0.53 to 3 months and 0.62 in a year. See and

. To investigate the effect and weight of these
two parameters on outcome, we estimated the margin-
al effects on the outcome of the ICH score (severity of
hemorrhage) and surgical timing using the aforemen-
tioned linear regression model. We then calculated the
regression coefficient of both variables against the mRS
obtaining the following results: 0.45 for the ICH score
and 0.32 for surgical timing at the three-month; 0.29 for
the ICH score and 0.63 for surgical timing at one-year.
This means that, although in all cases the coeflicients are
positive and useful to predict the outcome of the patient,
at three months the mRS (early outcome) was more in-
fluenced by the score and hence the severity of the ICH.
While at 1 year the situation was reversed: The outcome
was more affected by surgical timing.
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Figure 2: The effect of the ICH score on outcome at 1 year.
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Figure 3: Surgical timing effect on outcome at 3 months.
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Figure 4: Surgical timing effect on outcome at 1 year.

Ruggeri et al. J Neurosurg Res Rev 2017, 1(1):6-13

e Page 10 o



n
é
ASc

SCHOLARLY PAGES

Citation: Ruggeri AG, Fazzolari B, DiBartolomeo A, etal. (2017) Ruptured Middle Cerebral Artery Aneurysms: Retrospective
Study and Multivariate Analysis of 105 Patients Treated by Surgical Clipping. J Neurosurg Res Rev 1(1):6-13

Clipping/Haematoma evacuation

4 362 3.92 543
3.5
3
2.5
2
1.5
1
0.5
0
FIRST CLIPPING FIRST
HAEMATOMA
EVACUATION

B MRS at 3 months

Figure 5: Mean outcomes in patients submitted firstly to hematoma evacuation or aneurysmal dome clipping.

Il MRS at 1 year

Aneurysm clipping and hematoma evacuation

In our series, 24 of patients with ICH (42.1%) first-
ly have been submitted to clipping of the aneurysm and
then to hematoma evacuation. In 33 patients (57.9%)
firstly have been performed hematoma evacuation and
then clipping of the aneurysm. In the 48 patients without
ICH, only the clipping of the aneurysm was carried out.

shows instead the average mRS and therefore
the average 3 months and one-year outcome respective-
ly in patients who were first subjected to clipping of the
aneurysm or before hematoma evacuation. The best out-
come was found in patients who first went to evacuation
of hematoma and therefore to the clipping of the aneu-
rysm. However, this analysis was not statistically signifi-
cant (p-value: 0.1).

MCAAs features

The MCA is the largest of the cerebral arteries; its diam-
eter at the origin is about 4 mm (range, 2.4-4.6 mm) and its
course begins at the ICA bifurcation and proceeds laterally
below the anterior perforated substance within the sylvian
fissure dividing into its main trunks. The MCA branches
reach the cortical surface of frontal, parietal and temporal
opercula lobes. Aneurysms of MCA artery (MCAAs) repre-
sent 18-40% of all intracerebral aneurysms and the most fre-
quent location is at the main MCA bifurcation. Because of
the variety of MCAAs morphology, size, location and pro-
jection, in literature some MCA As classifications have been
proposed in order to identify the best management strate-
gy. Dashi R, et al. [8] proposed a five-types classification of
MCA Bifurcation Aneurysms (MCAbifAs), composed by
intertruncal MCADbifAs (type 1), inferior MCADbifAs (type
2), lateral MCADifAs (type 3), insular MCADbifAs (type 4)
and complex MCADifAs (type 5). For each of these types

Ruggeri et al. J Neurosurg Res Rev 2017, 1(1):6-13

the Author described a different head positioning, Sylvian
scissure’s dissection and temporary and final clipping strat-
egy. MCADbifAs present more than other kinds of MCAAs
a heterogeneous morphology due to their localization on
the principal artery. Our study includes all MCAAs that
have been considered within three principal groups: Prox-
imal, main bifurcation and distal: MCAAs can be located
in the proximal segment of the principal artery (M1) or at
the main MCA bifurcation (MCADbif) or distally (M2-M3).
Regarding the size, we have distinguished MCAAs in small
(< 7 mm), medium (7-14 mm), large (15-24 mm) or giant
(> 24 mm); morphologically MCAAs can be saccular, blis-
ter-like or fusiform.

