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Comparative study of surgical outcomes between early decompressive
craniectomy with clipping and coil embolization followed by
decompressive craniectomy
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Objective: Poor-grade aneurysmal subarachnoid hemorrhage (aSAH) has high morbidity and mortality, even when emergency treatment such as decompressive craniectomy (DC), coil embolization, or clipping is performed. The best treatment for acute aSAH, especially in poor-grade aSAH patients, has not been determined. The purpose of this study was to evaluate treatment methods in these
patients in order to suggest the best treatment method.
Methods: We compared 130 patients with poor-grade aSAH who underwent DC with clipping or coiling (clipping, 102 patients; coiling, 28 patients). We compared functional outcome, mortality, and the time interval between admission and DC surgery between the
clipping and coiling groups.
Results: There was a significant difference in functional outcomes (modified Rankin score [mRS]) between the clipping and coiling
groups. The mean mRS at discharge in the clipping and coil groups was 4.824 and 5.214, respectively (P= 0.049). The time interval until DC surgery was also significantly different (161 and 481 minutes in the clipping and coiling groups, respectively; P= 0.003). No significant difference was found in mortality between the 2 groups (P= 0.301).
Conclusion: DC might be helpful for severe brain edema and intracranial pressure control. This procedure was more effective when
performed with clipping than with coil embolization. DC with clipping showed better functional outcomes, lower mortality, and more
favorable outcomes than DC with coil embolization. This demonstrates that aggressive surgical treatment can be helpful for poorgrade aSAH patients.
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Introduction
Aneurysmal subarachnoid hemorrhage (aSAH) is caused by rupture of an intracranial aneurysm and has high morbidity and mortality. Cases of poor grade aSAH have even higher morbidity and
mortality [1–3]. Poor grade aSAH refers to modified Fisher grade
3 or higher and Hunt and Hess (H-H) grade 4 or higher aSAH. In
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such patients, the possibility of neurological recovery is especially
low due to the initial brain injury or increased intracranial pressure
(IICP). Therefore, immediate control of IICP in the acute phase is
very important [4]. Surgical treatment includes external ventricular drain (EVD), hematoma evacuation during clipping, and craniectomy. Although the utilization of decompressive craniectomy
(DC) in aSAH patients is controversial, some highly regarded specialized institutions have demonstrated that DC decreases mortality and morbidity [5–14].
Traditionally, simultaneous craniectomy with aneurysmal neck
clipping has been used in poor grade ruptured cerebral aneurysm
patients. However, when brain swelling is severe, the process of
dissecting the subarachnoid space for ligation of the cerebral aneurysm and securing the parent artery and aneurysm can cause further brain damage. Recently, endovascular coil embolization has
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been developed, and its use has been increasing. This procedure
attempts to control IICP by first preventing re-bleeding using a coil
and then performing DC. Although there is no additional brain
damage around the ruptured aneurysm during coil embolization,
there is a risk of further brain damage in severe IICP cases due to
brain edema during this procedure. DC can be conducted first, followed by coil embolization, but this method carries the risk of
re-bleeding. The authors conducted this study to test the methods
of treatment so that we might suggest a best treatment method for
poor-grade patients. Our test was conducted by examining how
the prognosis after surgery differed between patients who received
simultaneous clipping and DC and patients who first received coil
embolization and then DC.

Material and Method
Patient inclusion criteria
We included patients who visited our hospital with poor grade
aSAH (World Federation of Neurological Surgeons or H-H grade
3 or more) and underwent DC between April 2004 and January
2021. We excluded patients who received DC due to re-rupture
during or after surgery or DC due to delayed cerebral ischemia as
these patients were low grade aSAH at the time of admission. Cases in which minimal craniectomy was performed instead of general
decompression (size of removed bone flap less than 12 × 15 cm)
were also excluded (17 patients).
The number of patients who received clip and DC was 102, and
the number of patients who received coil and DC was 28. We used
brain computed tomography (CT) and brain CT angiography to
diagnose aSAH. The treatment plan decision (clip or coil) was
made by the officiating, well-experienced vascular neurosurgeon(s). The decision to perform DC was based on factors such as
brain edema, herniation, presence of intracerebral hematoma
(ICH), and intra-operative brain swelling [7,10,13].
Surgery and post-surgical management
Coil embolization performance was preceded by bi-plane digital
subtraction angiography (DSA) under general anesthesia. DC was
performed after coil embolization, and decompression measures
to remove bone flaps larger than 12 × 15 cm were performed. Hematoma evacuation was performed according to the decision of
the neurosurgeon, and 26 of 28 patients received both EVD insertion and DC. Clipping of the aneurysm and DC were performed
simultaneously, and this also included removal of large bone flaps
(12 × 15 cm or more).
After surgery, all patients were monitored in the intensive care
unit. We designed our own aSAH treatment protocol in accorhttps://doi.org/10.51638/jksgn.2021.00129

