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Abstract: Objective: To explore the clinical effects of ultra-early microsurgery (< 24 hours) combined with extra-
ventricular drainage for the treatment of poor-grade aneurysms. Methods: A total of 60 patients with poor-grade
aneurysms were randomly divided into a microsurgery combined with extraventricular drainage (MED) group and
conventional microsurgery (M) group. The prognosis was comparatively studied for these 2 groups. Results: All pa-
tients underwent a Glasgow Outcome Scale (GOS) assessment during a 6-month to 2-year follow-up. The excellent
recovery (GOS, 4-5 points) rate for the MED group was 30% higher than that of the M group, while the poor recovery
(GOS, 1-2 points) rate was 26.7% lower than that of the M group (P = 0.016). The incidence of acute brain swelling
(26.7% vs 53.3%; P = 0.035), cerebral infarction (20% vs 46.7%; P = 0.025), and vasospasm (16.7% vs 40%; P =
0.045) for the MED group was significantly lower than that of the M group. Conclusions: For microsurgery combined
with extraventricular drainage, the risk of cerebral infarction and vasospasm were significantly reduced for patients
with poor-grade aneurysms, and the prognosis was better.
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Introduction

A poor-grade aneurysm is a serious disease
with high morbidity and mortality of 60%-90%
[1-3]. Conservative treatment was normally
suggested because of poor medical practice
for this uncommon disease. However, for the
first treatment, early microsurgery or endovas-
cular treatment is preferable with a good prog-
nosis [4-6]. However, diffuse brain swelling
(DBS), vasospasm, and cerebral infarction still
seriously affect prognosis postoperatively. The
incidence of vasospasm following aneurysm
rupture is as high as 70%, of which 17%-40%
could lead to delayed neurologic dysfunction [7,
8]. Sasaki et al. found that the occurrence rate
of cerebral infarction was 4.4% for patients
with aneurysms who underwent microsurgery
[9]. The rate was even higher for patients with
poor-grade aneurysms. A reduction in DBS
would be beneficial to prevent vasospasms and

cerebral infarction, while improving cerebral
blood flow and perfusion. Thus, methods to
reduce DBS are now critical for the prognosis of
poor-grade aneurysms. In this study, we exam-
ined ultra-early microsurgery combined with
extraventricular drainage for the treatment of
poor-grade aneurysms. Patients who received
treatment with ultra-early microsurgery and
extraventricular drainage had a better progno-
sis than those who received a single microsurgi-
cal treatment.

Methods
Inclusion and exclusion criteria

The diagnostic criteria for poor-grade aneu-
rysms were based on the Hunt and Hess scale;
specifically, a scale from 4 to 5 indicated a poor
grade. Diagnosis of ruptured aneurysms was
completed using head computed tomography
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Table 1. Basic and clinical characteristics of
the patients

MED group M group

Characteristics (n = 30) (n = 30)
Sex
Female 17 14
Male 13 16
Age 63+13.2 63+14.5
Hunt and Hess
% 16 12
\% 14 18
Location
ACoA 14 14
MCA 10 12
Posterior circulation 4 4
DACA 2 0

ACOA, anterior communicating artery; MCA, middle
cerebral artery; DACA: distal anterior cerebral artery
aneurysms; Posterior circulation, contained the posterior
communicating artery.

Table 2. Prognosis-related bias factors for the
2 groups

MED group M group

Variable (n = 30) (n = 30) P value
Age 63+13.2 63+145 1.000
Hunt and Hess
v 16 12 0.305
vV 14 18

Quantitative data are expressed as mean * standard
deviation with an independent 2-sample t test; The rank
sum test was used for ranked data.

angiography (CTA) or digital subtraction angiog-
raphy (DSA). The inclusion criteria included: (1)
Hunt and Hess scale of IV and V; (2) no cerebral
hernia was found preoperatively; (3) DBS or
local brain swelling; and (4) combined with
intracranial hematoma or ventricle hemato-
cele. The exclusion criteria included: (1) trau-
matic subarachnoid hemorrhage or subarach-
noid hemorrhage with unknown causes; (2)
onset time of > 24 hours; (3) medical history
included severe heart or lung disease and other
risk factors affecting prognosis after aneurysm-
clipping surgery; (3) age of > 90 years; (4) recur-
rent aneurysm or residual aneurysm necessi-
tating secondary surgery; (5) multiple an-
eurysms; and (6) patients who abandoned
treatment.
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Ethical review

Our study was approved by the institutional
review board (IRB) of Wuxi 101 Hospital of
Chinese People’s Liberation Army (PLA). Written
consent was obtained from each patient.

