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ABSTRACT 

AIm: External ventricular drainage (EVD) and lumbar drainage (LD) are the most widely used procedures for continued bloody cerebrospinal 
fluid drainage. Each has his own advantages and disadvantages. Here, we compared complications and clinical outcomes in patients with 
World Federation of Neurosurgical Societies (WFNS) grade III aneurysmal subarachnoid hemorrhage (aSAH) who underwent coil placement 
followed by EVD or LD. 

MaterIal and Methods: In this prospective, controlled study, all patients with aSAH classified as WFNS grade III who underwent coil 
placement at our institution were divided randomly into 2 groups: the EVD group and the LD group. The ratios of intracerebral hemorrhage, 
vasospasm, infection, duration of catheter placement, hydrocephalus, and Glasgow outcome scale (GOS) after 2 months of onset were 
analyzed between the 2 groups.     

Results: A total of 148 patients (mean age 56.8 years) were enrolled in this study. Seventy-six patients were assigned to the EVD group, and 
72 patients were assigned to the LD group. The average time interval from stroke onset to surgery was 35.1 h. Compared with the EVD group, 
the LD group had a lower incidence of intracerebral hemorrhage, slightly higher rates of infection and hydrocephalus, and similar vasospasm 
and chronic hydrocephalus rates, durations of catheter placement, and GOS scores at 2 months after onset.  

ConclusIon: In order to improve the clinical outcomes of patients with aSAH, we suggest that LD is better than EVD for patients with WFNS 
grade III aSAH who underwent coil placement.      
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ÖZ 

AMAÇ: Eksternal ventriküler drenaj (EVD) ve lomber drenaj (LD), kanlı serebrospinal sıvının drenajı için en sık kullanılan işlemlerdir. Her birinin 
kendi avantaj ve dezavantajları vardır. Burada Dünya Nöroşirürji Dernekleri Federasyonu (WFNS) derece III anevrizmal subaraknoid kanaması 
(aSAK) olan ve sarmal (koil) yerleştirme sonrasında EVD veya LD yapılan hastalarda komplikasyonlar ve klinik sonuçları karşılaştırdık.

YÖNTEM ve GEREÇLER: Bu prospektif, kontrollü çalışmada WFNS derece III olarak sınıflandırılan ve hastanemizde sarmal yerleştirilen tüm 
hastalar rastgele olarak 2 gruba bölündü: EVD grubu ve LD grubu. Bu iki grup intraserebral kanama, vazospazm, enfeksiyon, kateter yerleştirme 
süresi, hidrosefali ve başlangıçtan 2 ay sonra Glasgow sonuç ölçeği (GOS) değerleri açısından karşılaştırıldı.      

BULGULAR: Çalışmaya toplam 148 hasta (ortalama yaş 56,8 yıl) kaydedildi. EVD grubunda 76 hasta ve LD grubunda 72 hasta vardı. İnmenin 
başlamasından cerrahiye kadar ortalama süre 35,1 saatti. EVD grubuna göre LD grubunda intraserebral kanama insidansı daha düşüktü, 
enfeksiyon ve hidrosefali oranı biraz daha yüksekti ve vazospazm ve kronik hidrosefali oranları, kateter yerleştirme süresi ve başlangıçtan 2 ay 
sonra GOS puanı benzerdi.

SONUÇ: aSAK hastalarında klinik sonuçların düzelmesi açısından, koil yerleştirilmiş WFNS derece III aSAK hastalarında LD’nin EVD’den daha iyi 
olduğunu düşünüyoruz.      
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Introduction

Although aneurysmal subarachnoid hemorrhage (aSAH) is 
a devastating disease with high morbidity and mortality, 
medical and surgical advances have improved clinical 
outcomes in patients with aSAH. The exact pathological 
mechanism of SAH is not well understood, but there is no 
doubt that the presence of blood in the subarachnoid space 
plays a very important role in the clinical outcome of SAH(22). 
The continued bloody cerebrospinal fluid drainage (CCFD) 
soon after aSAH could decrease the incidence of clinically 
significant vasospasm and hydrocephalus associated with 
aSAH, as compared with alternative medical treatments. 
CCFD can control intracranial pressure and promote the 
circulation of clear, newly formed cerebrospinal fluid (CSF) 
and removal of bloody CSF or clots that are thought to 
contain spasmogens, which induce the delayed development 
of ischemic symptoms or cerebral infarctions as a result of 
vasospasm subsequent to aSAH.

