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Abstract: Objective: To compare the efficacy of microsurgical clipping and endovascular embolization in patients
with intracranial aneurysms. Methods: The clinical data of 96 patients with intracranial aneurysms were retrospectively analyzed. According to different treatment options, the patients were divided into two groups: the clipping
group and the embolization group. Among them, 45 patients in the clipping group were treated with microsurgical
clipping; 51 patients in the embolization group were treated with endovascular embolization. The operative time,
postoperative hospital stay, Glasgow Outcome Scale (GOS) score at discharge, complications at 1-year follow-up,
recurrence rate, and brain injury related factors in serum before and after surgery were compared. Results: The
operative time and postoperative hospital stay in the embolization group were significantly shorter than those in the
clipping group, and the differences were statistically significant (both P<0.05). The rate of good GOS score in the
embolization group was 96.08% when discharged, which was significantly higher than 80.00% in the clipping group.
There were no statistically significant differences in the incidence and recurrence rate of cerebral edema and brain
nerve injury between the two groups at 1-year follow-up (all P>0.05). The levels of soluble protein-100B (S100B protein), matrix metalloproteinase-9 (MMP-9) and superoxide dismutase (SOD) in serum before surgery were compared
between the two groups. The differences were not statistically significant (all P>0.05). After surgery, serum S100B
protein and MMP-9 levels were significantly lower in the embolization group than in the clipping group, and the SOD
level was significantly higher than in the clipping group. The differences were statistically significant (all P<0.05).
Conclusion: Both the microsurgical clipping and endovascular embolization can achieve satisfactory short-term
curative effect on intracranial aneurysms, but the latter has little damage to brain tissue and rapid postoperative
recovery. It is worth further research and application.
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Introduction
In recent years, with the rapid development of
neurosurgical imaging technology, the detection rate of intracranial aneurysms increased
as well. The intracranial aneurysm is considered to be one of the major risk factors for subarachnoid hemorrhage. The intraluminal pressure of the intracranial aneurysm is greater
than the compliance of the vessel wall, lead to
abnormal bulging of the vessel wall and the risk
of rupture bleeding is large [1, 2]. Regarding the
treatment of intracranial aneurysms, microsurgical clipping has been widely used in the past.
The curative effect is worthy to be affirmed, but
the damage to brain tissue after surgery should
not be ignored [3]. In recent years, clinicians
have gradually paid attention to the treatment
of intracranial aneurysms by endovascular

embolization, and more and more cases have
been operated. However, there are many disputes about the effect of endovascular embolization and microsurgical clipping on intracranial aneurysms without a unified conclusion.
Studies have shown that endovascular embolization in the treatment of intracranial aneurysm
led to significantly lower mortality and survival
dependence rate than microsurgical clipping.
Another study reported that endovascular
embolization can hardly make completely
embolism, and the residual rate of tumor neck
and tumor body is high [4, 5]. Some studies
suggest that the efficacy of microsurgical clipping and endovascular embolization in patients
with intracranial aneurysms may be related to
the degree of surgical invasion of brain tissue.
Although microsurgery can clearly show the
aneurysm and its surrounding blood vessels, a
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craniotomy is essential, surgical operation still
may have damage to brain tissue and blood
vessels [6]. At present, there are few reports on
the differences in treatment effects caused by
surgical factors of these two surgeries [7].

Committee of the Second People’s Hospital of
Deyang City and all selected patients signed
informed consent.

The present study retrospectively analyzed the
clinical data of patients with intracranial aneurysms treated with microsurgical clipping or
endovascular embolization in The Second
People’s Hospital of Deyang City from January
2016 to January 2017. The level of brain injury
related factors in serum before surgery, indicators of perioperative period, efficacy and prognosis of the two groups were compared to provide an experimental basis for the selection of
treatment strategies for patients with intracranial aneurysms.

The patients in clipping group were treated with
microsurgical clipping as follows [10]. First, preoperative imaging examination was made for
the patient to confirm the location of intracranial aneurysms. After the gas and intravenous
general anesthesia, the patient was placed in a
corresponding position with the head fixed. The
operative region was routinely sterilized and
covered with surgical drapes. After bone flap
forming, the scalp and dura were cut and the
microscope was placed. The brain pool was
opened on the bottom, and the arachnoid
around the aneurysm were detached after
drainage of cerebrospinal fluid. Therefore, the
aneurysm and its anatomical neck were fully
exposed. If necessary, the parent artery should
be temporarily blocked with blood pressure
under control. Then the aneurysm was clipped
at an appropriate angle by a suitable aneurysm
clip, after that, the incision was closed layer by
layer when no active bleeding was found. After
the operation, close observation, routine antibiotics to prevent infection and positive symptomatic supportive care were given to the
patient.

