
icine®

ONAL STUDY
Med
OBSERVATI
Keyhole Approach Combined With External Ventricular
Drainage for Ruptured, Poor-Grade, Anterior Circulation
neurysms
Cerebral A
ian

aneurysmal SAH, CSF = cerebrospinal fluid, CT = computed

tomography, CVS = cerebral vasospasm, DC = decompressive

craniectomy, DSA = digital subtraction angiography, EVD =

evacuation and aneury
omy can be an effect
middle cerebral artery a

Editor: Mistiaen Wilhelm.
Received: October 3, 2015; revised: November 15, 2015; accepted:
November 21, 2015.
From the Department of Neurosurgery, The First Affiliated Hospital of
Fujian Medical University, Fuzhou, Fujian, China.
Correspondence: De-Zhi Kang and Liang-Hong Yu, No. 20 Chazhong

Road, Taijiang District, Fuzhou 350005, Fujian, China (e-mail:
kdzy99988@163.com; e-mail: NeurosurgeonSH@163.com).

Supplemental Digital Content is available for this article.
S-FZ and P-SY equally contributed to this article.
The authors have no conflicts of interest to disclose.
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially,
as long as the author is credited and the new creations are licensed under
the identical terms.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000002307

Medicine � Volume 94, Number 51, December 2015
Shu-Fa Zheng, Pei-Sen Yao, L

Abstract: Poor-grade ruptured anterior circulation cerebral aneurysms

are frequently associated with severe vasospasm and high morbidity

rates despite recent remarkable advances in endovascular coiling.

Here, we explored the feasibility of keyhole approach combined

with external ventricular drainage for ruptured, poor-grade, anterior

circulation cerebral aneurysms. We retrospectively assessed the records

of 103 patients with ruptured, Hunt and Hess grade IV or V, anterior

circulation cerebral aneurysms. The patients were divided into 2 groups

(conservative group and surgical group). In surgical group, patients

were divided into 2 subgroups according to surgical time (within

24 hours and at 24–48 hours). Clinical outcome was assessed at the

6-month follow-up and categorized according to modified Rankin Scale

(mRS) score.

Twenty percent of patients (9/44) in conservative group obtained

good outcome, while 54% (32/54) in surgical group (P< 0.05).

Mortality was 73% in conservative group and 40% in surgical group,

respectively. In surgical group, age, Hunt and Hess grade (IV or V), and

timing of intervention (<24 hours or later) influenced the clinical out-

come of the patients (P< 0.05), while sex, Fisher grade, hydrocephalus,

the location of aneurysms, and cerebral vasospasm (CVS) not

(P> 0.05). Furthermore, 65% of patients (22/34) operated within

24 hours after onset of hemorrhage had a good outcome compared with

20% of patients (5/25) operated at 24 to 48 hours in surgical group

(P< 0.05).

The results indicate that keyhole approach combined with external

ventricular drainage is a safe and reliable treatment for ruptured, poor-

grade, anterior circulation cerebral aneurysms in early stage, which will

reduce mortality.

(Medicine 94(51):e2307)

Abbreviations: 3D-CTA = three-dimensional CT angiography, 3D-

DSA = three-dimensional digital subtraction angiography, aSAH =
g-Hong Yu, and De-Zhi Kang

external ventricular drainage, ICH = intracerebral hematoma, ICP =

intracranial pressure, mRS = modified Rankin Scale, SAH =

subarachnoid hemorrhage, TCD = transcranial Doppler monitoring.

INTRODUCTION

P oor-grade aneurysmal subarachnoid hemorrhage (SAH) had
a high mortality and morbidity rate,1 and the chance of

survival in the patients received conservative treatment is
almost nonexistent.2 The management of patients with poor-
grade aneurysmal SAH remains controversial. These patients
are usually managed conservatively, and those who survive and
show clinical improvement are selected for aneurysmal clip-
ping.3 However, almost most patients finally die from rebleed or
delayed ischemic events with nonoperative treatment.4–7

Recent studies have indicated that the outcome of patients with
poor grade aneurysmal SAH (aSAH) may be improved by
surgical clipping or endovascular coiling as soon as possible.5

Despite advances in neuroimaging techniques and development
of microneurosurgical techniques, no effective treatments could
be used to prevent occurrence and deterioration in poor-grade
patients with aneurysmal SAH. And the percentage of poor
outcome is up to 40%.8

