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Abstract: Objective: We aimed to compare the efficacy of microsurgical clipping of intracranial aneurysms with that
of arterial embolization in the treatment of ruptured anterior circulation aneurysms. Methods: The clinical data of
68 patients treated in our hospital for ruptured anterior circulation aneurysms between January 2017 and March
2020 were analyzed retrospectively. According to the surgical methods, the patients were divided into two groups:
the microsurgical clipping group (30 cases) and the arterial embolization group (38 cases). The following markers
were compared between the two groups: Hunt-Hess classification (HHC) grading, aneurysm occlusion rate, and in-
cidence of postoperative complications, length of hospital stay, hospitalization cost, and the scores of the Glasgow
Outcome Scale, Modified Rankin Scale, and Barthel Index during the 6-months follow-up after hospital discharge.
Results: The cases of HHC grade | and Il increased in both groups at hospital discharge (both P<0.05), and there was
no intergroup difference in this marker (P>0.05). The complete occlusion rate in the microsurgical clipping group
was higher than that in the arterial embolization group (P<0.05). Compared with the microsurgical clipping group,
the arterial embolization group had shorter length of hospital stay and higher hospitalization cost (both P<0.05).
There was no difference in the total incidence of postoperative complications between the two groups (P>0.05).
However, the arterial embolization group had lower incidence of intracranial infection and higher incidence of va-
sospasm than the microsurgical clipping group (both P<0.05). During the follow-up, the arterial embolization group
had better results in terms of the Modified Rankin Scale and Barthel Index results and had more patients with GOS
score of 5 points than the microsurgical clipping group (all P<0.05). Conclusion: Both microsurgical clipping of intra-
cranial aneurysms and arterial embolization can effectively treat ruptured anterior circulation aneurysms, and the
short-term efficacy achieved by these two methods is similar. Compared with microsurgical clipping of intracranial
aneurysms, arterial embolization can lead to shorter hospitalization, lower incidence of intracranial infection, and
better patients’ prognosis and quality of life after the operation. However, the microsurgical clipping of intracranial
aneurysms can achieve higher complete occlusion rate, lower incidence of vasospasm, and lower hospitalization
cost than arterial embolization.
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Introduction

Intracranial aneurysm is a common disease
and considered to be the major cause of sub-
arachnoid hemorrhage. It is estimated that
85% of intracranial aneurysms occur in the
anterior circulation. Once the intracranial aneu-
rysm is ruptured and bleeding occurs, the
patients can have severe headache, go into a
coma, or even die. Even if the patients survive,
they can still have various disabilities and phys-
iological dysfunctions. Clinically, the total mor-
tality of intracranial aneurysms is over 25% [1].

Therefore, how to improve the prognosis of pa-
tients with ruptured anterior circulation aneu-
rysms and reduce mortality has become an
essential medical research topic.

Microsurgical clipping of intracranial aneurys-
ms and arterial embolization have been proven
to be effective methods for treating ruptured
anterior circulation aneurysms and have been
widely applied in clinical practice [2-5]. The sur-
gical intracranial clipping technique started in
the 1970s. With the development of microsur-
gery, the disability and mortality rates after
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microsurgical clipping have been declining
each year [6]. However, compared with arterial
embolization, microsurgical clipping can cause
greater surgical trauma and higher incidence
of postoperative complications such as delay-
ed cerebral ischemia [7]. In recent years, arte-
rial embolization has developed rapidly and is
considered to have a therapeutic effect similar
to that of microsurgical clipping [8]. Moreover,
arterial embolization can lead to less surgical
trauma and shorten postoperative recovery.
However, intracranial embolus detachment,
vasospasm, and secondary hemorrhage may
occur during arterial embolization, and the
recurrence rate of the aneurysm after this pro-
cedure is high [9]. So far, there is still no con-
clusion regarding which surgical method can
achieve a better outcome and bring lower risks
[10].

In the present study, we aimed to further com-
pare the efficacy of microsurgical clipping of
intracranial aneurysms with that of arterial
embolization in the treatment of ruptured ante-
rior circulation aneurysms, in an effort to pro-
vide more theoretical basis for the clinical treat-
ment of this disease.

Materials and methods
Participants

The clinical data of 68 patients treated in our
hospital for ruptured anterior circulation aneu-
rysms between January 2017 and March 2020
were analyzed retrospectively. The study was
approved by the Ethics Committee of our
hospital.