dance with best medical treatment guidelines. This included treatment methods to prevent worsening of complications that can occur after aneurysm rupture [2,15]. Postoperative follow-up was
performed through brain CT, cerebral CT angiography, magnetic
resonance imaging, magnetic resonance angiography, and DSA.
When necessary, chemical angioplasty was performed for vasospasm. EVD changes were performed every 1 to 2 weeks to prevent infection.
Outcome measurements and statistical analysis
We recorded H-H grade and modified Fisher grade of the aSAH
patients, and functional outcomes of the patients were recorded in
accordance with the modified Rankin score (mRS). Our goal was
to test whether there was any difference in functional outcome of
patients in whom coil or clip was performed. We assessed mRS at
the time of admission and at the time of discharge, comparing the
difference in mRS at these times. Patient characteristics included
age, sex, length of hospital stay, location, and H-H and modified
Fisher grades. Also, the time interval between hospital arrival and
time of DC surgery was ascertained. Statistical analyses included
performance of unpaired t-test, chi-square test, and Fisher exact
test using IBM SPSS software ver. 20.0 (IBM Corp., Armonk, NY,
USA). We calculated the 95% confidence interval (CI), and
P < 0.05 was considered significant.

Results
Patient characteristics and demographics are summarized in
Table 1. In the clip and coil groups, mean age was 53.07 ± 12.48
years and 55.89 ± 10.57 years, respectively. The difference was
not statistically significant (95% CI, –7.54 to 1.90; P = 0.235).
Forty-two males and 60 females were in the clip group; 12 males
and 16 females were in the coil group. There was no significant difference between the 2 groups in sex distribution (P = 0.520).
However, there was a significant difference in length of hospital
stay between the 2 groups. Mean hospital stay for the clip group
was 45 days, while that for coil patients was 30 days (mean ±
standard deviation [SD] value of clipping vs. coiling groups
45.66 ± 39.54 and 30.04 ± 23.55, respectively; P = 0.010). For the
location of the aneurysm, in clip patients, middle cerebral artery
(MCA) aneurysm was the most common with 61 (59.8%), followed by 25 (24.5%) anterior cerebral artery (ACA) aneurysms
and 16 (15.7%) internal carotid artery (ICA) aneurysms. In the
coil group, there were 15 (53.6%) MCA aneurysms, 8 (28.6%)
ACA aneurysms, and 5 (17.9%) ICA aneurysms. There was no
significant difference between the groups (P = 0.833). There were
no significant differences between the clip and coil groups for H-H
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Table 1. Patient characteristics
Characteristic
Clip (n = 102)
Coil (n= 28)
95% CI
P-value
Age (yr)
53.07 ± 12.48
55.89± 10.57
–7.54 to 1.90
0.235
Sex (male:female)
42:60
12:16
0.520
Hospital stay (day)
45.66 ± 39.54
30.04± 23.55
5.74–32.01
0.010
Location
0.833
Anterior cerebral artery
25
8
Middle cerebral artery
61
15
Internal carotid artery
16
5
Hunt and Hess grade
0.413
4
83
24
5
2
4
Modified Fisher grade
0.523
2
1
3
0
9
4
61
19
Time interval (min)
161.529 ± 169.21
481.821± 512.44
119.17–521.41
0.003
Values are presented as mean±standard deviation. The time interval indicates the duration from hospital arrival to decompressive craniectomy surgery.
The 95% confidence interval (CI) was calculated using the t-test.

Table 2. Functional outcomes (modified Rankin score at discharge) in the clipping and coil groups
Group

1

Clipping
Admission
0
Discharge
1 (1.0)
Coil
Admission
0
Discharge
0
Values are presented as number (%).

2

3

Modified Rankin score
4

5

6

Total

0
4 (3.9)

0
10 (9.8)

1 (1.0)
15 (14.7)

101 (99.0)
39 (38.2)

0
33 (32.4)

102
102

0
0

1 (3.6)
1 (3.6)

1 (3.6)
4 (14.3)

26 (92.9)
11 (39.3)

0
12 (42.9)

28
28

or Fisher grade (H-H, P = 0.413; Fisher grade, P = 0.523). The
time interval difference between hospital arrival and DC surgery
was significant. The mean time interval was 161 minutes in the clip
group and 481 minutes in the coil group (mean ± SD value clipping vs. coiling groups 161.529 ± 169.21 and 481.821 ± 512.44,
P = 0.003). This result suggests that the timing of DC surgery
might be an important prognostic factor for poor-grade aSAH patients.
We found no significant difference in admission mRS, with an
average value of 4.990 in the clip group and 4.890 in the coil group
(P = 0.117) (Table 2). However, discharge mRS was significantly
different between the clip and coil groups (P = 0.049) (Table 3).
The average discharge mRS of the clip group was 4.824, and mRS
5 was the most common assessment (39 patients). The discharge
mRS of the coil group averaged 5.214, and mRS 6 was the most
common assessment (12 patients). Mortality difference between
the 2 groups was not significant (P = 0.301). Thirty-three deaths
occurred in the clip group, and 12 deaths occurred in the coil
group. The number of patients discharged with good functional
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Table 3. Modified Rankin score (mRS) and mortality differences
between the clipping and coil groups
mRS
Admission
Discharge
Mortality (%)