Surgical clipping and endovascular coiling were equally
likely to achieve a good outcome in patients with poor-grade
aneurysmal SAH. The decision that a ruptured, poor-grade
aneurysms should be treated with microsurgical or endovas-
cular treatment should be made according to the aneurysmal
morphology, vascular access, and branches related to the aneur-
ysm.9 It was recognized that the development of cerebral
vasospasm (CVS), which is associated with clinical deteriora-
tion in the poor-grade aneurismal SAH, would be triggered by
the hemoglobin of subarachnoid space.10–12 And we know that
the space-occupying effect of intracerebral hematoma associ-
ated with aneurysmal SAH can lead to a raised intracranial
pressure (ICP) and midline shift. Therefore, timely evacuation
of the hemorrhage from the subarachnoid space or/and the
intracerebral hematoma contributed to a good outcome of
aneurysmal SAH, which could be easily obtained via surgical
treatment and could be hardly achieved via endovascular
treatment.

Traditional craniotomy or decompressive craniectomy
(DC) has been applied to patients with poor-grade aneurysmal
SAH.3,13,14 However, many complications in DC, such as
herniation, infection, seizures, hydrocephalus, and large skull
defects after surgery, restricted its application for aneurysmal
clipping.15 In addition, decompressive craniectomy does not
seem to be significantly associated with improved outcomes.16

Recent studies have indicated that simultaneous hematoma

smal clipping with or without craniect-
ive treatment modality for poor-grade
neurysms.17 Along with the advances in
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microneurosurgical techniques and development of microneur-
osurgical instrumentation, ‘‘keyhole’’ (mini bone flap)
approach has been applied to aneurysmal clipping, and be
equally likely to obtain a good outcome.18 Furthermore, exter-
nal ventricular drainage (EVD) could reduce the intracranial
pressure and has been proved to be indicative of increased
likelihood favorable outcome for poor-grade aneurysms.19,20

Thus, the prognosis of poor-grade patients after onset of SAH
may be improved by surgical invention via keyhole approach
combined with sustained drainage of the bloody cerebrospinal
fluid (CSF). We reviewed the clinical experience of keyhole
approach combined with external ventricular drainage for rup-
tured, poor-grade, anterior circulation cerebral aneurysms at our
institution from January 2005 to December 2014.

METHODS

Patient Population
This study was conducted at the First Affiliated Hospital of

Zheng et al
Fujian Medical University. The study protocol was approved by
the ethics committee of the First Affiliated Hospital of Fujian
Medical University. We retrospectively analyzed the clinical

TABLE 1. Characteristics of Patients in 2 Groups

Characteristics Control Group (n

Age, yr
Median 51.75
Range 25–75

Sex, N (%)
Male 20 (45)
Female 24 (55)

Hunt and Hess grade, N (%)
Grade IV 29 (66)
Grade V 15 (34)

Fisher grade, N (%)
Grade 2 11 (25)
Grade 3 24 (55)
Grade 4 9 (20)
Hydrocephalus, N (%) 9 (20)

Aneurysm location, N (%)
ACA/AcomA 19 (43)
MCA 10 (23)
ICA/PcomA 15 (34)

Aneurysm size, N (%)
<5 mm 26 (59)
5–15 mm 16 (36)
15–25 mm 2 (4)
Multiple aneurysms, N (%) 7 (16)

Time to surgery
<24 h NA
24–48 h NA
Rebleeding, N (%) 5 (11)
CVS, N (%) 7 (16)

mRS, N (%)
0–3 9 (20)
4–6 35 (80)
Total deaths, N (%) 32 (73)
Brain injury-related mortality, N (%) 23 (52)
Brain injury-unrelated, N (%) 9 (20)

CVS¼ cerebral vasospasm; mRS¼modified Rankin scale; NA¼ denote

2 | www.md-journal.com
materials of 103 patients with ruptured, Hunt and Hess grade IV
or V (70 cases with Hunt and Hess grade IV and 33 with grade
V), anterior circulation cerebral aneurysms at our institution
from January 2005 to June 2014. Subarachnoid hemorrhage was
confirmed by computed tomography (CT). All aneurysms were
detected by three-dimensional CT angiography (3D-CTA) and/
or three-dimensional digital subtraction angiography (3D-DSA)
examinations. The patients presented with herniation and other
cerebrovascular diseases (such as arteriovenous malformations
or moyamoya disease) or treated by endovascular coiling were
excluded. The population consisted of 103 patients. Forty-four
patients were managed conservatively, and 59 patients were
treated with microsurgical aneurysmal clipping via pterional or
supraorbital keyhole approaches combined with placement of
EVD within 24 hours (subgroup I) or at 24 to 48 hours (subgroup
II) based on the time of admission after onset of SAH and/or
intracerebral hematoma (ICH).