Inclusion criteria: (1) patients who had com-
plete clinical data; (2) patients who were diag-
nosed with ruptured anterior circulation aneu-
rysm by CT or digital subtraction angiography
(DSA); (3) patients whose onset started less
than 72 hours prior to treatment; (4) patients
whose aneurysm diameter was no more than
25 mm; (5) patients whose Hunt-Hess classifi-
cation (HHC) grade was II-IV before the opera-
tion; (6) patients who met the indications for
microsurgical clipping or arterial embolization
at hospital admission and underwent microsur-
gical clipping or arterial embolization.

Exclusion criteria: (1) patients with incomplete
clinical data; (2) patients with coagulation dis-
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orders or active bleeding; (3) patients who had
dysfunctions of important organs; (4) patients
with severe infection; (5) patients with intracra-
nial vasculitis or congenital vascular malforma-
tion; (6) patients with mental disease or cogni-
tive dysfunction; (7) patients with malignant
tumors.

Upon hospital admission, all patients and their
family members were informed of the effects
and potential risks of microsurgical clipping
and arterial embolization and were asked to
choose between the two procedures. A total of
30 patients underwent microsurgical clipping
of intracranial aneurysms (the microsurgical
clipping group) and 38 underwent arterial
embolization (the arterial embolization group).

Methods

Treatment methods: The microsurgical clipping
of intracranial aneurysms was performed
through pterional approach after anesthesia.
The lateral fissure was separated under the
microscope to expose the parent artery and
aneurysm neck. The aneurysm neck was sepa-
rated bluntly, and the aneurysm was clipped
with an aneurysm clip. A suture was performed
after the bleeding stopped.

During the arterial embolization, the femoral
artery was punctured using the Seldinger
technique after anesthesia. The F6 arterial
sheath was inserted and whole body heparin-
ization was performed. The catheter was
passed over the guidewire into the tumor feed-
ing arteries and then observed using DSA. The
arteries were embolized with micro coils fol-
lowed by DSA reexamination. If there was no
residual contrast agent in the aneurysm, the
guidewire and catheter were removed. The
sheath was removed six hours after the opera-
tion. Pressure bandage was applied on the
wound to gain hemostasis.

Efficacy evaluation: HHC system was used to
evaluate the neurological function of patients
[11]. The classification had the following five
grades: grade | = asymptomatic or mild head-
ache and neck stiffness; grade Il = moderate to
severe headache, neck stiffness, no neurologic
deficit except cranial nerve palsy; grade Il =
drowsy, disturbance of consciousness or mild
focal neurological deficit; grade IV = stuporous,
moderate to severe hemiparesis, and possibly
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early decerebrate rigidity and vegetative distur-
bances; grade V = deep coma, decerebrate
rigidity, moribund.

Glasgow Outcome Scale (GOS) was used to
assess the prognosis of the patients [12]. The
scale was a 5-level score, with higher scores
indicating better prognosis: 5 = good recovery
(the patient resumed normal activities buy may
have minor residual problems); 4 = moderately
disabled (the patient was independent but dis-
abled); 3 = severely disabled (the patient
required others for daily support due to disabil-
ity); 2 = vegetative state; 1 = dead.

Modified Rankin Scale (mRS) was used to mea-
sure the level of independence in activities of
daily living (ADL) [13]. The scale was a 5-level
score, with lower scores indicating better inde-
pendence in activities of daily living.

Barthel Index (Bl) was used to evaluate the
patients’ performance in ADL [14]. The scale
included 10 activities: feeding, personal toilet-
ing, bathing, dressing and undressing, getting
on and off a toilet, controlling bladder, control-
ling bowel, moving from wheelchair to bed and
returning, walking on a level surface (or propel-
ling a wheelchair if unable to walk) and ascend-
ing and descending stairs. The total score was
100 points. The higher the score, the stronger
performance in ADL.

Outcome measures

Main outcome measures: The HHC grading was
compared between the two groups after the
treatment. The GOS, mRS and Bl scores were
compared between the two groups during the
6-month follow-up.

Secondary outcome measures: The aneurysm
occlusion rate after the operation, hospital
length of stay, and postoperative complica-
tions were compared between the two groups
[15]. In the microsurgical clipping group, the
patients were re-examined with computed to-
mography angiography (CTA) 7 days after the
operation to determine if the clipping was com-
plete or partial. In the arterial embolization
group, the patients were re-examined with
magnetic resonance angiography (MRA). The
assessment criteria by MRA were as follows:
1) if the aneurysms were not visible, the embo-
lization rate was 100%; 2) if a small residual
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aneurysm neck was present, the embolization
rate was 95%; 3) if the residual aneurysm neck
was present, the embolization rate was 90%;
4) if the residual aneurysm neck and a small
tumor body were present, the embolization
rate was 80%; 5) if the residual tumor body
was present, the embolization rate was <80%.
In this study, 95%-100% embolization rate was
considered as complete occlusion.

