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Abstract. – OBJECTIVE: To explore the clini-
cal efficacy of aneurysm embolization and cere-
brospinal fluid (CSF) replacement in the treat-
ment of aneurysmal subarachnoid hemorrhage
(SAH).

PATIENTS AND METHODS: Seventy-nine pa-
tients with grade III-IV aneurysmal subarachnoid
hemorrhage, who were treated in the hospital
from Jan. 2012 to Jan. 2014, were included in
this study. These patients were treated with dif-
ferent methods based on the cause of disease
and the treatment chosen by their families. In the
treatment group, 42 patients received aneurysm
embolization and cerebrospinal fluid replace-
ment, while 37 patients in the control group re-
ceived simple aneurysm embolization. The treat-
ment efficacy and the occurrence of complica-
tions in both groups were compared.

RESULTS: The occurrence of cerebral va-
sospasm and hydrocephalus in the treatment
group was significantly lower than the control
group, and the difference was statistically signif-
icant. However, the mortality rate was decreased
in both groups.

CONCLUSIONS: Both methods had the advan-
tage of minimal invasiveness and rapid post-op-
erative recovery. But using combination of these
two methods is clinically rational and could de-
crease the rate of disability and mortality.

Key Words:
Subarachnoid hemorrhage, Cerebrospinal fluid re-

placement, Aneurysm embolization.

Introduction

Subarachnoid hemorrhage (SAH) is a common
critical illness in Neurology Department1,2. And it
is an acute hemorrhagic cerebrovascular disease
of surface vessel rupture in pavimentum cerebri,
brain and spinal cord, which is produced by mul-
tiple causes. The hemorrhage flows into sub-
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arachnoid space. The onset of the disease is acute
and progresses quickly with a high mortality rate.
The efficacy of craniotomy or conservative medi-
cine treatment is unsatisfactory3-6. The main
cause of aneurysmal subarachnoid hemorrhage is
cerebral aneurysm rupture. The key therapy is to
prevent rehaemorrhagia in the aneurysm and a
precise treatment should be performed at a spe-
cific time after the identification of the aneurysm.
The treatment methods include: cranial aneurysm
occlusion and invasive aneurysm coil emboliza-
tion7,8. In this study, we treated aneurysmal sub-
arachnoid hemorrhage with minimally invasive
coil embolization and cerebrospinal fluid re-
placement, as well as evaluated the efficacy of
these treatments.

Patients and Methods

General Information
Seventy-nine patients with grade III-IV

aneurysmal subarachnoid hemorrhage, who were
treated in the hospital from Jan. 2012 to Jan.
2014, were included in this study. These patients
were treated with different methods based on
their family’s will and the cause of illness. In the
treatment group, 42 patients received aneurysm
embolization and cerebrospinal fluid replace-
ment, and 37 patients in the control group re-
ceived simple aneurysm embolization. Treatment
group included grade III (22) and grade IV (20)
patients, whereas control group included 20
(grade III) and 17 (grade IV) patients. The strati-
fication of patient’s condition was not statistical-
ly significant (p > 0.05). Treatment group includ-
ed 26 male and 16 female patients, with a age
range of 27-74 years and mean age of 45.2 ± 6.5
years. Control group included 21 male and 16 fe-
male patients, with a age range of 28-73 years
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and mean age of 46.8 ± 7.8 years. General fac-
tors including age in both groups were balanced,
and the difference was not statistically significant
(p > 0.05). Exclusion criteria were: (1) patients
with other nervous system diseases; (2) patients
with severe complications of diseases of other or-
gans; heart, kidney and liver, etc; (3) patients
with complications of circulatory system dis-
eases9,10.

Methods
After admission, patients received imaging ex-

aminations including CT and regular medical
treatments: e g. absolute bed rest, keeping quiet,
keeping bowels open, and the change of con-
sciousness. Pupil and vital signs were closely
monitored, and patients also received medical
treatment, such as oxygen inhalation, anti-hyper-
tension, spasmolysis and dehydration. Subse-
quent to confirmed diagnosis, corresponding pre-
operative preparation was performed. Pre-, peri-
and post-operatively intravenous infusion of Ni-
modipine was performed to prevent potential
cerebral vasospasm in the patient5,11-1.
In control group, the patient was in dorsal po-

sition pre-operatively and received conventional
sterile barrier precautions. Femoral artery punc-
ture was performed under local anesthesia;
catheter sheath was indwelled for angiography to
confirm the aneurysm and the size of the
aneurysm was measured. The aneurysm neck
was exposed after general anesthesia, and a mi-
cro-coil of appropriate size was chosen for
aneurysm. The femoral artery puncture site was
sutured by blood vessel suture instrument after
embolization. The lower limb in the punctured
side was immobilized for 24 h.
In the treatment group, the patient received

aneurysm embolization and then CSF replace-
ment. Dexamethasone (5 mg) was added into
saline (250 ml) to prepare the replacement solu-
tion, and then conventional lumbar puncture was
performed aseptically. Initial pressure was mea-
sured after puncture. When the pressure was

higher than 250 mmHg, a small amount of CSF
could be released slowly, and the needle tip was
then obstructed with a core needle. Cerebrospinal
fluid replacement was performed when the pres-
sure decreased to lower than 250 mmHg. Equiva-
lent-volume replacement or reduced-volume re-
placement was used. Firstly, bloody cere-
brospinal fluid (5 ml) was released slowly, and
then infused with replacement solution to per-
form equivalent-volume (5 ml) or reduced-vol-
ume (4 ml) replacement. The repeated replace-
ment of CSF was performed every 5-10 min and
4-6 replacements until the CSF became yellow.
Equivalent-volume replacement or reduced-vol-
ume replacement of CSF were performed daily
or every other day, or discontinued the replace-
ments once the replaced CSF became clear. Post-
operatively, the consciousness, pupil and 4 vital
signs of patients were observed, and enhanced
the patient care was applied.