Management Protocol

Medicine � Volume 94, Number 51, December 2015
Minimally invasive pterional or supraorbital keyhole
approaches were performed in surgical group as previously
described by the same neurosurgeon.21,22 A standardized

¼ 44) Surgical Group (n¼ 59) P Value

53.12 0.740
25–80

23 (40) 0.510
36 (60)

40 (68) 0.700
19 (32)

10 (17) 0.342
30 (51)
19 (32)
13 (22) 0.847

28 (47) 0.850
11 (19)
20 (34)

27 (46) 0.221
31 (53)

1 (2)
8 (14)

34 NA
25

0 (0) 0.008
10 (17) 0.888

32 (54) 0.008
27 (46)
24 (41) 0.001

5 (8) 0.000
19 (32) 0.185

s not applicable.
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clinical treatment protocol was used in management of poor
grade aSAH patients, including dehydration, hemostatic, pre-
vention of cerebral vasospasm, control of blood pressure. In
addition, 44 patients in the conservative group were treated with
oxygen free radical scavengers, nutritional support. And 59
patients in surgical group, operated within 24 hours or 24 to
48 hours after onset of SAH, were treated with pterional (50
cases) or supraorbital (9 cases) keyhole approach combined
with placement of EVD. In addition, the surgical group was
divided into 2 subgroups according to surgical time (within
24 hours and at 24–48 hours). The EVD was placed before
craniotomy. The catheter inserted into the lateral ventricle was
opened when brain swelling occurred, then intracranial pressure
would be reduced and more working space was obtained.
Furthermore, the sylvian fissure dissection would be performed
smoothly. After the aneurysm and the proximal segment of
parent artery were exposed, removal of the hematoma associ-
ated with a ruptured aneurysm in internal carotid artery pool,
prechiasmatic cistern or brain parenchyma might be performed.

Medicine � Volume 94, Number 51, December 2015
Postoperative Management and Evaluation
The patients were managed with a traditional treatment of

aneurysmal subarachnoid hemorrhage postoperatively, including

TABLE 2. Characteristics and Outcomes of Patients With Intracra

Time Fro

Characteristic Subgroup I <24 h (N

Age, yr
Median 50.64
Range 35–65

Sex, N (%)
Male 12 (35)
Female 22 (65)

Hunt and Hess grade, N (%)
Grade IV 26 (76)
Grade V 8 (24)

Fisher grade, N (%)
Grade 2 6 (18)
Grade 3 18 (53)
Grade 4 10 (29)
Hydrocephalus, N (%) 8 (24)

Aneurysm location, N (%)
ACA/AcomA 13 (38)
MCA 14 (41)
ICA/PcomA 7 (21)

Aneurysm size, N (%)
<5 mm 17 (50)
5–15 mm 17 (50)
15–25 mm 0 (0)
Multiple aneurysms, N (%) 5 (15)
CVS, N (%) 5 (15)

mRS, N (%)
0–3 22 (65)
4–6 12 (35)
Total deaths, N (%) 7 (21)
Brain injury-related mortality, N (%) 2 (6)
Brain injury-unrelated, N (%) 5 (15)

CVS¼ cerebral vasospasm; mRS¼modified Rankin scale.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
‘‘3H’’ ( hypertension, hemodilution, hypervolemia), prevention
of cerebral vasospasm, oxygen-free radical scavengers, nutri-
tional support. CVS was detected by dynamic transcranial Dop-
pler monitoring (TCD) and/or DSA. Routine brain CT for
detecting postoperative complications has been achieved within
24 hours after surgical aneurysmal clipping. Postoperative DSA
or CTA were performed within 72 hours to verify adequate clip
placement. And neurological outcome was assessed at the 6-
month follow-up and categorized according to the patient’s
modified Rankin Scale (mRS) score (a good outcomewas defined
as mRS 0–3, and a poor outcome as mRS 4–6).