Materials and methods
General information
The clinical data of patients with intracranial
aneurysms treated with microsurgical clipping
or endovascular embolization in the Second
People’s Hospital of Deyang City from January
2016 to January 2017 are classified into two
groups: the clipping group and the embolization
group according to different treatment plans.
Groups of 45 patients were treated with microsurgical clipping and 51 patients were treated
with endovascular embolization.
Inclusion criteria
Patients aged between 18 and 70 years old;
with typical clinical manifestations such as sudden headache, disturbance of consciousness,
nausea, vomiting, etc.; intracranial aneurysms
diagnosed by whole brain digital subtraction
angiography (DSA), confirmed as ruptured
aneurysms by CT or MRI [8]; Hunt-Hess classification grade I-III [9]; suitable for microsurgical
clipping or endovascular embolization; cooperative follow-up and complete clinical data.
Exclusion criteria
Patients with postoperative recurrent intracranial aneurysms; combined with intracranial
vascular malformation hemorrhage or severe
organ failure; endovascular embolization failure and conversion to craniotomy; follow-up
time less than 12 months or incomplete clinical
data. This study was reviewed by the Ethics
1958

Study methods

The patients in embolization group were treated with endovascular embolization as follows
[11]. Firstly, the gas and intravenous general
anesthesia was given to the patient, followed
by routinely sterilization and surgical drape
placement. After that, an angiography examination of internal carotid and vertebral artery was
performed to the patient through a femoral
artery puncture. Then a lateral or oblique radiograph was taken for the diseased vessels. At
the same time, a three-dimensional reconstruction was made to confirm the diagnosis, the
location, the size and shape of the aneurysm
and its relationship with the surrounding blood
vessels. Under the guidance of micro-guide
wire, the microcatheter was placed into the
aneurysm and an appropriate coil was used to
embolize the aneurysm. Several angiographies
were made for the aneurysm until it became
invisible, so that the embolization could be certified to be sufficient and no blood flow of the
parent artery was affected. Then the catheter
was released with ease and the catheter
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Table 1. Comparison of general information in two groups
Group
Clipping
Embolization
t/χ2 value
P value

n
45
51

Gender
M
F
19
26
22
29
0.008
0.928

Age
51.42±3.62
52.41±3.58
1.345
0.182

Hunt-Hess Classification
Grade I-II
Grade III-IV
32
13
35
16
0.070
0.791

Table 2. Comparison of operation time and length
of postoperative hospital stay in the two groups
Group
Clipping
Embolization
t value
P value

n
45
51

Operation time
(min)
128.45±21.63
91.36±14.58
9.952
<0.001

Postoperative
hospital stay (d)
19.47±5.84
14.32±6.79
3.957
<0.001

sheath was left inside. After 6 hours, the catheter sheath was removed with pressure on the
femoral artery until there was no active bleeding, after that the puncture point was bound up.
The lower limb of the puncture side should be
immobilized for 24 hours. After the operation,
close observation, routine antibiotics to prevent infection and positive symptomatic supportive care were given to the patient.
Observation indicators
Main outcome indicators: The Glasgow Outcomes Scale (GOS) scores at the time of discharge from the two groups were compared
[12]. The evaluation criteria were as follows. 5
points: complete recovery of daily activities,
good prognosis; 4 points: mild disability, independent living, work under protection; 3 points:
severe disability, conscious, daily care required;
2 points: persistent vegetative state, only minimal response; 1 point: death. Higher GOS score
indicates better patient outcome. The GOS
score 4 and 5 represent good for patients, the
good rate for GOS scores = (number of cases of
GOS score of 4 and 5)/total number of cases *
100% [13].
The levels of brain injury related factors in
serum before and after surgery were compared
between the two groups of patients. Three milliliter of venous blood was collected from the
patient’s cubital vein 1 day before and 3 days
after surgery. Serum was separated by centrifugation at 2,000 r/min for 10 minutes and
placed in a test tube, saved at -20°C. The
1959