Statistical analysis

SPSS 26.0 was applied for statistical analysis.
Measurement data are expressed as mean +
sd. Comparison between the two groups was
performed by independent t-test, and compari-
son between pre- and post-treatment within a
group was performed by paired samples t-test.
Count data are presented as number or per-
centage and were examined by x? test. If the
expected count was over 20%, the count data
were examined by Fisher’'s exact test. P<0.05
indicated a statistically significant difference.

Results
Baseline data

There were no differences in the baseline data
between the two groups as shown in Table 1
(all P>0.05).

HHC grading in the two groups

The number of patients with HHC grade I-Il in
each group at hospital discharge was higher
than that at hospital admission (both P<0.05).
There was no intergroup difference in HHC
grading at discharge (P>0.05). See Table 2.

Postoperative complications in the two groups

There was no difference in the total incidence
of postoperative complications between the
two groups (P>0.05). Compared with the arte-
rial embolization group, the microsurgical clip-
ping group had a higher incidence of intracra-
nial infection and a lower incidence of vaso-
spasm (both P<0.05, Table 3).

Aneurysm occlusion rate in the two groups af-
ter the operation

Based on the CTA results in the microsurgical
clipping group and the MRA results in the arte-
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Table 1. Baseline data in the two groups

Baseline data Microsurgical clipping group  Arterial embolization group  x%/t P
Case (n) 30 38
Age (year) 50.1+7.8 52.517.5 0.853 0.396
Gender (male/female) 12/18 14/24 0.071 0.790
BMI (kg/m?2) 25.74+2.77 25.26+2.81 1.029 0.469
Smoking 15 12 2.376 0.123
Drinking 13 17 0.295 0.587
Presence of high blood pressure 15 17 0.186 0.666
Presence of diabetes 18 24 0.071 0.790
Presence of hypercholesterolemia 16 19 0.075 0.785
Presence of cardiovascular disease 11 15 0.056 0.813
Hunt-Hess classification 0.118 0.990

Grade | 10 14

Grade Il 10 12

Grade I 7 8

Grade IV 3 4
Aneurysm diameter (mm) 0.076 0.963

Diameter <5 mm 14 19

5 mm < diameter <15 mm 10 12

15< diameter <25 mm 6 7
Number of aneurysms 0.369 0.543

Single tumor 12 18

Multiple tumors 18 20

Note: BMI: body mass index.

Table 2. HHC grade in the two groups before and after treatment (n, %)

Group HHC grade | HHC grade Il HHC grade Il HHC grade IV HHC graade I-II
Microsurgical clipping group (n=30)
At admission 7 (23.33) 15 (50.00) 6 (20.00) 2 (6.67) 22 (73.33)
At discharge 10(33.33) 16(53.33) 3(10.00) 1(3.33) 28 (93.33)"
Arterial embolization group (n=38)
At admission 7(18.42) 19 (50.00) 10 (26.32) 2 (5.26) 26 (68.42)
At discharge 9 (23.68) 22 (57.89) 6 (15.79) 1(2.63) 31(81.58)"

Note: Compared with the same group at hospital admission, "P<0.05. HHC: Hunt-Hess classification.

Table 3. Incidence of postoperative complications in the two groups (n, %)

Intracranial Total incidence
Group infection Vasospasm Hydrocephalus Rehemorrhage of complications
Microsurgical clipping group (n=30) 6 (20.00) 1(3.33) 2 (6.67) 1(3.33) 10 (33.33)
Arterial embolization group (n=38) 1(2.63)" 8(21.05)" 1(2.63) 3(7.89) 13 (34.21)

Note: Compared with the microsurgical clipping group, "P<0.05.

rial embolization group, the complete clipping Length of hospital stay and cost of hospitaliza-
rate in the microsurgical clipping group was tion in the two groups

higher than the complete embolization rate in

the arterial embolization group (P<0.05). See Compared with the arterial embolization group,
Table 4. the microsurgical clipping group had a longer

8043 Am J Transl Res 2021;13(7):8040-8048



Microsurgical clipping vs. embolization in treating ruptured ACA

Table 4. Aneurysm occlusion in the two groups after the operation (n, %)

Complete Partial Complete

Presence of Complete clipping/

Group clipping  clipping embolization residual aneurysm complete embolization
neck/tumor body rate (%)

Microsurgical clipping group (n=30) 29 (96.67) 1(3.33) 96.67

Arterial embolization group (n=38) 32(84.21) 5 (15.79) 84.21"

Note: Compared with the microsurgical clipping group, "P<0.05.