Clipping group
4.990
4.824
33 (32.4)

Coil group
4.890
5.214
12 (42.9)

P-value
0.117
0.049
0.301

outcome (mRS 0–3) was 15 in the clip group and 1 in the coil
group, and the difference between the 2 groups was not significant
(P = 0.075).
Case presentation
Case 1. Clipping
A 63-year-old male patient came to emergency department of The
Catholic University of Korea, Bucheon St. Mary’s Hospital, he
complained of sudden bursting headache and progressed to mental deterioration brain CT revealed thick SAH and ICH due to
ruptured MCA aneurysm in right frontal lobee (Fig. 1). Initial
https://doi.org/10.51638/jksgn.2021.00129
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A

B

Fig. 1. Preoperative images. (A) Brain computed tomography (CT)
revealed a thick subarachnoid hemorrhage on the right sylvian
fissure and intracerebral hemorrhage in the right frontal lobe. (B)
Surface rendering image of CT angiography showed a saccular
aneurysm (*) on the right middle cerebral artery bifurcation.

A

B

Fig. 2. Postoperative images. (A) Right fronto-temporo-parietal
craniectomy with hematoma removal observed on computed tomography (CT) with aneurysmal neck clipping (arrow). (B) Complete
aneurysmal neck clipping (arrow) was observed on three-surface
rendering of CT.

clinical grade was H-H grade 5 and Radiologically Fisher grade 4.
He underwent emergency DC with hematoma removal and direct
aneurysmal neck clipping (Fig. 2). The patient gradually awoke
and became to obey command at 1 months of operation so cranioplasty with autologous bone was performed (Fig. 3). His final status at discharge was mRS 3.
Case 2. Coiling
A 70-year-old female patient came to emergency department with
stuporous mentality. Initially brain CT showed thick SAH due to
ruptured MCA aneurysm on left hemisphere (Fig. 4). Clinical
grade was H-H grade 4, and radiologically Fisher group III. She
underwent diagnostic DSA and coil embolization of aneurysm
right away, and then was followed by DC. During postoperative
management, brain swelling had progressed eventually, finally expired 4 days after operation (Fig. 5). Written informed consent was
obtained for publication of this case report and accompanying images.

Discussion
Poor-grade aSAHs generally have high morbidity and mortality.
One of the most important factors associated with poor outcome
after rupture of a cerebral aneurysm is an initial poor grade [16].
The cause of poor grade after rupture of a cerebral aneurysm is direct brain tissue damage due to bleeding or decreased brain function due to IICP. Brain tissue damage has no treatment and serious
sequelae. However, IICP-induced brain functional decline can be
prevented if treatment is started before irreversible brain tissue
damage occurs. Since IICP is caused mainly by brain edema, DC is
useful as an initial treatment. Since the degree of brain damage in
poor-grade patients cannot be assessed accurately in the early staghttps://doi.org/10.51638/jksgn.2021.00129

Fig. 3. One-month follow-up image. Post-cranioplasty brain computed tomography showed decreased brain swelling with minimal
encephalomalacic changes on the right temporal lobe.

es, distinguishing between patients who will benefit from DC and
patients who have already suffered irreversible brain damage is difficult. Therefore, most relevant studies have been retrospective after performance of DC in poor-grade patients. Although the group
with DC had lower mortality and morbidity compared to the
group without DC, the group with DC showed higher mortality
and morbidity compared to the “good” grade group [5,17]. Previous studies have shown that DC can reduce mortality without sig-
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nificantly improving functional outcomes [1,4,5,6,17]. Attempting
to clip a cerebral aneurysm in a patient with severe brain swelling
can cause additional damage to the brain tissue surrounding the
cerebral aneurysm. Therefore, direct aneurysmal clipping is more
challenging in poor-grade aSAHs than in “good” grade SAHs. In
addition, the incidence of delayed cerebral infarction due to vasospasm other than initial brain injury in poor-grade patients contributes to poor outcome. Although controversial, immediate DC
and clipping have been accepted as the general treatment for patients with poor-grade aSAH.
As performance of endovascular coil embolization became more
popular, better results with this procedure were reported in poorgrade aSAH patients than in the surgical group patients [18]. Later, studies were published on the comparison of DC with clipping
treatment and endovascular coiling with DC treatment in poor-

A

B

Fig. 4. Preoperative images. (A) Brain computed tomography
revealed a subarachnoid hemorrhage with severe brain swelling.
(B) Pre-coil embolization digital subtraction angiography image
showed an aneurysmal dilatation on the left middle cerebral artery (arrows).