Duration (d)

Aneurysm
diameter (mm)

13.25±3.47
14.36±3.52
1.552
0.124

10.23±0.47
10.18±0.45
0.532
0.596

serum S100B protein was detected by ELISA
(S100B kit was purchased from CanAg
Diagnostics AB Co. Ltd., Sweden) and matrix
metalloproteinase 9 (MMP-9) (MMP-9 kit was
purchased from R&D Systems Co. Ltd., USA).
The Oxide dismutase (SOD) in serum was
detected by colorimetric method (SOD kit was
purchased from Sigma-Aldrich Co. Ltd., USA),
strictly followed the kit instructions.
Secondary indicators
The operative time and postoperative hospital
stay were compared between the two groups.
The complications and recurrence rates were
compared within 1 year’s follow-up, complications included cerebral edema and brain injury.
Relapse was defined as a DSA reexamination
showing a more enlarged neck or body part, or
a loosely compressed coil. Recurrence rate =
number of relapsed cases/total number of
cases * 100%.
Statistical analysis
All data were statistically analyzed using SPSS
22.0 software. Measured data were expressed
as mean ± sd, the comparison between groups
with normal distribution was performed using
independent sample t-test, expressed as t.
Measurement data were expressed as percentage, the comparison between groups was
performed using χ2 test or Fisher’s exact probability method, expressed as χ2. P<0.05 indicates that the difference is statistically significant.
Results
Comparison of basic data between two groups
of patients
There was no statistically significant difference
in basic data such as sex, age, Hunt-Hess classification, duration of disease, and diameter of
intracranial aneurysms between patients in the
clipping and embolization groups (all P>0.05).
See Table 1.
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Table 3. Comparison of good rate of GOS scores when two groups of patients were discharged (n, %)
Group

n

Clipping
Embolization
χ2 value
P value

45
51

1 point
0 (0.00)
0 (0.00)

2 points
4 (8.89)
0 (0.00)

GOS score
3 points
4 points
5 (11.11)
13 (28.89)
2 (3.92)
1 (1.96)

5 points
23 (51.11)
48 (94.12)

Good rate (%)
80.00
96.08
66.975
<0.001

Note: GOS score, Glasgow Outcome Scale score.

Table 4. Comparison of recurrence rate of intracranial aneurysms and incidence of cerebral
edema and cerebral nerve injury in two groups
(n, %)
Cerebral
Cerebral
Recurrence
edema nerve injury
Clipping
45 4 (8.89)
3 (6.67)
5 (11.11)
Embolization 51 3 (5.88)
2 (3.92)
3 (5.88)
2
χ value
0.030
0.365
0.308
P value
0.863
0.546
0.579
Group

n

Comparison of operation time and length of
postoperative hospital stay in the two groups
The operation time and postoperative hospital
stay in the embolization group were significantly shorter than those in the clipping group
(P<0.001). See Table 2.
Comparison of good rate of GOS scores when
two groups of patients were discharged
The GOS score of the embolization group
was 96.08% (49/51) when discharged, which was significantly greater than 80.00%
(36/45) of the clipping group. The difference
was statistically significant (P<0.001). See
Table 3.
Comparison of recurrence rate and incidence
of cerebral edema and cerebral nerve injury in
two groups
There was no significant difference in the incidence of brain edema, brain injury, and recurrence rate of intracranial aneurysms between
the two groups (P>0.05). See Table 4.
Comparison of brain injury related factors in
serum before and after surgery in both groups
There was no significant difference in serum
S100B protein, MMP-9, and SOD levels bet-
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ween the two groups before surgery (P>0.05).
Compared with preoperative levels, postoperative serum S100B protein levels (clipping group:
P=0.002; embolization group: P=0.008) and
MMP-9 (clipping group: P=0.002; embolization
group: P=0.021) in both groups significantly
decreased. The SOD level (clipping group:
P=0.004; embolization group: P=0.008) in both
groups significantly increased. Between the
two groups, postoperative serum S100B protein and MMP-9 levels in embolization group
were significantly lower than the clipping group,
the SOD levels were significantly higher than
the clipping group, the difference was statistically significant (all P<0.001). See Table 5.
Discussion
The condition of ruptured intracranial aneurysm is very dangerous, and the sum of mortality and disability can reach 60% [14, 15]. Once
the intracranial aneurysm is diagnosed, intervention should be taken actively. Some studies
have reported that patients with intracranial
aneurysms treated with microsurgical clipping
could obtain satisfactory results and recover
well [16]. With the continuous development of
endovascular embolization techniques, studies
have shown that patients with endovascular
embolization have significantly less risks of
mortality in 5 years than that of patients underwent microsurgical clipping [17, 18]. We believe
that personalized treatment of different types
of patients for intracranial aneurysm treatment
is expected to further improve efficacy and
safety. The reason is that unreasonable treatment options may increase patients’ suffering,
and cause iatrogenic damage and aggravated
conditions [19].
The advantage of microsurgical clipping in the
treatment of intracranial aneurysms is the high
rate of tumor neck clipping. Darsaut et al.
reported that microsurgical clipping can effec-
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Table 5. Comparison of brain injury related factors in serum before and after surgery in both groups
Group
Clipping Group