Treatment choice

The discussion about the best treatment choice be-
tween endovascular coiling/stenting or surgical clipping
has just begun years ago. Bracard, et al. [9] evaluated
clinical outcome in a series of 140 MCAAs treated by
endovascular coiling and reported a persistent occlusion
rate of 83.3% at 1 year post-treatment. Brinjikji, et al.
[10] confirmed an obliteration rate at follow-up of 82.4%
with an overall coiling procedure-related morbidity and
mortality of 6% for ruptured aneurysms. Whereas Kim
KH, et al. [6] reported an obliteration rate of 93% within
the endovascular coiling group of 30 patients, compared
with an obliteration rate of 92% in the surgical clipping
group of 78 patients. The Author preferred the surgical
clipping to the endovascular coiling embolization, and
suggested to consider coiling for patients with serious
medical problems or where there is the risk of damaging
perforating lenticulostriate arteries on the MCA during
surgery. During the last years the rapid evolving of en-
dovascular coiling technique has given more experience
among neurovascular interventional radiologists and
neurovascular surgeons, indeed comparisons in terms of
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morbidity and mortality between the two techniques re-
sult similar. Diaz OM, et al. [11] reported a higher overall
rate of complications and retreatment in the endovascu-
lar group than surgical one, despite what the functional
outcome of the two groups resulted similar at the fol-
low-up. The International Subarachnoid Aneurysm Trial
(ISAT) Collaborative Group enrolled 2143 patients with
ruptured intracranial aneurysms, of which patients with
middle cerebral artery aneurysms are under-represent-
ed because the anatomy of the aneurysmal neck is more
often unfavourable for endovascular treatment [12]. Mi-
crosurgical clipping is still the preferred treatment mo-
dality in most centres due to the relative superficial posi-
tion of these aneurysms and to the ICH often associated:
The surgical approach gives a straightforward trajectory
to the aneurysmal dome. Moreover surgery allows re-
leasing Cerebrospinal Fluid (CSF) which improves man-
agement of the increased intracranial pressure.

Outcome

Our study targets ruptured MCAAs surgically treat-
ed and their outcome in relation with clinical evalua-
tion, surgery timing, topographical features of MCAAs
and the high percentage of an intra-cerebral haema-
toma (ICH = 54.3%). We have included in our study
only surgically treated patients with ruptured MCAAs:
There is a prevalence of MCADifAs, which is the most
superficial line of the MCA (67%). Most of patients have
been treated within 12 hours from the symptoms onset
(54.3%) and in these patients we have reached the best
results in terms of outcome, evaluated with the Modified
Rankin Scale (mRS). Furthermore these patients show
a re-bleeding rate of 8.7%, the lowest within the three
groups (ultra-early, early and delayed surgery). There
is a positive relationship between the surgical timing
and mRS Score, meaning that an increase of one hour
between the onset of symptoms and surgery causes a
worsening in 3 months and 1 year outcome. Therefore
all patients should be treated within 12 hours from the
onset of symptoms, in order to improve outcome. ICH
is an independent and relevant parameter to evaluate in
terms of choice for timing and treatment modality [13-

]. Our analysis proves that an increase of 1 point of
ICH score has a linear relationship with an increase in
the mRS scale as to 3 months as to 1 year outcome. The
early outcome is more influenced by ICH severity score,
while at 1 year is more influenced by surgical timing.
Hence, the higher morbidity and mortality are strictly
related to the brain swelling due to the ICH volume. A
forward hematoma evacuation allows earlier cisternal
decompression in order to reach more easily and quick-
ly aneurysmal dome. In our series, patients who went to
first haematoma evacuation and then aneurysmal clip-
ping show a better outcome than other.

Ruggeri et al. J Neurosurg Res Rev 2017, 1(1):6-13
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Limits

This study has several limits. First, this is a retrospec-
tive study without randomization, and there was not an
endovascular control group for comparison of the pro-
cedure-related outcome. Moreover the small number of
patients in our series doesn’t assure the best statistical
significance.

Concerning result of our analysis, in MCAAs pa-
tients, the presence of ICH strongly affects the outcome
with a marked increase in mortality and morbidity. Sur-
gical timing significantly influences the outcomes and in
patients with a poor-grade entry and with Intraparen-
chymal bleeding, ultra-early surgery should always be
taken into account.

The authors declare that they have no conflicts of in-
terest.
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