Observational Indicators
Occurrence of the post-operative complica-

tions including cerebral vasospasm, hydro-
cephalus and re-hemorrhage was compared.

Statistical Analysis
Statistical software SPSS 19.0 (SPSS Inc.,

Chicago, IL, USA) was used for the data analy-
sis. The t-test was used for measurement data,
the chi-square test was used for enumeration da-
ta, and p < 0.05 indicated significant difference.

Results

When post-operative complications were com-
pared in both groups: the prevalence of cerebral
vasospasm and hydrocephalus after treatment
was significantly lower than the control group (p
< 0.05). However, the difference in the occur-
rence of rehaemorrhagia in the treatment and
control groups was not significant (p > 0.05) as
shown in Table I.

Group n Hydrocephalus Cerebral vasospasm Rehaemorrhagia

Treatment group 42 1 (2.3) 2 (4.6) 1 (2.3)
Control group 37 4 (10.8)* 5 (13.5)* 1 (2.7)#

Table I. Comparison of post-operative complications in control and treatment groups (n/%).

Note: *Indicates p < 0.05. #Indicates p > 0.05.



Discussion

Subarachnoid hemorrhage is one of the most
acute cerebrovascular diseases, with the highest
mortality rate, especially for grade II-IV
aneurysmal subarachnoid hemorrhage, the re-
haemorrhagia, disability and mortality rates are
very high14. Earlier treatment includes preven-
tion of rehaemorrhagia, cerebral vasospasm, hy-
drocephalus, cerebral ischemia, arachnoid adhe-
sions and hernia15. The outcome of SAH pa-
tients is directly associated with earlier elimina-
tion of aneurysm cause and treatment and pre-
vention of complications16. Aneurysm emboliza-
tion is characterized with small trauma in pa-
tient, rapid post-operative recovery and very
few complications, and currently it is a most
commonly used therapy. The safety and efficacy
of this method has been clinically proven17-20.
With the development of technology and im-
provement of sacculus and heart bracket, inter-
ventional therapy has been widely used in the
clinical treatment of intracranial aneurysms21.
Cerebrospinal fluid replacement can drain CSF,
release and dispose of inflammatory CSF. Cere-
brospinal fluid replacement can reduce va-
sospasm and eliminate the induction factors dur-
ing treatment22, to decrease the level of haz-
ardous substances, such as blood cell degradation
products and bloody CSF, reduce the stimulus of
omentum, relieve the symptoms, as well as de-
crease the intracranial pressure, relieve the
blocked circulation due to a high intracranial
pressure and improve the CSF circulation in the
head and spine. It can also reduce the retention
time of blood in the brain, reduce the stimulus of
meninges by released substances after erythro-
catalysis, and reduce the inter-omentum adhesion
effectively, so as to reduce the occurrence of
cerebral vasospasm and hydrocephalus. Infusion
with saline can maintain the stability of intracra-
nial pressure, meanwhile, dilute CSF and reduce
the abnormal stimulus of meninges by cere-
brospinal fluid. While, a simple cerebrospinal
fluid replacement without aneurysm emboliza-
tion may lead to the risk of rehaemorrhagia33.
Aneurysmal subarachnoid hemorrhage is a

common cerebrovascular disease, with a high
disability rate; the 30-day mortality is 46%,
while the disability rate and mortality of severe
subarachnoid hemorrhage is much higher. Earlier
mortality rate among severe subarachnoid hemor-
rhage is also very high. In this study, grade III-IV
patients were included in 2 groups, with serious
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conditions, large hemorrhage volume, as well as
high occurrence of hydrocephalus and cerebral
vasospasm. In the treatment group, the combina-
tion of aneurysm embolization and cerebrospinal
fluid replacement was used which resulted in the
significantly decreased appearence of hydro-
cephalus and cerebral vasospasm compared to
the control group, in which only simple
aneurysm embolization was used. But the differ-
ence in rehaemorrhagia rate was not statistically
significant between the two groups.

Conclusions

The combination of aneurysm embolization
and cerebrospinal fluid replacement was a major
effective therapy for aneurysmal subarachnoid
hemorrhage. The advantage of aneurysm em-
bolization was to eliminate the cause and reduce
re-haemorrhagia. Cerebrospinal fluid replace-
ment could adjust cerebral hemorrhage effective-
ly and decrease the prevalence of complications,
such as hydrocephalus and cerebral vasospasm.
Both methods had the advantages of minimal in-
vasiveness and rapid post-operative recovery.
However, combination of both methods could
clinically decrease the disability and mortality
rate of aneurysmal subarachnoid hemorrhage.
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