Among the CCFD procedures, external ventricular drainage 
(EVD) and lumbar drainage (LD) are currently the most widely 
used techniques. One of the earliest uses of EVD was reported 
by Kusske in 1973, who used EVD to treated aSAH-related 
hydrocephalus (16). Because of its precision and reliability 
for monitoring and reducing intracranial pressure (ICP), EVD 
has become a standard approach in treating SAH-associated 
hydrocephalus, and immediate EVD placement for ICP 
monitoring and control is considered the first step to treating 
patients with aSAH(21). However, LD is another simple and 
effective way to promote the clearance of blood from the 
subarachnoid space. 

Both EVD and LD are also associated with several procedure-
associated complications. The main complications associated 
with EVD include infection (40%) (24), misplacement of 
the intracranial catheter (12.3%) (23), and intracerebral 
hemorrhage (5.7%) (7). The most significant complication 
of LD is potential downward herniation of the brain; other 
complications include cerebral subdural hematoma, 
lumbar epidural hematoma, infection, etc. Some of these 
complications can be fatal; therefore, analysis of the safety 
of these methods is essential. However, to the best of our 
knowledge, an accurate comparison of the removal of bloody 
CSF in aSAH following treatment with EVD or LD has not 
been carried out. Therefore, the purpose of this study was to 
compare the complications and clinical outcomes of EVD and 
LD in patients with aSAH. 

PATIENTS and METHODS

This prospective, controlled study was approved by our 
institutional ethics committee. Patients who suffered from 
spontaneous SAH were admitted to the Affiliated 2nd Hospital 
of Zhejiang Chinese Medical University and the Affiliated 
2nd Hospital of Zhejiang University School of Medicine from 
June 2003 to June 2013 within 9 h after onset. Computed 
tomography (CT) scans were performed emergently without 
contrast enhancement if patients were systemically stabilized 

when arrived. All patients with SAH according to CT scans 
underwent cerebral angiography and coil placement for the 
ruptured aneurysm less than 24 h after onset. All patients 
received lumbar puncture if the patients were Grade III 
according to the World Federation of Neurological Societies 
(WFNS) SAH grading scale (28). We generated a sequence for 
enrolling a patient and allocating treatment using computer-
generated randomized numbers for patients whose pressure 
upon lumbar puncture was 250 mmH2O or less (at less than 36 
h after onset). Enrolled patients requiring CCFD for treatment 
of bloody CSF were randomized to the EVD or LD group 
for catheter insertion (less than 48 h after onset). Drainage 
systems are usually kept at approximately the patient’s 
head level, and the volume is individualized for each patient 
depending on his neurological status. The daily volume of CSF 
was controlled, ranging from 150 to 200 ml in the first 3 days 
after catheter insertion and then from 100 to 150 ml in the 
following days. 

Inclusion Criteria

Criteria for inclusion in this study were (1) spontaneous 
primary aneurysmal SAH according to CT scan and cerebral 
angiography; (2) WFNS grading scale is III; (3) age 18-69 y; (4) 
admittance within 9 h and received catheter insertion less 
than 48h after onset; (5) informed consent from patients and/
or their legal representative; (6) functional catheter when 
good CSF drainage was obtained over the duration of the 
study. 

Exclusion Criteria 

The exclusion criteria used to maintain a well-arranged 
database in this study were (1) contraindicated for catheter 
insertion; (2) presence of vasospasm, hydrocephalus, or 
infection before the catheter insertion; (3) intracerebral 
hemorrhage or cast ventricles; and (4) the aneurysm was not 
found using cerebral angiography.