A

B

grade patients, but the results were inconsistent [3,9,19]. The reason that the coil group showed a better prognosis than the surgical
group was that brain tissue damage did not occur in the coil group
during cerebral aneurysm embolization. However, the high mortality rate compared with the surgery group was due to additional
brain damage that occurs during the delay before DC. Hwang et al.
[9] tried to prevent re-bleeding in poor-grade patients first by coil
embolization and then by DC to resolve IICP. To conduct DC as
quickly as possible, coil embolization was performed under sedation rather than under general anesthesia. In this study, not only
the outcomes of the surgery group and the coil group, but also the
difference in the interval time until DC between the groups was
compared and analysed.
The selection of DC with clipping or DC with coiling in poorgrade patients is important and should be determined based on
the degree of brain swelling and the risk of re-bleeding according
to aneurysm morphology. It is important to evaluate the priority
between treatment to prevent re-bleeding and treatment to control
IICP and to predict and determine the degree of additional brain
damage that can occur in the course of treatment to prevent
re-bleeding. The surgeon should first decide whether to use clipping or coiling and then decide whether to perform DC before or
after.
The group in which DC and clipping were performed had lower
morbidity than the group in which DC and coiling were performed together. There was no difference in mRS at the time of
admission between the 2 groups, but the functional outcomes
(mRS) at discharge were better in the group in which clipping was
performed. While mortality was not significantly different between clipping and coiling groups, the clipping group showed a

C

Fig. 5. Postoperative images. (A) Post-coil embolization digital subtraction angiography image revealed complete obliteration of the
aneurysmal dilatation by coils (black arrows). (B) Brain computed tomography post-craniectomy (immediately after coil embolization)
showed severe brain swelling with diffuse subarachnoid hemorrhage. (C) An ischemic injury of both occipital lobes, suggesting brain herniation, was noticed at postoperative 4 hours on a magnetic resonance fluid attenuated inversion recovery image.
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tendency toward lower mortality than the coil group. Also, a relatively large number of patients discharged with good functional
outcome (mRS 0–3) were present in the clipping group. Therefore, in patients presenting with the same neurological deficit, the
functional outcome was better at discharge for those in whom DC
and clipping were performed simultaneously.
When DC and clipping were performed at the same time, bone
flap removal and dura incision were performed more quickly; early
decompression resulted in better functional outcomes. SAH evacuation through a trans-sylvian approach and cerebrospinal fluid
circulation promotion through a cistern opening can be effective
in regulating brain edema. In cases of subdural hematoma and
ICH that have a mass effect with the SAH, the hematoma can be
removed at the same time as clipping for decompression.
We divided the patients into 2 groups, those with good functional outcome (mRS 0–3) and those with poor functional outcome
(mRS 4–6) and tested to determine the factors causing the difference in effects. The shorter was the time interval between admission and surgery, the better were the Fisher and H-H grades, and,
therefore, the better was the functional outcome (time interval,
P = 0.001; Fisher, P = 0.036; H-H, P = 0.007). While there was no
significant difference in the degree of good functional outcome in
the clip and the coil groups, the functional outcome in the clip
group showed a better tendency.
Limitations
The difference in length of hospital stay between groups might
have influenced the discharge mRS value. The longer hospital stay
in the clipping group could have allowed for more rehabilitation
and recovery and, therefore, a better functional outcome at discharge. Ideally, to adjust for bias created by differences in length of
hospital stay, assessing the functional outcome at the same time intervals from admission, such as at 1 month, 6 months, 1 year,
would be necessary. However, due to lack of medical records, we
did not have the data necessary to perform such an assessment.
This study has the limitations inherent to a single institution,
retrospective study with a small number of patients. Selection biases exist, and differences might be due to neurosurgeon decision-making. DC can be easier to perform in conjunction with
clipping than with coil embolization; this could contribute to the
difference in results. The skill level of the neurosurgeon performing the DC is likely to have an effect on the prognosis, and there
might be differences in this skill level between groups.

Conclusion
To treat poor-grade aSAH, DC might be helpful for cases of severe
https://doi.org/10.51638/jksgn.2021.00129

brain edema and for control of IICP, especially when performed
with clipping rather than coil embolization. Also, a short time interval between admission and DC surgery could result in better
functional outcomes in poor-grade aSAH cases. Performing DC in
conjunction with clipping had more favorable outcomes and
demonstrates that aggressive surgical treatment could be helpful
for poor-grade aSAH patients.
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