Statistical Analyses
Data analysis was performed in the Statistical Package for

the Social Sciences version 19.0. Direct logistic regression
analysis was applied to analyzing the prognostic impact of
variables on the likelihood that a patient would receive a poor
outcome rating. A probability of 0.05 or less was deemed
statistically significant.

Keyhole Approach for Poor-Grade Aneurysms
RESULTS
The population consisted of 103 patients, 43 men and 60

women, age ranging 21 to 80 years (average age of 52.5 years).

nial Aneurysm in Surgical Group

m Onset of Symptoms to Surgery

¼ 34) Subgroup II 24–48 h (N¼ 25) P Value

53.04 0.653
25–80

7 (28) 0.554
18 (72)

14 (56) 0.096
11 (44)

4 (16) 0.867
12 (48)
9 (36)
5 (20) 0.747

15 (60) 0.240
6 (24)
4 (16)

10 (40) 0.412
14 (56)
1 (4)
3 (12) 0.764
5 (20) 0.592

5 (20) 0.001
20 (80)
17 (68) 0.000
3 (12) 0.404

14 (56) 0.001
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TABLE 3. Characteristic and Outcome of Patients With Hunt
and Hess Grade 4 or 5 in Surgical Group

Hunt and Hess Grade,
N(%)

Characteristic
Grade IV
(N¼ 40)

Grade V
(N¼ 19) P Value

Age, yr
Median 50.25 54.63 0.108
Range 25–65 40–80

Sex, N (%)
Male 13 (33) 6 (32) 0.944
Female 27 (67) 13 (68)

Fisher grade, N (%)
Grade 2 6 (15) 4 (21) 0.840
Grade 3 21 (53) 9 (67)
Grade 4 13 (32) 6 (32)
Hydrocephalus, N (%) 11 (28) 2 (11) 0.142

Aneurysm location, N (%)
ACA/AcomA 21 (53) 7 (37) 0.444
MCA 13 (32) 7 (37)
ICA/PcomA 6 (15) 5 (26)

Aneurysm size, N (%)
<5 mm 19(47) 8 (42) 0.335
5–15 mm 21 (53) 10 (53)
15–25 mm 0(0) 1 (5)
Mutiple aneurysms, N (%) 6 (15) 2 (11) 0.639
CVS, N (%) 5(13) 5 (26) 0.186

mRS, N (%)
0–3 26 (65) 1 (5) 0.000
4–6 14 (35) 18 (95)
Total deaths, N (%) 8 (20) 16 (84) 0.000
Brain injury-related mortality, N (%) 2 (5) 3 (16) 0.164
Brain injury-unrelated, N (%) 6 (15) 13 (68) 0.000

Zheng et al
Forty-four patients were enrolled in conservative group, and 59
patients were treated with microsurgical aneurysmal clipping
via pterional or supraorbital keyhole approaches combined with
placement of EVD within 24 hours (subgroup I) or at 24 to
48 hours (subgroup II) after onset of SAH and/or intracerebral
hematoma (ICH). The characteristics of aSAH patients in the
control group and surgical group are shown in Table 1. One
hundred nineteen anterior circulation aneurysms in 103 patients
were detected by CTA and DSA examinations. There were
different amounts of hemorrhage in ambient cistern, sylvian
fissures, interhemispheric fissure, brain parenchyma, or ven-
tricular system. And there were 15 patients with multiple
cerebral aneurysms and 38 patients with ICH in these patients.
Aneurysmal location is also shown in Table 1.

Nine patients (20%) in conservative group (44 patients)
had a good outcome compared with 32 patients (54%) in
surgical group (59 patients), and the difference was statistically
significant (P< 0.05, Table 1). Thirty-five patients (80%)
receiving conservative therapy had a poor outcome compared
with 27 patients (46%) receiving surgical treatment. The differ-
ence was statistically significant (P¼ 0.008). In surgical group,
it was shown that age, Hunt and Hess grade (IV or V), and
timing of intervention (<24 hours or later) influenced the
clinical outcome of the patients (P< 0.05), which was applied

DIND¼ delayed ischemic neurologic deficit; mRS¼modified
Rankin scale.
to predicting morbidity and mortality. However, sex, Fisher
grade, hydrocephalus, and the location of aneurysms did not
(P> 0.05).