Placement of EVD 

The placement of the EVD was performed under sterile 
conditions in the operating center. We chose ipsilateral 
ventricle insertion according to the hemorrhaging side (but 
preferably on the right side) using a ventricular catheter 
(Codman external drainage system II). The burr-hole was 
made under local anesthesia,1cm anterior to the coronal 
suture and 2.5 cm lateral to the midline. The EVD were placed 
in the anterior horn of the lateral ventricle and tunneled under 
the scalp. The distal end of the catheter was inserted about 
5–6cm until CSF was well obtained. The catheter was then 
passed subcutaneously, sutured to the skin, and connected 
to an external drainage system. The intraventricular location 
of the catheter tip was confirmed by CT scan after insertion. 

Placement of LD

The lumbar catheter was placed at bedside using the following 
steps. The patient was placed in the right lateral position. 
The skin of the lumbar area was shaved and prepared. An 
adult spinal needle was inserted into the subarachnoid 
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space, usually at the L4–L5 or L3–L4 intervertebral level, 
and 1% lidocaine solution was injected from the skin to the 
interspinous ligament level for local infiltrative anesthesia. 
After insertion of the needle, a catheter was advanced 
through the needle into the subarachnoid space, and the 
needle was removed. The catheter was then fixed to the skin 
and connected to an external drainage system. 

Outcome Assessment

Intracerebral Hemorrhage

All patients received daily CT scans after catheter insertion. 
Consciousness, pupil dilation, blood pressure, and intracere-
bral hemorrhage were closely monitored and recorded. Pa-
tients with intracerebral hemorrhage needing surgical evacu-
ation underwent operation as soon as possible. 

Vasospasm 

Daily transcranial Doppler (TCD) ultrasonography examina-
tions were given to all patients in order to record the blood 
flow velocity. Mean arterial velocities greater than 120 cm/s 
in the middle cerebral arteries were considered indicative of 
vasospasm (27). All patients underwent cerebral angiography 
again if vasospasm was suspected. Vasospasm was defined 
as: (1) the presence of neurological worsening without other 
identifiable cause, including focal deficit, decline in level of 
consciousness, or motor paresis; (2) a new low-density area 
on CT scans associated with cerebral vasospasm; and (3) con-
firmation of vasospasm on cerebral angiography.

CSF Infection 

Prophylactic systemic antibiotics were given at the time 
of catheter insertion. A total of 10 mL CSF from the 
external drainage system was collected and analyzed by 
the laboratory every day, and CSF cultures were obtained 
for measurement of CSF white blood cells. CSF infection 
was defined as leukocytosis in CSF on the day that the CSF 
sample was obtained. Antibiotics were modified according 
to microbiological sensitivities if microbiological pathogens 
were identified in the CSF. 

Duration of Catheter Insertion 

Intracerebral hemorrhage according to the daily CT scan and 
CSF quality according to laboratory tests were evaluated; 
criteria for removal of catheters were as follows: (1) CSF 
cultures and CSF white blood cells were normal; (2) no blood 
clots in ventricles and no hydrocephalus according to CT 
scans; (3) tolerance of clipping catheter for more than 24 
h and no symptoms of higher ICP; (4) the CSF culture was 
negative for CSF infection more than 3 consecutive times. 

Hydrocephalus 

Hydrocephalus was defined as an excess of cerebrospinal fluid 
in the ventricular system. The diagnosis of hydrocephalus 
was based on clinical presentation and neuroimaging 
examinations. We divided hydrocephalus into 3 stages: acute 
(0 to 3 days after onset), subacute (4 to 13 days after onset), 

and chronic (≥14 days after onset) (31). Hydrocephalus could 
present with headache, nausea, vomiting, coma, and/or a 
gradual slowing of intellectual and motor activity, gait ataxia, 
cognitive disturbance, and urinary incontinence (29). The 
diagnosis of hydrocephalus by neuroimaging examinations 
was made according to CT scans, and the width of the third 
ventricle and the value of the cella media index (CMI = B/A, 
where A is the largest width of the outer layer of the skull and 
B is the width of the lateral ventricles at the same layer) were 
calculated. CMI values above 0.25 and third ventricle widths 
greater than 7 mm were considered pathological (12).