Table 5. Length of hospital stay and cost of hospitalization in the two groups (X + sd)

Group Length of hospital stay (day) Cost of hospitalization (10,000 RMB)

Microsurgical clipping group (n=30)
Arterial embolization group (n=38)

18.98+2.78
13.24+2.52""

1.94+0.28
4.92+0.71""

Note: Compared with the microsurgical clipping group, ***P<0.001.

Table 6. GOS scores in the two groups during the 6-month follow-up after the operation (n, %)

Group 5 points 4 points 3 points 2 points 1 point
Microsurgical clipping group (n=30) 11 (36.67) 12 (40.00) 5 (16.67) 1(3.33) 1(3.33)
Arterial embolization group (n=38) 22 (57.89)" 11 (28.94) 4 (7.89) 2 (5.26) 0 (0.00)

Note: Compared with the microsurgical clipping group, "P<0.05. GOS: Glasgow Outcome Scale.

Table 7. mRS and Bi scores in the two groups after the operation

During the 6-month follow-up

(X £ sd) after discharge, the mRS score
Group MRS score Bl score f:lecreased_ and the Bl score
Microsurgical olipping group (1=30) increased in both groups (both
g pPIng group P<0.001), and the magnitude

At admission 4.11+0.38 56.73+9.34

During the 6-months follow-up 2.12+0.31"
Arterial embolization group (n=38)
At admission

During the 6-months follow-up

4.02+0.41

82.22+8.92™

58.42+9.27
1.42+0.36"""#* 89 74+8 64" ##

of the changes were greater in
the arterial embolization group
than in the microsurgical clip-
ping group (both P<0.001). See
Table 7 and Figures 1, 2.

Note: Compared with the same group at hospital discharge, ***P<0.001; com-
pared with the microsurgical clipping group, ##P<0.001. mRS: Modified Rankin

Scale; Bl: Barthel Index.

length of hospital stay and lower cost of hospi-
talization (both P<0.001). See Table 5.

GOS scores in the two groups after the opera-
tion

The patients were followed up for 6 months
after discharge. During the follow-up, the arte-
rial embolization group had more patients with
GOS score of 5 points than the microsurgical
clipping group (P<0.05). See Table 6.

mRS and Bl scores in the two groups after the
operation

There were no intergroup differences in the
mRS and Bl scores at discharge (both P>0.05).
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Discussion

Microsurgical clipping of intra-

cranial aneurysms and arterial
embolization are regarded as the most effec-
tive treatment methods for ruptured anterior
circulation aneurysms. However, there are still
some controversies about which surgical meth-
od is more beneficial for patients. In this study,
both the microsurgical clipping group and the
arterial embolization group had an increased
number of patients with HHC grade | and Il at
hospital discharge, and there was no intergro-
up difference in this marker, suggesting that
both microsurgical clipping and arterial emboli-
zation can achieve good short-term outcome.
Microsurgical clipping of intracranial aneu-
rysms has been proven to prevent the aneu-
rysm from re-rupture and re-bleeding, thus
avoiding subarachnoid hemorrhage and help-
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Figure 1. mRS scores in the two groups at discharge
and during the 6-month follow-up. Compared with
the same group at hospital discharge, “*P<0.001;
compared with the microsurgical clipping group,
###P<0.001. mRS: Modified Rankin Scale.

ing to evacuate intracerebral hematoma [16].
Due to the development of interventional tech-
nology, arterial embolization has become a
new surgical method. In this procedure, the
aneurysmal cavity is embolized with a spring
coil through a minimally invasive approach,
and the procedure can achieve good outcomes
[17, 18]. Some studies have pointed out that
the effective rate of arterial embolization is
similar to that of microsurgical clipping of in-
tracranial aneurysms in the treatment of ante-
rior circulation intracranial aneurysms, and our
study results are consistent with these reports
[8].