Study method

Sixty patients were randomly assigned to
undergo ultra-early microsurgery combined
with extraventricular drainage or a single micro-
surgery. All operations were completed by the
same experienced microsurgical surgeon.

Clinical data

The microsurgery with extraventricular drain-
age (MED) group comprised the following: the
patients (male/female: 13/17) were 44-73
years of age (63 + 13.2 years). There were 14
cases with an anterior communicating artery,
10 cases with a middle cerebral artery, 4 cases
with posterior circulation, and 2 cases with a
distal anterior cerebral artery. According to the
Hunt and Hess score, the number of cases with
grades IV and V was 16 and 14, respectively.

The microsurgery (M) group comprised the fol-
lowing: the patients (male/female: 16/14) were
31-78 years of age (63 + 14.5 years). There
were 14 cases with an anterior communicating
artery, 12 cases with a middle cerebral artery,
and 4 cases with a posterior communicating
artery. According to the Hunt and Hess score,
the number of cases with grades IV and V was
12 and 18, respectively (Table 1).

Pre-surgical procedure

All patients underwent tracheal intubation to
preserve a normal oxygen concentration, and
intravenous access was established to ensure
sufficient blood supply. CTA or DSA examination
was conducted. CT perfusion (CTP) was also
used to assess cerebral blood flow (CBF) and
cerebral blood vessels (CBV), if possible.
Hemostatic and anti-vasospasm agents were
helpful for patients before surgery. To reduce
intracranial pressure, 20% mannitol (125 mL)
was used for patients who had a sudden unilat-
eral (bilateral) pupil dilation or acute DBS.
There was no obvious difference in periopera-
tive treatment between the 2 groups.
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Figure 1. Images obtained from the 60 patients who were assessed at a Hunt-Hess grade V and Fisher grade 3
before undergoing ultra-early microsurgery combined with extraventricular drainage. After a 14-month follow-up,
their Glasgow Outcome Scale was 5. A. A CT scan showed extensive SAH (especially at the basal cistern) and right
temporal frontal lobe intracerebral hematoma. B. A postoperative CT scan showed that the aneurysm was occluded
and that the hematoma was sufficiently removed. C. Three days postoperatively, a CT scan showed that the ventricle
was normal. Red arrows indicate that the extraventricular drainage tube in the ventricle. D. Computed tomography
angiography (CTA) showed right posterior communicating aneurysms, and red arrows indicate the aneurysm. E.
Computed tomography angiography (CTA) after ultra-early microsurgical treatment showing that the aneurysm was
perfectly occluded. F. Six months postoperatively, CTA showed no obvious intracranial vascular stenosis and normal

vascular morphology.

Surgical procedure

All 60 patients with poor-grade aneurysms had
their surgery within 24 hours, depending on
their CTA examination scores (aneurysm size
and location, neck width of aneurysm, etc.).
Forty-six cases underwent a trans-sylvian fis-
sure approach, while 6 cases underwent an
interhemispheric approach for an anterior inter-
hemispheric hematoma and 8 cases under-
went a posterior fossa craniotomy. For decom-
pression, all patients underwent routine crani-
otomy with a bone flap area of more than 5 x 5
cm. After aneurysm occlusion, the MED group
underwent an extraventricular drainage, while
the M group did not.
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Postoperative treatment and monitoring

Both groups had almost the same postopera-
tive treatments. Briefly, all patients were admin-
istered nimodipine to reduce cerebral vaso-
spasm and to improve brain blood circulation.
Some medicines were routinely used such as
hemostatic, free radical scavengers, acid inhib-
itors, and dehydrants. Thirty cases in the M
group underwent a lumbar puncture or continu-
ous external lumbar drainage of cerebral spinal
fluid after the epidural drainage tube was
removed. The extraventricular drainage tube
should be removed within 2 weeks after sur-
gery, or it could lead to intracranial infection.
Transcranial Doppler (TCD) was performed to
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Table 3. Postoperative complications

Complications M(iD=g£%t;p '(\:I] ‘ir%%g P value
Acute brain swelling 8(26.7%) 16 (53.3%) 0.035
Vasospasm 6 (20%) 14 (46.7%) 0.028
Intracranial infection 6 (20%) 5(16.7%) 0.739
Cerebral infarction 5 (16.7%) 12 (40%) 0.045

Pearson’s x? test was used in the statistical analysis.

Table 4. Post treatment outcomes for the 2 groups

Variable N Favorable Disability Poor P value

MED 30 15(50%) 5(16.7%) 10 (33.3%) P =0.016
M 30 6(20%) 6(20%) 18 (60%)

Rank sum test was used in the statistical analysis.

detect cerebral vasospasms, and head CT was
routinely performed to detect brain or cerebral
infarction after surgery.