4 | www.md-journal.com
Twenty-two patients (65%) in the subgroup I (34 patients)
who were operated within 24 hours after onset of SAH had a
good outcome compared with 5 patients (20%) in the subgroup
II (25 patients) who were operated within 24 to 48 hours
(P< 0.05, Table 2). In surgical group, 65% of patients (26/
40) with Hunt and Hess grade IV had a good outcome compared
with 5% (1/19) with Hunt and Hess grade V (P< 0.05, Table 3).
And there were 7 patients (16%) with CVS in the conservative
group compared with 10 patients (17%) in surgical group
(P< 0.05, Table 1). The data for mortality were available for
32 (73%) in conservative group and 24 (40 %) in surgical group,
respectively (P< 0.05, Table 1). And the number of deaths due
to brain injury (herniation) was 23 (52%) in the conservative
group and 5 (8%) in surgical group, respectively (P< 0.05,
Table 1). There was no intracerebral hemorrhage and infection
associated with surgery. Case examples with edited videos are
presented (Figures 1–3 and Videos 1–3, http://links.lww.com/
MD/A574, http://links.lww.com/MD/A575, http://links.lww.
com/MD/A576).

DISCUSSION
Poor-grade aneurysmal subarachnoid hemorrhage is a

cause of high morbidity and mortality. Nonoperative manage-
ment is nearly fatal, whereas decompressive craniectomy,
aneurysmal clipping, and early endovascular treatment can
improve short- and long-term outcomes.13,23–25 However,
many complications in DC, such as herniation, infection, sei-
zures, hydrocephalus, and large skull defects after surgery,
restricted its application for aneurysmal clipping.15 And
although early endovascular treatment could lead to a better
outcome due to a reduced chance of rebleeding, subsequent
decompressive craniectomy should be performed.13,25 Here, we
find that keyhole approach combined with external ventricular
drainage is feasible and effective for hematoma evacuation and
aneurismal clipping in patients with poor-grade anterior circu-
lation cerebral aneurysms.

It is generally accepted that keyhole approach is suitable
for aneurysmal clipping.26 The main problem of the keyhole
approach for poor-grade ruptured aneurysm is whether ideal
relaxation of the brain tissue and the exposure of the aneurysm
and its parent artery can be easily achieved during operation.
Hydrocephalus and brain edema will hamper the relaxation of
the brain tissue, which is associated with intraoperative CSF
drainage. The following ways are often used in CSF drainage: a
preoperatively placed lumbar drain: as cerebral herniation may
occur after placement of lumbar drain in the patients with
intracranial hypertension, a preoperatively placed lumbar drain
is a contradiction to the poor-grade patients with intracranial
hypertension; Opening the sylvian fissure, carotid artery pool,
prechiasmatic cistern, basal cistern, and cistern of lamina
terminalis, which is easily blocked by blood clot following
SAH; and drainage of CSF via ventricular system: according to
the relationship between ICP and intracranial volume, removal
of even a small amount of CSF can lower ICP significantly. In
addition, and EVD has been proved to be effective in obtaining
lower-grade condition in poor-grade patients.19 Therefore, EVD
is the best scheme for CSF drainage. CSF drainage via ven-
tricular system will reduce ICP, and provide more working
space for surgery via keyhole approaches. Then the arachnoid
can easily be dissected and the blood clot can be cleared from

Medicine � Volume 94, Number 51, December 2015
the subarachnoid cisterns. Finally, the ideal exposure of the
aneurysm and its parent artery are obtained. It was shown that 9
patients (20%) in conservative group had a good outcome

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Case 1: A, Subarachnoid hemorrhage was detected on preoperative CT. B and C, Right MCA aneurysm was found on CTA. D,
Postoperative CT displayed that the patient underwent surgery via right pterional keyhole approach. E, Postoperative CT displayed the
MCA was clipped and no fresh bleeding was detected. F, Postoperative CTA showed MCA aneurysm was completely clipped. The surgical
procedure was shown on Video, http://links.lww.com/MD/A574. CTA¼ computed tomography angiography.

FIGURE 2. Case 2: A, Right temporal lobe sylvian fissure hematoma was detected on preoperative CT. B and C, Right MCA aneurysm was
found on CTA. D and E, Postoperative CT displayed that the patient underwent aneurysm clipping and hematoma evacuation via right
pterional keyhole approach. F, Postoperative CTA showed MCA aneurysm was completely clipped. The surgical procedure was shown on
Video 2, http://links.lww.com/MD/A575. And the patient underwent aneurysm clipping with subsequent hematoma evacuation.