Embolization

Pre-comparison between groups
Post-comparison between groups

Pre/post-operation
Pre
Post
t value
P value
Pre
Post
t value
P value
t value
P value
t value
P value

S100B protein (ng/L)
1.83±0.29
1.25±0.25
25.115
0.002
1.82±0.31
0.69±0.13
10.873
0.008
0.163
0.871
14.000
<0.001

MMP-9 (μg/L)
725.41±53.69
524.47±42.62
5.714
0.002
719.84±56.84
376.25±31.26
6.755
0.021
0.492
0.624
19.580
<0.001

SOD (μU/L)
68.52±7.34
76.14±6.51
15.901
0.004
68.36±7.29
84.14±8.37
3.491
0.008
0.107
0.915
5.176
<0.001

Note: MMP-9, matrix metalloproteinase-9; SOD, superoxide dismutase.

tively prevent rerupture hemorrhage, and at the
same time can clear intracranial hematoma
and hematocele, and release the mass effect
[20]. But microsurgical clipping operation has
higher requirements for operating equipment
and surgeon, as it is difficult to reveal complex
aneurysms or posterior circulation aneurysms,
resulting in poor occlusion of such aneurysms
[21]. Other studies have shown that complications such as residual aneurysm, brain edema,
and brain injury after microsurgical clipping are
also common [22]. Tabani et al. considered that
limited by the operating space, microsurgical
clipping surgery would inevitably damage the
nerves and blood vessels distributed around
the intracranial aneurysm, as the main cause
of postoperative complications [23].
For patients with poor clinical grade, older age
and poor physical condition, we believe that the
risk of microsurgical clipping is higher and the
endovascular embolization is more suitable for
them [24]. Through blood vessel puncture techniques, embolization material was placed into
the aneurysm to reduce the impact of blood
flow on the aneurysm wall, thereby relieving the
disease [25]. With the continuous improvement
of embolization materials, the effectiveness
and safety of intravascular treatment have
been significantly improved. Its clinical efficacy
is comparable to microsurgical clipping, and
even more superior in the treatment of complex
aneurysms [26]. The results of this study
showed that the good rate of GOS score was
96.08% when discharged in the embolization
group, which was significantly higher than that
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of the clamp group (80.00%). The difference
was statistically significant. However, cerebral
edema and cerebral nerve injury were followed
up for 1 year in both groups. There was no significant difference in the incidence and recurrence rate between the two groups, which was
similar to that reported in previous studies,
indicating that endovascular embolization is
superior to microsurgical clipping in the treatment of intracranial aneurysms [27, 28].
Endovascular embolization in the treatment of
intracranial aneurysms was primarily aimed at
ensuring embolization, reducing surgical trauma and accelerating postoperative recovery
[29]. We believe that endovascular embolization in the treatment of intracranial aneurysms
subverted the traditional surgical treatment of
intracranial aneurysms by avoiding craniotomy
for clinicians. Not only is endovascular embolization comparable to microsurgical clipping in
clinical efficacy, but even more effective in the
treatment of complex or posterior circulation
aneurysms [30-32]. The results of this study
showed that the operative time and postoperative hospital stay in the embolization group
were significantly shorter than those in the clipping group, indicating that endovascular embolization is less invasive than microsurgical clipping in intracranial aneurysms and more conducive to postoperative recovery. For in-depth
analysis, this study used S100B protein, MMP-9
and SOD to assess brain injury. S100B protein
reflects endothelial function and disease status [33]. Studies have pointed out that serum
S100B protein and MMP-9 levels in patients
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with intracranial aneurysms are positively correlated with brain injury [34, 35]. In this study,
the levels of S100B protein and MMP-9 in
serum in the embolization group were significantly lower than those in the clipping group,
which might be due to brain injuries caused by
craniotomy of the microsurgical clipping and
intracranial operation. As an important factor in
antagonizing the oxidative stress response in
the treatment of intracranial aneurysms, SOD
can degrade oxygen free radicals and protect
brain tissue. This effect is particularly evident
in the brain [36]. Increased serum SOD levels in
patients with intracranial aneurysms may
reflect the degree of brain protection to some
extent. The results of this study showed that
serum SOD levels in the embolization group
were significantly higher than those in the clipping group, indicating that endovascular embolization treatment had less damage to the brain
tissue and better protection of the brain tissue
than microsurgical clipping surgery, and facilitated the recovery of postoperative neurological function.
Since this study is a retrospective study with
small sample size and short follow-up. Prospective controlled studies with increased
sample size and follow-up are needed to obtain
more in-depth data and analyze the long-term
efficacy of microsurgical clipping and endovascular embolization on intracranial aneurysms.
In summary, both microsurgical clipping and
endovascular embolization for intracranial aneurysms can achieve satisfactory short-term
efficacy, but the latter has less damage to brain
tissue and rapid postoperative recovery. In clinical practice, comprehensive consideration
should be given to the choice of treatments
based on the actual situation of patients. For
old patients with high clinical scale, poor physical condition and complicated or posterior circulation intracranial aneurysms, endovascular
embolization may be preferred.
Disclosure of conflict of interest
None.
Address correspondence to: Wen Wang, Department
of Neurosurgery, The Second People’s Hospital of
Deyang City, No.340 Sec 1 West Minjiang Road,
Deyang 618000, Sichuan Province, China. Tel: +860838-2236709; Fax: +86-0838-2207494; E-mail:
wangwenvngt@163.com