The Glasgow Outcome Scale(GOS) Score 

All patients were treated according to a standardized rehabili-
tation scheme comprised of physical therapy, occupational 
therapy, and speech therapy. The GOS score (13), ranging 
from 1 to 5, was then used to assess clinical outcomes at 60 
days after onset. 

Statistical Analysis

All statistical analyses were performed using SPSS version 
17.0 (SPSS Inc, Chicago, IL). A Student t test was used to 
compare differences for continuous data which are expressed 
as mean±standard deviation (SD). Other clinical categorical 
variables of the LD and EVD groups were evaluated using 
a X2-test and Fisher’s exact test. A two-tailed p <0.05 was 
considered significant.

RESULTS

General Characteristics of Patients

As shown in Table I, a total of 148 patients were enrolled in 
this study, including 73 men and 75 women (average age, 
56.8 years). The average time interval from stroke onset to 
coiling was 14.0 h (p = 0.948). The average time interval from 
stroke onset to surgery was 35.1 h (p = 0.867). There were no 
differences in patient age, gender, aneurysm location, time 
interval from onset to operation, and pressure of lumbar 
puncture between the EVD (n = 76) and LD (n = 72) groups 
(Figure 1).

 Intracerebral Hemorrhage and Vasospasm 

All patients received daily CT scans after catheter insertion. 
Seven patients in the EVD group suffered an intracerebral 
hemorrhage, discovered on the second day for 6 patients 
and the third day for 1 patient. Four patients did not require 
operation because of small hemorrhages, while 3 patients 
required surgical evacuation. However, one of these patients 
died due to rapid deterioration. In the LD group, no patient 
developed intracerebral hemorrhage; compared to the 
incidence in the EVD group, this reduced occurrence of 
intracerebral hemorrhage was statistically significant (7 
versus 0, respectively; p = 0.014) (Table II). 

All patients received daily TCD examinations and monitoring 
of blood flow velocity. All patients underwent cerebral 
angiography if vasospasm was suspected based on clinical 
evidence. The rate of vasospasm in the EVD group was 18.42% 
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CSF Infection and the Duration of Catheter Placement

All patients received prophylactic systemic antibiotics at 
the time of catheter placement. According to laboratory 
tests of the CSF, CSF white blood cell counts were slightly 
lower in patients with EVD than in patients with LD (29 
versus 32, respectively, and positive CSF culture: 11 versus 
13, respectively; p = 0.437). However, this difference was not 
statistically significant.

(14 of 76), while that in the LD group was 18.05% (13 of 72) 
according to cerebral angiography. Six patients in the EVD 
group had low-density areas because of delayed vasospasm 
on CT scans, while 7 patients in the LD group showed no 
significant difference in low-density areas (p = 0.954). Patients 
with vasospasm were treated with triple H (hypertensive, 
hypervolemic, and hemodilution) therapy and administration 
of nimodipine (Table II). 

Table I:  General Characteristics of the Two Groups of Patients

n of
EVD  (n=76)

 patients
                  LD  (n=72) p

Age, y (mean ± SD) 56.8 ±8.9 56.8 ±8.5 0.620
Gender

Female 38 37 0.866
Male 38 35

Aneurysm location
Anterior circulation 39 35 0.742
Posterior circulation 37 37

Time from onset to coiling, h 
mean ± SD 13.9±6.4 14.0±6.2 0.948

Time from onset to surgery, h
mean ± SD 35.1±7.1 35.1±7.2 0.867

Time to catheter removal, d
mean ± SD 10.7±1.88 11.3±2.11 0.086

d: days, EVD: external ventricular drainage, h: hours, LD: lumbar drainage,  SD: standard deviation, y: years.