Medicine � Volume 94, Number 51, December 2015 Keyhole Approach for Poor-Grade Aneurysms

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 5

http://links.lww.com/MD/A574
http://links.lww.com/MD/A575


FIGURE 3. Case 3: A and B, Subarachnoid hemorrhage was detected on preoperative CT. C and D, AcomA aneurysm was found on
rys

n an

Zheng et al Medicine � Volume 94, Number 51, December 2015
compared with 32 patients (54%) in surgical group. In this
study, the rate of favorable outcome in surgical group (54%) is
higher than that in patients with coil embolization followed by
decompression (22.5%).13 Furthermore, the mortality in
patients with keyhole approach combined with EVD has been
reduced to 40% (Table 1), which is similar to that in patients
with coil embolization followed by decompression (36.7%).13

Therefore, keyhole approach combined with EVD was a feas-
ible treatment for ruptured, poor-grade, anterior circulation
cerebral aneurysms, and it reduced the morbidity and mortality
effectively. In the surgery, adhesion between the dome of the
aneurysm and surrounding tissue usually occurs following
SAH, which will cause premature rupture of the aneurysm
before confirmation of the vascular anatomy. Therefore, sharp
division is recommended to execute while dissecting of cerebral
gyri and cisterns. In addition, the aneurysms and their parent
arteries are recommended to be exposed with little or no brain
retraction which may minimize the risk of mechanical injury to
brain tissue and cerebral vasculature,27 when the ideal drainage
of CSF from ventricular system occurs.27 If the intracranial
hypertension is mainly associated with the ICH, we may partly
remove the hematoma first to lower ICP.

Direct logistic regression analysis was applied to analyzing

preoperative DSA. E and F, Postoperative CTA showed AcomA aneu
Video 3, http://links.lww.com/MD/A576. DSA¼digital subtractio
the prognostic impact of variables in surgical group, including
age, sex, Hunt and Hess grade (IV and V), Fisher grade, (2,3,4)
hydrocephalus, aneurysmal location, time to surgery, and CVS.

6 | www.md-journal.com
And it was shown that age, Hunt and Hess grade (grade IV or V),
and timing of intervention (<24 hours or at 24–48 hours)
influenced the clinical outcome of the patients (P< 0.05),
which was applied to predicting morbidity and mortality.
However, sex, Fisher grade, hydrocephalus, and the location
of aneurysms did not (P> 0.05). It is doubted whether mech-
anical stimulation of early surgical intervention for ruptured
aneurysms might aggravate brain damage produced by cerebral
vasospasm. However, it is recognized that hemoglobin is a key
factor in the production of cerebral vasospasm.28 More and
more evidence indicated that CVS can be prevented and
reduced by increased blood clot clearance from the subarach-
noid space after SAH,12 and timely removal of red blood cells
and hemoglobin from subarachnoid space may potentially
reduce or even prevent CVS.29 Twenty-two patients (65%) in
subgroup I who were operated within 24 hours after onset of
SAH had a good outcome compared with 5 patients (20%) in
subgroup II who were operated at 24 to 48 hours (P< 0.05,
Table 2). Consequently, it tells us that the good outcome may be
obtained, if the poor-grade, anterior circulation cerebral aneur-
ysm had been treated in the first 24 hours after SAH.30 Twenty-
six patients (65%) in patients with Hunt and Hess grade IV had a
good outcome compared with 1 patient (5%) patients with Hunt

m was completely clipped. The surgical procedure was shown on
giography.
and Hess grade V (P< 0.05, Table 3). Hence, it also tells us that
Hunt and Hess grade IV in surgical group will lead to a much
better prognosis than grade V. Certainly, the amount of removed

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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blood clot in subarachnoid space and surrounding aneurysms
may be a little part of intracranial hematocele following SAH.
And bloody CSF might be continuously drained after surgery
for reducing the stimulation of hemoglobin on cerebral vascu-
lature. With fluctuations in ICP continuously observed and
timely adjusting the usage of mannitol, the rating of manni-
tol-induced acute renal failure was decreased.31,32 In addition,
real-time detection of changes in ICP could be useful in alerting
clinicians to the application of timely intervention measures,
such as assistant examination for detection of intracranial
hemorrhage or CVS and medical management or surgical
intervention for elevated ICP.

As our conclusions were drawn from a single institution
experience, and the conclusion that CVS is associated with poor
outcome is not inconsistent with the previous report,33 a larger
sample is needed to verify our findings.