1962

References
[1]

Ajiboye N, Chalouhi N, Starke RM, Zanaty M
and Bell R. Unruptured cerebral aneurysms:
Evaluation and Management. ScientificWorldJournal 2015; 2015: 954954.
[2] Nasr DM, Brown RD Jr. Management of unruptured intracranial aneurysms. Curr Cardiol Rep
2016; 18: 86.
[3] Chen Y, Fan H, He X, Guo S, Li X, He M, Qu Y,
Yang X, Zhang H, Sun X, Wang L, Wang Z, Tong
X, Zhong M, Maimaitili A, Tong Z and Duan C.
China intracranial aneurysm project (CIAP):
protocol for a prospective cohort study of interventional treatment and craniotomy for
unruptured aneurysms. BMJ Open 2018; 8:
e019333.
[4] Keskin F, Erdi F, Kaya B, Poyraz N, Keskin S,
Kalkan E, Ozbek O, Koc O. Endovascular treatment of complex intracranial aneurysms by
pipeline flow-diverter embolization device: a
single-center experience. Neurol Res 2015; 37:
359-65.
[5] Wang B, Gao BL, Xu GP, Xiang C, Liu XS.
Endovascular embolization is applicable for
large and giant intracranial aneurysms: experience in one center with long-term angiographic
follow-up. Acta Radiol 2015; 56: 105-13.
[6] Bae DH, Kim JM, Won YD, Choi KS, Cheong JH,
Yi HJ, Kim CH. Clinical outcome of paraclinoid
internal carotid artery aneurysms after microsurgical neck clipping in comparison with endovascular embolization. J Cerebrovasc Endovasc Neurosurg 2014; 16: 225-34.
[7] Smith TR, Cote DJ, Dasenbrock HH, Hamade
YJ, Zammar SG, El Tecle NE, Batjer HH, Bendok
BR. Comparison of the efficacy and safety of
endovascular coiling versus microsurgical clipping for unruptured middle cerebral artery aneurysms: a systematic review and meta-analysis. World Neurosurg 2015; 84: 942-53.
[8] Kouskouras C, Charitanti A, Giavroglou C, Foroglou N, Selviaridis P, Kontopoulos V, Dimitriadis
AS. Intracranial aneurysms: evaluation using
CTA and MRA. Correlation with DSA and intraoperative findings. Neuroradiology 2004; 46:
842-50.
[9] Zhang F, Li P, Zhang C, Wang L, Jing SQ. The
prognosis factors for endovascular coiling of
aneurysm in patients with ruptured intracranial aneurysm. J Craniofac Surg 2017; 28: e535e539.
[10] O’Donnell JM, Morgan MK, Manuguerra M.
Functional outcomes and quality of life after
microsurgical clipping of unruptured intracranial aneurysms: a prospective cohort study. J
Neurosurg 2018; 2: 1-8.
[11] Borggrefe J, Behme D, Mpotsaris A, Weber W.
Complications associated with cerebral aneurysm morphology in balloon-assisted coil em-