Follow-up, outcomes, and postoperative com-
plication assessment

Outcomes were evaluated for at least 6 months
(range, 6 months to 2 years) after surgery
according to GOS score with an in-person inter-
view. The same neurosurgical surgeon complet-
ed all the outcome evaluations.

GOS was rated and classified into the following
5 levels: level 5 indicated good recovery
(patients had a normal life and lived indepen-
dently, such as able to return to work or school);
level 4 indicated moderate disability (patients
could take care of themselves and live indepen-
dently but were unable to return to work or
school); level 3 indicated severe disability
(patients could not take care of themselves,
were unable to live independently, required
help, and remained conscious); level 2 indicat-
ed a vegetative state (patients were in a long-
term coma and unable to interact with others);
and level 1 indicated death. In our study, favor-
able outcomes were associated with 4 and 5; a
poor functional outcome was associated with 1
and 2, while severe disability was associated
with a 3 based on the GOS score.

Postoperative complications were assessed by
comparing the occurrences of vasospasm,
acute brain swelling, intracranial infection, and
cerebral infarction. Vasospasm was defined as
a slowing of blood flow velocity and reduction in
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blood volume detected by TCD, or vascular
stenosis was detected using DSA or CTA
examination. Acute brain swelling was
defined if an encephalocele or a hardening
of brain tissue was bulging from the bone
defect area. Intracranial infection was indi-
cated if the cerebrospinal fluid cultures
were positive after surgery. Cerebral infarc-
tion, diagnosed by CT or MRI, was defined
as an ischemic brain lesion. Using CT scans,
cerebral infraction was indicated by a
low-density irregular lamellar with clear
margins.

Statistical analysis

Data analysis was performed using SPSS

14.0 (SPSS, Inc; Anhui Medical University,
China). Quantitative data are expressed as
mean * standard deviation (SD). Categorical
variables are expressed as frequency and per-
centage. To compare data between 2 treat-
ment groups in a univariate analysis, indepen-
dent 2-sample t test or rank sum test was used
for continuous variables, and x? test or Fisher’s
exact test was used for categorical variables. In
statistical assessments, a P value of < 0.05
was considered significant.

Results
Relevant prognosis bias factors

Different Hunt and Hess scores and ages may
lead to bias in prognosis. To analyze that pos-
sibility, a t test was used to analyze differences
in age, and the rank sum test was adopted to
analyze the Hunt and Hess scores between the
2 groups. After the statistical analysis, there
were no significant differences between the 2
groups regarding age and Hunt and Hess scores
(P > 0.05) (Table 2).

Clinical outcomes

Aneurysms were completely occluded as con-
firmed by reexamination CTA or DSA. No cases
in either group experienced rebleeding or
relapses. According to the GOS scales, a higher
percentage of cases in the MED group (50%;
15/30) had an excellent recovery (GOS, 4-5), as
compared with cases in the M group (20%;
6/30). However, a lower percentage of cases in
the MED group (33.3%; 10/30) had a poor
recovery (GOS, 1-2), as compared with cases in
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the M group (60%; 18/30) (a typical case is pre-
sented in Figure 1).

Acute brain swelling

Although all patients underwent a decompres-
sive craniectomy, the incidence of acute brain
swelling was still high in both groups. However,
the M group had a higher rate of acute brain
swelling than the MED group (53.3% vs 26.7%;
P = 0.035) (Table 3). Both groups underwent
similar treatment plans such as using human
blood albumin as a dehydration therapy; the
acute brain swelling in many of the patients
was gradually reduced.

Vasospasm

TCD was used to monitor vasospasms daily. Six
of the 30 patients (20%) experienced different
degrees of cerebral vasospasms in the MED
group, while the M group had 14 (46.7%)
patients who experienced vasospasms. The 2
groups underwent similar treatments to reduce
cerebral vasospasms, and there were no surgi-
cal complications. Differences between the 2
groups were significant (P = 0.028; Table 3).

Intracranial infection

Postoperatively, 6 and 5 patients were diag-
nosed with an intracranial infection in the MED
and M groups, respectively (Table 3). There
were no differences between the 2 groups.
These 11 patients were cured with anti-infec-
tive therapy.

Cerebral infarction

A cerebral infarction occurred in 5 patients
(16.7%) in the MED group and 12 patients
(40%) in the M group. The value in the MED
group was significantly lower than that of the M
group (P = 0.045; Table 3). Cerebral infarctions
mainly occurred in the basal ganglia region and
surgical areas.