In conclusion, keyhole approach combined with external
ventricular drainage is a safe and reliable treatment for ruptured,
poor-grade, anterior circulation cerebral aneurysms, and it will
reduce morbidity and mortality effectively. It is recommended
that the poor-grade, anterior circulation cerebral aneurysm
should be treated in the first 24 hours after SAH, and the Hunt
and Hess grade IV will lead to a much better prognosis than
grade V.

ACKNOWLEDGMENT

This study was sponsored by the key clinical specialty
discipline construction program of Fujian, P.R.C, the Young
and Middle-aged Backbone Key Research Project of National
Health and Family Planning Commission of Fujian Province
(No. 2014-ZQV-ZD-14 to L-HY), major project of Fujian
provincial department of science and technology (No. 2014
YZ0003 and No. 2014YZ01 to D-ZK).

REFERENCES

1. Bailes JE, Spetzler RF, Hadley MN, et al. Management morbidity

and mortality of poor-grade aneurysm patients. J Neurosurg.

1990;72:559–566.

2. Seifert V, Trost HA, Stolke D. Management morbidity and mortality

in grade IV and V patients with aneurysmal subarachnoid haemor-

rhage. Acta Neurochir (Wien). 1990;103:5–10.

3. Gupta SK, Ghanta RK, Chhabra R, et al. Poor-grade subarachnoid

hemorrhage: is surgical clipping worthwhile? Neurol India.

2011;59:212–217.

4. Hutchinson PJ, Power DM, Tripathi P, et al. Outcome from poor

grade aneurysmal subarachnoid haemorrhage: which poor grade

subarachnoid haemorrhage patients benefit from aneurysm clipping?

Br J Neurosurg. 2000;14:105–109.

5. Laidlaw JD, Siu KH. Poor-grade aneurysmal subarachnoid hemor-

rhage: outcome after treatment with urgent surgery. Neurosurgery.

2003;53:1272–1280.

6. Sasaki T, Sato M, Oinuma M, et al. Management of poor-grade

patients with aneurysmal subarachnoid hemorrhage in the acute

stage: importance of close monitoring for neurological grade

changes. Surg Neurol. 2004;62:535–537.

7. Wilby MJ, Sharp M, Whitfield PC, et al. Cost-effective outcome

for treating poor-grade subarachnoid hemorrhage. Stroke. 2003;34:

2508–2511.

Medicine � Volume 94, Number 51, December 2015
8. Cremers CH, van der Schaaf IC, Wensink E, et al. CT perfusion and

delayed cerebral ischemia in aneurysmal subarachnoid hemorrhage:

a systematic review and meta-analysis. J Cereb Blood Flow Metab.

2014;34:200–207.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
9. Sandstrom N, Yan B, Dowling R, et al. Comparison of microsurgery

and endovascular treatment on clinical outcome following

poor-grade subarachnoid hemorrhage. J Clin Neurosci.

2013;20:1213–1218.

10. Alberti O, Becker R, Benes L, et al. Initial hyperglycemia as an

indicator of severity of the ictus in poor-grade patients with

spontaneous subarachnoid hemorrhage. Clin Neurol Neurosurg.

2000;102:78–83.

11. Carr KR, Zuckerman SL, Mocco J. Inflammation, cerebral vasos-

pasm, and evolving theories of delayed cerebral ischemia. Neurol

Res Int. 2013;2013:506584.

12. Macdonald RL. Lumbar drainage after subarachnoid hemorrhage:

does it reduce vasospasm and delayed hydrocephalus? Neurocrit

Care. 2007;7:1–2.

13. Hwang US, Shin HS, Lee SH, et al. Decompressive surgery in

patients with poor-grade aneurysmal subarachnoid hemorrhage:

clipping with simultaneous decompression versus coil embolization

followed by decompression. J Cerebrovasc Endovasc Neurosurg.

2014;16:254–261.

14. Smith ER, Carter BS, Ogilvy CS. Proposed use of prophylactic

decompressive craniectomy in poor-grade aneurysmal subarachnoid

hemorrhage patients presenting with associated large sylvian hemato-

mas. Neurosurgery. 2002;51:117–124.

15. Schuss P, Vatter H, Oszvald A, et al. Bone flap resorption: risk

factors for the development of a long-term complication following

cranioplasty after decompressive craniectomy. J Neurotrauma.

2013;30:91–95.