Table II: Outcomes of the Two Groups of Patients

n of
EVD  (n=76)

patients
LD  (n=72) p

Intracerebral hemorrhage
No  69 72 0.014
Yes  7 0

Vasospasm
No  62 59 0.954
Yes  14 13

Leukocytosis
No  47 40 0.437
 Yes  29 32

Hydrocephalus 12 (73) 18 (72) 0.203

Acute/Subacute           
Chronic

1/1
10

3/6
9

0.031
0.831

Received VPS 11 15 0.304
60-day GOS score
mean ± SD 4.0 ± 0.79 4.2 ± 0.83 0.291
≤2 (n [%]) 4 3 1.000

EVD: external ventricular drainage, LD: lumbar drainage,  SD: standard deviation.
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choroidal arteries may worsen prognosis. Additionally,  the 
variability of blood pressure observed in SAH suggests 
that vasospasms-induced petrosal ganglion ischemia may 
promote the development of hypertension (19).

Many studies have provided evidence that oxidative stress 
plays a significant role in aSAH.. According to a study conducted 
by Kao et al (14), estrogen receptor alpha (ERα) is involved 
in 17b-estradiol (E2)-mediated prevention of SAH-induced 
apoptosis. E2 treatment may reverse apoptosis by increasing 
phosphorylated Akt and ERα protein expression in the 
dentate gyrus via an ERα-dependent pathway. Additionally, 

As detailed in the above criteria for catheter removal, patients 
were required to tolerate catheter clipping for at least 24 h 
and have negative CSF cultures before catheters removed. 
We observed no significant differences in the duration of 
catheter insertion between EVD and LD groups (10.7 ± 1.88 
versus 11.3± 2.11 days, respectively; p = 0.086). In addition, 
2 patients underwent operation, 1 in the EVD group died 
because of intracerebral hemorrhage, and 3 in the LD group 
received EVD because of acute hydrocephalus (these patients 
were excluded) (Figure 2). 

Hydrocephalus and GOS Score

The diagnosis of hydrocephalus was based on clinical 
presentation and neuroimaging examinations. As shown 
in Table II, the number of patients with acute and subacute 
hydrocephalus in the EVD group was significantly lower than 
in the LD group (2 versus 9, respectively; p = 0.031). However, 
there no significant difference was observed in the number of 
patients with chronic hydrocephalus between the EVD and LD 
groups (10 versus 9, respectively; p = 0.831). All patients who 
suffered subacute and chronic hydrocephalus after catheters 
removed received ventriculoperitoneal shunt (VPS)(11 in EVD 
versus 15 in LD, respectively; p = 0.304).

GOS scores were assessed in all patients at 60 days after 
stroke. There were no significant differences in GOS scores 
between the EVD and LD groups (4.0 ± 0.79 versus 4.2 ± 0.83, 
respectively; p = 0.291) (Table II).

DISCUSSION

SAH accounts for only 5% of strokes, while aneurysm is 
the cause in 85% percent of cases(32). Despite advances 
in observation and treatment of SAH, 5%–11% of patients 
continue to suffer chronic disability as a result of SAH (25). 

Early Brain Injury (EBI) Associated with aSAH 

The physiological and cellular events of EBI make significant 
contributions to patient outcomes. EBI is the result of 
physiological abnormalities, such as increased intracranial 
pressure, decreased cerebral blood flow, and global cerebral 
ischemia, which result in blood brain barrier dysfunction, 
inflammation, and oxidative cascades leading to neuronal 
cell death. EBI rather than vasospasm might be responsible 
for morbidity and mortality within 24–72 h after SAH (26). 
Researchers should continue to investigate the importance 
of EBI and its relevance to patient survival and long-term 
functional outcomes (3).