Int J Clin Exp Med 2019;12(2):1957-1964

Comparison of the effects of microscopic clipping and endovascular embolization

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]
[20]

[21]

bolization of ruptured and unruptured aneurysms-a single-center analysis of 116 consecutive cases. World Neurosurg 2016; 91: 483-9.
Yang Y, Su W, Meng Q. Endovascular treatment
of ruptured true posterior communicating artery aneurysms. Turk Neurosurg 2015; 25: 737.
Drazin D, Fennell VS, Gifford E, Lagman C,
Atchaneeyasakul K, Edgell RC, Rayes M, Xavier
A, Hussain MS, Gupta R, Kalia JS, Zaidat OO,
Linfante I, Nogueira RG, Nguyen T, OliveiraFilho J, Barros AD, Boulos A, Alexander MJ,
Yavagal DR. Safety and outcomes of simultaneous vasospasm and endovascular aneurysm treatment (SVAT) in subarachnoid hemorrhage. J Neurointerv Surg 2017; 9: 482-485.
Smith MJ, Sanborn MR, Lewis DJ, Faught RW,
Vakhshori V, Stein SC. Elderly patients with intracranial Aneurysms have higher quality of life
after coil embolization: a decision analysis. J
Neurointervent Surg 2015; 7: 898-904.
Wang GX, Zhang D, Wang ZP, Yang LQ, Yang H,
Li W. Risk factors for ruptured intracranial aneurysms. Indian J Med Res 2018; 147: 51-57.
Lanzino G, Fraser K, Kanaan Y, Wagenbach A.
Treatment of ruptured intracranial aneurysms
since the international subarachnoid aneurysm trial: practice utilizing clip ligation and
coil embolization as individual or complementary therapies. J Neurosurg 2006; 104: 344349.
Serafin Z, Strześniewski P, Lasek W, Beuth W.
Methods and time schedule for follow-up of intracranial aneurysms treated with endovascular embolization: a systematic review. Neurol
Neurochir Pol 2011; 45: 421-30.
O’Neill AH, Chandra RV, Lai LT. Safety and effectiveness of microsurgical clipping, endovascular coiling, and stent assisted coiling for
unruptured anterior communicating artery aneurysms: a systematic analysis of observational studies. J Neurointerv Surg 2017; 9: 761765.
Toth G, Cerejo R. Intracranial aneurysms: review of current science and management.
Vasc Med 2018; 23: 276-288.
Darsaut TE, Findlay JM, Magro E, Kotowski M,
Roy D, Weill A, Bojanowski MW, Chaalala C,
Iancu D, Lesiuk H, Sinclair J, Scholtes F, Martin
D, Chow MM, O’Kelly CJ, Wong JH, Butcher K,
Fox AJ, Arthur AS, Guilbert F, Tian L, Chagnon
M, Nolet S, Gevry G, Raymond J. Surgical clipping or endovascular coiling for unruptured intracranial aneurysms: a pragmatic randomised
trial. J Neurol Neurosurg Psychiatry 2017; 88:
663-668.
Shinagawa K, Matsushige T, Okazaki T, Ishii D,
Ichinose N, Sakamoto S, Kurisu K. Asymptomatic ischemic risks in microsurgical clipping