16. Zhao B, Zhao Y, Tan X, et al. Primary decompressive craniectomy

for poor-grade middle cerebral artery aneurysms with associated

intracerebral hemorrhage. Clin Neurol Neurosurg. 2015;133:1–5.

17. Stapleton CJ, Walcott BP, Fusco MR, et al. Surgical management

of ruptured middle cerebral artery aneurysms with large intrapar-

enchymal or sylvian fissure hematomas. Neurosurgery.

2015;76:258–264.

18. Park HS, Park SK, Han YM. Microsurgical experience with

supraorbital keyhole operations on anterior circulation aneurysms.

J Korean Neurosurg Soc. 2009;46:103–108.

19. Ransom ER, Mocco J, Komotar RJ, et al. External ventricular

drainage response in poor grade aneurysmal subarachnoid hemor-

rhage: effect on preoperative grading and prognosis. Neurocrit Care.

2007;6:174–180.

20. Arnold H, Schwachenwald R, Nowak G, et al. Aneurysm surgery in

poor grade patients. Results, and value of external ventricular

drainage. Neurol Res. 1994;16:45–48.

21. Nathal E, Gomez-Amador JL. Anatomic and surgical basis of the

sphenoid ridge keyhole approach for cerebral aneurysms. Neurosur-

gery. 2005;56:178–185.

22. Tatarli N, Ceylan D, Seker A, et al. The supraorbital keyhole

approach. J Craniofac Surg. 2015;26:1663–1667.

23. Bohnstedt BN, Nguyen HS, Kulwin CG, et al. Outcomes for clip

ligation and hematoma evacuation associated with 102 patients with

ruptured middle cerebral artery aneurysms. World Neurosurg.

2013;80:335–341.

24. Bracard S, Lebedinsky A, Anxionnat R, et al. Endovascular

treatment of Hunt and Hess grade IV and V aneuryms. AJNR Am J

Neuroradiol. 2002;23:953–957.

25. van Loon J, Waerzeggers Y, Wilms G, et al. Early endovascular

treatment of ruptured cerebral aneurysms in patients in very poor

neurological condition. Neurosurgery. 2002;50:455–464.

Keyhole Approach for Poor-Grade Aneurysms
26. Mori K. Keyhole concept in cerebral aneurysm clipping and tumor

removal by the supraciliary lateral supraorbital approach. Asian J

Neurosurg. 2014;9:14–20.

www.md-journal.com | 7



27. Krayenbuhl N, Oinas M, Erdem E, et al. The impact of minimizing

brain retraction in aneurysm surgery: evaluation using magnetic

resonance imaging. Neurosurgery. 2011;69:344–348.

28. Jordan JD, Nyquist P. Biomarkers and vasospasm after

aneurysmal subarachnoid hemorrhage. Neurosurg Clin N Am.

2010;21:381–391.

29. Lin CL, Dumont AS, Zhang JH, et al. Cerebral vasospasm after

aneurysmal subarachnoid hemorrhage: mechanism and therapies.

Zheng et al
30. Zhao B, Zhao Y, Tan X, et al. Factors and outcomes associated

with ultra-early surgery for poor-grade aneurysmal subarachnoid

8 | www.md-journal.com
haemorrhage: a multicentre retrospective analysis. BMJ Open.

2015;5:e007410.

31. Visweswaran P, Massin EK, Dubose Jr TD. Mannitol-induced acute

renal failure. J Am Soc Nephrol. 1997;8:1028–1033.

32. Zeng J, Tong W, Zheng P. Decreased risk of acute kidney injury

with intracranial pressure monitoring in patients with moderate or

severe brain injury. J Neurosurg. 2013;119:1228–1232.

Medicine � Volume 94, Number 51, December 2015
33. Al-Tamimi YZ, Orsi NM, Quinn AC, et al. A review of delayed

Biomed Res Int. 2014;2014:679014.
 ischemic neurologic deficit following aneurysmal subarachnoid

hemorrhage: historical overview, current treatment, and

pathophysiology. World Neurosurg. 2010;73:654–667.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.


	Keyhole Approach Combined With External Ventricular Drainage for Ruptured, Poor-Grade, Anterior Circulation Cerebral™Aneurysms
	INTRODUCTION
	METHODS
	Patient Population
	Management Protocol
	Postoperative Management and Evaluation
	Statistical Analyses

	RESULTS
	DISCUSSION
	Acknowledgment