Vasospasm Associated with aSAH

While many experimental and clinical studies have 
been conducted in the field of aSAH research, the exact 
pathogenesis of cerebral vasospasm associated with aSAH 
remains unclear. However, vasospasm is still a leading cause of 
morbidity and mortality in patients with aSAH and may occur 
3–14 days following onset of aSAH. The damage induced by 
cerebral vasospasm is very extensive. In a rabbit model of 
experimental SAH, Adem et al. (2) found that vasospasm of 

Figure 1: There were no differences in patient age between two 
groups (p=0.62).

Figure 2: There were no significant differences on the duration of 
catheter insertion between 73 patients in EVD group and 69 in LD 
group (10.7±1.88d versus 11.3±2.11d, p =0.086).
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LD in aSAH

Compared with EVD group, the LD group had lower 
intracerebral hemorrhage, but similar rates of vasospasm 
and chronic hydrocephalus, durations of catheter placement, 
and GOS scores at 2 months after onset. There are other 
advantages of LD. According to Tuettenberg et al (30), the ICP 
was likely to have been lowered by the volume of CSF drained 
through the lumbar cistern. They drained 5–20 mL of CSF 
through an LD and reduced the ICP by half in patients with 
aSAH. Additional benefits observed included improvements 
in regional cerebral blood flow and brain tissue oxygen. 
Removal of the subarachnoid clot through an LD allows 
removal of spasmogens in the CSF from the spinal cistern 
within the first few days. Indeed, the percentage of patients 
rated as having a favorable outcome was significantly higher 
in the LD group than in the EVD group (36). 

Although it is standard practice to give antibiotics prophy-
lactically, and many devices have been developed and tested 
for this purpose over the past few years, catheter-associated 
infection poses a great challenge to clinical outcomes (17). 
Compared to EVD, LD was found to be associated with a 
slightly higher risk of infection (29 versus 32, respectively;             
p = 0.437), but no significant difference was observed. This 
may have been due to the higher risk of contamination as-
sociated with the internal position of the LD compared to the 
external position of the EVD. 

Complications with LDs are well recognized, but not common. 
The most significant complication is potential downward 
herniation of the brain. Wang et al. (34) insisted that cerebral 
herniation induced by continuous LD is mostly reversible if 
identified early and treated right away. Patients with impaired 
consciousness or large skull defects may be at high risk of 
developing cerebral herniation after LD and thus require 
more attention. Other complications include lumbar epidural 
hematoma with paraplegia, lumbar epidural abscess, cerebral 
subdural hematoma, meningitis, and retained fragments of 
catheters related to catheter breakage, etc.

In our study, all patients with ruptured aneurysms underwent 
coil placement before catheter insertion, and all 7 patients 
of intracerebral hemorrhage after catheters placement 
caused by puncture but no re-rupture of aneurysm. One 
patient died because of intracerebral hemorrhage. The risk of 
intracerebral hemorrhage in the EVD group was higher than 
that in the LD group in our study (7 versus 0, respectively; p 
= 0.014). Compared with EVD, LD may allow for gradual ICP 
lowering and insignificant shifts in ICP dynamics, conferring 
the most benefit to patients. Despite this existing controversy, 
it is clear that early surgical or endovascular intervention 
could minimize the risk of rebleeding associated with EVD 
placement and allow for more aggressive management of 
ICP, which could subsequently minimize the chance of an 
ischemic complication (32). 

Patients with higher-grade SAH (i.e., WFNS grade IV–V) are 
more likely to have higher blood loads and ICPs and are more 

alpha lipoic acid (ALA), a strong dithiol antioxidant, may act 
to prevent cerebral vasospasm after SAH due to its strong 
antioxidant, antivasospastic, and anti-apoptotic properties 
(10).