At present, postoperative complications are
severe issues for patients undergoing surgery
for ruptured anterior circulation aneurysms. In
this study, there was no intergroup difference
in the total incidence of postoperative compli-
cations. However, the microsurgical clipping
group had a higher incidence of intracranial
infection than the arterial embolization group.
This may be because the microsurgical clipp-
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Figure 2. Bl scores in the two groups at discharge
and during the 6-month follow-up. Compared with
the same group at hospital discharge, *“P<0.001;
compared with the microsurgical clipping group,
###P<0.001. Bl: Barthel Index.

ing can inevitably cause surgical trauma, thus
increasing the infection rate. Moreover, due to
the small surgical field during the microscopic
surgery, local vascular tissue can be further
damaged when surgeons work on the aneu-
rysm located deep within the brain, thereby
affecting the surgical outcome and increasing
the incidence of complications [19]. Some
studies have reported that the incidence of
bleeding of aneurysm body or parent artery
during the microsurgical clipping of intracranial
aneurysms and incidence of postoperative
infection are closely related to the surgeon’s
skill proficiency, and microsurgical clipping is
not suitable for elderly patients with cardiopul-
monary diseases [20]. In this study, the inci-
dence of the vasospasm in the arterial emboli-
zation group was higher than that in the micro-
surgical clipping group. Some researchers
have revealed that arterial embolization can
cause a high recurrence rate in treating pati-
ents with large intracranial aneurysms, and
these patients are likely to have cerebral vaso-
spasm after the operation. Therefore, arterial
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embolization is not suitable for patients who
have persistent cerebral artery spasm or high
intracranial pressure [21]. The cause of vaso-
spasm in arterial embolization may be related
to the continuous stimulation of foreign matter
such as the guidewire and spring coil in the
arterial lumen [22]. The results of this study
aligns with other studies.

Due to the prolongation of life span and the
increasing demand for health services in
China, the limited medical resources are
becoming strained. Therefore, it is essential to
find ways to both effectively treat patients and
reduce their medical expenditure. In this stu-
dy, although the microsurgical clipping group
had longer length of hospital stay, the micro-
surgical clipping group had lower hospitaliza-
tion cost than the arterial embolization group.
These results may be due to that arterial
embolization is a minimally invasive operation
and has a relatively small impact on the func-
tion of arteries and corresponding nerves,
which is conducive to the recovery of patients
and can shorten the hospitalization. However,
the medical consumables such as guidewire,
micro guidewire, and spring coil used in arter-
ial embolization are expensive, thus the hospi-
talization cost of this procedure is higher than
that of microsurgical clipping [23].

Currently, there are still some debates on the
choice of surgical methods for anterior circula-
tion aneurysms. However, a consensus has
been reached that the complete clipping rate
of the microsurgical clipping is higher than the
complete embolization rate of the intervention-
al arterial embolization, and our study results
are consistent with this point [24]. This may be
because direct vision is provided under the
microscope in the microsurgical clipping, and
the advancing microscopic technology helps to
increase the complete clipping rate of micro-
surgical clipping. According to some reports,
the complete clipping rate in microsurgical clip-
ping can reach 96% [25].

At present, most of the studies have agreed
that microsurgical clipping of intracranial aneu-
rysms and arterial embolization can reach
similar short-term effects in the treatment of
anterior circulation intracranial aneurysms [8].
However, the long-term effects of the two
surgical methods vary between the studies.
Some scholars have reported that the patients
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undergoing arterial embolization have lower
5-year mortality than those undergoing micro-
surgical clipping, but the proportion of pati-
ents at 5 years who are independent does not
differ between the two groups [26]. Other
studies have reported that patients under-
going microsurgical clipping can achieve the
same level of recovery as those undergoing
arterial embolization in the long-term [25]. In
this study, the patients receiving arterial em-
bolization achieved better scores in GOS, Bl,
and mRS systems during the 6-month follow-
up after discharge compared with those re-
ceiving microsurgical clipping, suggesting that
arterial embolization can better improve the
prognosis, self-care ability, and ADL of patients
with ruptured anterior circulation aneurysms
than with microsurgical clipping.

There are still some limitations in the stu-
dy. The sample size was small, the follow-up
period was relatively short, and the effects of
the two procedures on large and giant anterior
circulation aneurysms were not investigated.
Some scholars have pointed out that compar-
ed with microsurgical clipping, arterial emboli-
zation can achieve a higher complete occlu-
sion rate in the treatment of large and giant
anterior circulation aneurysms [27]. Therefore,
more studies with a larger sample size need to
be conducted in the future for verification.

In conclusion, microsurgical clipping of intra-
cranial aneurysms and arterial embolization
can achieve similar short-term effects in treat-
ing ruptured anterior circulation aneurysms.
Compared with microsurgical clipping, arterial
embolization can lead to shorter hospitaliza-
tion, lower incidence of intracranial infection,
and better patient prognosis and quality of life
after the operation. However, the microsurgical
clipping can bring lower hospitalization cost,
higher complete occlusion rate, and lower inci-
dence of vasospasm than arterial emboliza-
tion.
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