Discussion

Although ultra-early microsurgery could im-
prove the prognosis of patients with poor-grade
aneurysms to some extent, high mortality and
morbidity still remain challenges with surgical
treatment [10-12]. Extraventricular drainage,
especially combined with hydrocephalus, was a
useful and common treatment for intraventricu-
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lar blood for patients with Hunt and Hess grade
IV or V [13]. However, there was no consensus
regarding whether it would be helpful to per-
form an extraventricular drainage after aneu-
rysm removal. Preliminarily, our department
suggested that postoperative extraventricular
drainage would be helpful for patients with
poor-grade aneurysms during the recovery peri-
od. To this end, we designed this prospective,
randomized, and comparative clinical study to
compare the effects of extraventricular drain-
age in aneurysm surgery. Through this clinical
trial, we found that the incidence of acute brain
swelling, vasospasms, and cerebral infarction
were significantly reduced in the MED group, as
compared with the M group. However, the inci-
dence of intracranial infection was not different
between the 2 groups, indicating that extraven-
tricular drainage did not increase the infection
risk. Importantly, 50% of patients in the MED
group experienced a good recovery, while only
20% of patients in the M group had a good out-
come; 33.3% of patients in the MED group had
a poor outcome, as compared with 60% of
patients in the M group (P = 0.016; Table 4).

DBS might have occurred preoperatively be-
cause of intracerebral hematoma or hydro-
cephalus. With an increase in cerebral edema,
cerebral contusion, and aggravation of hydro-
cephalus postoperatively, brain swelling would
become more serious [14, 15]. Kienin et al.
considered that because of a damaged blood
brain barrier (BBB) [16], vasospasm and endog-
enous toxic substances contributed to brain
swelling after aneurysm rupture. In our present
study, the incidence of acute brain swelling
postoperatively was higher (53.3.3%) in the M
group, as compared with the MED group
(26.7%). Because of extraventricular drainage,
we could reduce the ICP and brain tissue dam-
age preferably by releasing bloody CSF.

The incidence of vasospasm was only 20% in
the MED group and as high as 46.7% in the M
group. The possible reasons might include: (1)
extraventricular drainage could release a sub-
arachnoid hematocele, which could lead to
cerebral vasospasm [17-20]; And [2] promotion
of cerebrospinal fluid circulation to reduce
inflammatory cytokines such as IL-1, IL-6, FR,
and TNF-a that could cause cerebral vaso-
spasm [21, 22]. Patients with poor-grade aneu-
rysms had a high incidence of vasospasms,
and 17%-40% of patients experienced delayed
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neurologic sequelae [3, 8, 9]. Extraventricular
drainage could reduce the incidence of vaso-
spasm and could improve outcomes for these
patients.

The incidence of local or large cerebral infarc-
tions was 16.7% in the MED group, as com-
pared with 40% in the M group. There are a
variety of reasons these patients might experi-
ence a cerebral infarction, such as intra-opera-
tive perforating vessel injury [9, 23]. Su-
barachnoid hematocele and cerebral vaso-
spasms could also lead to cerebral infarction
[9, 24]. Extraventricular drainage after surgery
not only eliminated the subarachnoid hemato-
cele and ventricle hematocele quickly, but also
could alleviate cerebral vasospasms. Therefore,
it could reduce the incidence of cerebral infarc-
tion after surgery.

The timing of extraventricular drainage is criti-
cal as many studies reported that extraventric-
ular drainage could increase the risk of rebleed-
ing for patients with poor-grade aneurysms [25,
26]. Before occlusion of an aneurysm, an aneu-
rysm is susceptible to rupture. Rapid intracra-
nial pressure reduction using extraventricular
drainage would lead to aneurysm rebleeding.
Therefore, it would be safe and effective to per-
form extraventricular drainage after aneurysm
occlusion. In our study, there was no incidence
of rebleeding for the 30 patients who under-
went extraventricular drainage. Fifty-two of the
60 patients were selected for puncture of the
lateral ventricle frontal horns, while 8 of the 60
patients were selected for puncture of the lat-
eral ventricle occipital horns; the puncture
depth was about 5-6 cm, and the drainage tube
could be kept in place for < 2 weeks.

Conclusion

In summary, we found that the incidence of
acute brain swelling, vasospasm, and cerebral
infarction were significantly reduced for pa-
tients with poor-grade aneurysms who under-
went ultra-early microsurgery combined with
extraventricular drainage. However, our study
was limited by the small number of patients in
each group. A larger, multicenter, randomized
controlled trial should be conducted in the
future.
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