Hydrocephalus Associated with aSAH

Hydrocephalus, another very common complication in 
aSAH, was first described by Bagley in 1928 and is defined as 
an excess of CSF in the ventricular system (4). About 7% to 
37% of patients develop hydrocephalus after aSAH, and the 
development of acute hydrocephalus after SAH adversely 
affects long-term clinical outcome (8). The extent of ventricular 
dilatation after SAH is a strong risk factor for development of 
poor functional outcomes in the year following the event (9). 
The chronic normal-pressure hydrocephalus (cNPH) (≥14d 
after onset), which was first described by Adams Hakim in 
1965 (1) and the most frequent in adults (15), remains a 
difficulty in diagnose and therapy. Early diagnosis and VPS 
placement may improve functional outcomes or prevent 
further functional deterioration (6).

Although many studies have been conducted and clinical 
outcomes are much improved, the removal of bloody CSF 
in the subarachnoid space and cisterns is clearly a key 
aspect to consider during the treatment of vasospasm and 
hydrocephalus associated with aSAH. Still, EVD and LD are 
the most widely used methods for continued bloody CSF 
drainage. 

EVD in aSAH 

There are still many controversies surrounding the indications 
for EVD placement. Some authors monitor and treat only those 
who demonstrate clinical or radiologic deterioration, while 
others recommend routine EVD placement in all patients 
(5). Ventriculomegaly in the setting of GCS ≤ 12, Hunt-Hess 
grade ≥ 2, or inability to follow commands has been used as 
an indicator for strong consideration of EVD placement(18). 
However, no conclusive data has determined the impact 
of EVD placement location on the complication rates and 
outcomes in patients with aSAH (20). While some place EVDs 
only in the operating room, others routinely perform the 
procedure at the bedside (11). In our study, we recommended 
routine EVD placement in all patients, and placed EVDs only 
in the operating room. We believe that the operating room 
provides a more controlled and sterile environment, thereby 
decreasing the risk of infection. 

In our study, we chose ipsilateral ventricle insertion on the 
primary side of hemorrhage (mostly the right side). However, 
few studies have investigated the optimal side of the lateral 
ventricles for EVD placement in patients with aSAH. Wang et 
al (33) provided a careful comparison between ipsilateral and 
contralateral EVD in patients with intraventricular hemorrhage 
and showed that the initial ICP and ICP values in the first 3 days 
were significantly higher in the ipsilateral group than those 
in contralateral group; however, no significant differences in 
mortality rates or functional outcomes were observed at 30 
days after stroke between the 2 groups.
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metabolism in adult chronic hydrocephalus. J Neurochem 
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my for the treatment of acute hydrocephalus following sub-
arachnoid hemorrhage. J Neurosurg 38:591-595, 1973
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likely to have intracerebral and extensive intraventricular 
hemorrhage, which raises safety issues (36). Although results 
cannot be extrapolated outside of the study cohort, there 
is no reason to suggest that poor-grade patients with aSAH 
would not benefit from LD. Further studies are needed to 
investigate this hypothesis (35). 

Our study had several limitations due to the study design. First, 
a few neurosurgeons may choose EVD and LD for drainage of 
bloody CSF. Second, no pediatric patients were included in the 
study. Third, other risk factors related to patients’ outcomes, 
such as the precise volume CSF of drained, were not analyzed, 
and patients with poor grade SAH were not enrolled in this 
study. Fourth, the study included only a small number of 
patients, which may have weakened the statistical power of 
the study. Therefore, further studies with larger sample sizes 
are necessary to confirm these findings. 

CONCLUSION

We developed a simple, accurate, comprehensive comparison 
of clinical outcomes in patients who had EVD or LD following 
coil placement for WFNS grade III aSAH. Our study showed 
that compared to patients having EVD, patients having 
LD exhibited reduced intracerebral hemorrhage, slightly 
higher infection and hydrocephalus in the acute/subacute 
period, and similar vasospasm, chronic hydrocephalus rates, 
durations of catheter placement, and GOS scores at 2 months 
after onset. In order to improve the clinical outcomes of 
patients with aSAH, we suggest that LD may be better than 
EVD for patients with WFNS grade III aSAH.
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