1963

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

for unruptured intracranial aneurysms in anterior circulation. World Neurosurg 2017; 108:
418-426.
Spiessberger A, Strange F, Fandino J, Marbacher S. Microsurgical clipping of basilar
apex aneurysms: a systematic historical review
of approaches and their results. World Neurosurg 2018; 114: 305-316.
Tabani H, Yousef S, Burkhardt JK, Gandhi S,
Benet A, Lawton MT. Microsurgical clipping of
an unruptured carotid cave aneurysm: 3-dimensional operative video. World Neurosurg
2017; 104: 1045.e3.
Della Puppa A, Rossetto M, Volpin F, Rustemi
O, Grego A, Gerardi A, Ortolan R, Causin F,
Munari M, Scienza R. Microsurgical clipping of
intracranial aneurysms assisted by neurophysiological monitoring, microvascular flow probe,
and ICG-VA: outcomes and intraoperative data
on a multimodal strategy. World Neurosurg
2018; 113: e336-e344.
Yavuz K, Geyik S, Saatci I, Cekirge HS. Endovascular treatment of middle cerebral Artery
aneurysms with flow modification with the use
of the pipeline Embolization device. AJNR Am J
Neuroradiol 2014; 35: 529-36.
Ruan C, Long H, Sun H, He M, Yang K, Zhang H,
Mao B. Endovascular coiling vs. surgical clipping for unruptured intracranial aneurysm: a
meta-analysis. Br J Neurosurg 2015; 29: 48592.
Sharma M, Brown B, Madhugiri V, CuellarSaenz H, Sonig A, Ambekar S, Nanda A.
Unruptured intracranial aneurysms: comparison of perioperative complications, discharge
disposition, outcome, and effect of calcification, between clipping and coiling: a single institution experience. Neurol India 2013; 61:
270-6.
Taha MM, Nakahara I, Higashi T, Iwamuro Y,
Iwaasa M, Watanabe Y, Tsunetoshi K, Munemitsu T. Endovascular embolization vs surgical
clipping in treatment of cerebral aneurysms:
morbidity and mortality with short-term outcome. Surg Neurol 2006; 66: 277-84.
Bracard S, Barbier C, Derelle AL, Anxionnat R.
Endovascular treatment of aneurisms: pre, intra and post operative management. Eur J
Radiol 2013; 82: 1633-7.
Silva NA, Shao B, Sylvester MJ, Eloy JA, Gandhi
CD. Unruptured aneurysms in the elderly: perioperative outcomes and cost analysis of endovascular coiling and surgical clipping. Neurosurg Focus 2018; 44: E4.
Ding D. Neurological deficits secondary to unruptured intracranial aneurysms: recovery following microsurgical clipping versus endovascular coil embolization. Clin Neurol Neurosurg
2014; 116: 106.

Int J Clin Exp Med 2019;12(2):1957-1964

Comparison of the effects of microscopic clipping and endovascular embolization
[32] Dong QL, Gao BL, Cheng ZR, He YY, Zhang XJ,
Fan QY, Li CH, Yang ST, Xiang C. Comparison of
surgical and endovascular approaches in the
management of multiple intracranial aneurysms. Int J Surg 2016; 32: 129-35.
[33] Sanchez-Peña P, Pereira AR, Sourour NA, Biondi A, Lejean L, Colonne C, Boch AL, Al Hawari
M, Abdennour L, Puybasset L. S100B as an additional prognostic marker in subarachnoid aneurysmal hemorrhage. Crit Care Med 2008;
36: 2267-73.
[34] Rojas HA, Fernandes KSDS, Ottone MR, Magalhães KCSF, Albuquerque LAF, Pereira JLB,
Vieira-Júnior G, Sousa-Filho JL, Costa BS, Sandrim VC, Dellaretti M, Simões RT. Levels of
MMP-9 in patients with intracranial aneurysm:
relation with risk factors, size and clinical presentation. Clin Biochem 2018; 55: 63-68.

1964

[35] Hassan T, Nassar M, Elhadi SM, Radi WK.
Effect of magnesium sulfate therapy on patients with aneurysmal subarachnoid hemorrhage using serum S100B protein as a prognostic marker. Neurosurg Rev 2012; 35: 4217; discussion 427.
[36] Gaetani P, Pasqualin A, Rodriguez y Baena R,
Borasio E, Marzatico F. Oxidative stress in the
human brain after subarachnoid hemorrhage.
J Neurosurg 1998; 89: 748-54.

Int J Clin Exp Med 2019;12(2):1957-1964

