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Outcome of External Ventricular Drainage according to the Operating Place: 
the Intensive Care Unit versus Operating Room
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Background: External ventricular drainage (EVD) is an important procedure for draining excessive cerebrospinal fluid (CSF) and moni-
toring intracranial pressure. Generally, EVD is performed in the operating room (OR) under aseptic conditions. However, in emergency 
circumstances, the operation may be performed in the intensive care unit (ICU) to save neuro-critical time and to avoid the unneces-
sary transfer of patients. In this study, we retrospectively analyzed the risk of EVD-induced CNS infections and their outcomes accord-
ing to the operating place (ICU versus OR). In addition, we compared mortalities as well as hospital and ICU days between the CNS 
infection and non-CNS infection groups.
Methods: We reviewed medical records, laboratory data and radiographic images of patients who had received EVD operations be-
tween January, 2013 and March, 2015.
Results: A total of 75 patients (45 men and 30 women, mean age: 58.7 ± 15.6 years) were enrolled in this study. An average of 1.4 
catheters were used for each patient and the mean period of the indwelling catheter was 7.5 ± 5.0 days. Twenty-six patients were 
included in the ICU group, and EVD-induced CNS infection had occurred in 3 (11.5%) patients. For the OR group, forty-nine patients 
were included and EVD-induced CNS infection had occurred in 7 (14.3%) patients. The EVD-induced CNS infection of the ICU group 
did not increase above that of the OR group. The ICU days and mortality rate were higher in the CNS infection group compared to the 
non-CNS infection group. The period of the indwelling EVD catheter and the number of inserted EVD catheters were both higher in 
the CNS infection group. 
Conclusions: If the aseptic protocols and barrier precautions are strictly kept, EVD in the ICU does not have a higher risk of CNS in-
fections compared to the OR. In addition, EVD in the ICU can decrease the hospital and ICU days by saving neuro-critical time and 
avoiding the unnecessary transfer of patients. Therefore, when neurosurgeons decide upon the operating place for EVD, they should 
consider the benefits of ICU operation and be cautious of EVD-induced CNS infection.
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■ Original Article ■

Introduction

External ventricular drainage (EVD), also known as ventriculostomy, is the most common and effective procedure in neuro-
intensive care.[1-4] EVD is performed for various purposes including: reducing and monitoring the intracranial pressure 
(ICP), drainage of excessive cerebrospinal fluid (CSF) and removal of intraventricular hematoma. This procedure is generally 

regarded as safe and minimally harmful, therefore, in emer-
gency circumstances, EVD is performed in the intensive care 
unit (ICU).[5] Although EVD is very useful and essential in 
neurosurgical practice, it still has considerable complications. 
Specifically, catheter-related infections, cerebral hemorrhages, 
improper catheter insertions and brain parenchymal injuries, 
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could occur. Of these complications, catheter-related infections 
can cause ventriculitis, meningitis and brain abscesses, and can 
thereby, result in severe neurological damages.[1,4,6-9] 

The purpose of the current study is to compare the vari-
ous factors associated with EVD-induced central nervous 
system (CNS)  infection, according to the operating place, 
specifically ICU versus operating room (OR), and to evalu-
ate the outcomes of EVD-induced CNS infections.

Materials and Methods

Retrospectively, we reviewed all patients who underwent 
EVD between January, 2013 and March, 2015 at our single 
institution. The patients that were aged 18 years or over, and 
had an EVD catheter for more than 48 hours were included, 
whilst the patients who previously had CNS infections were 
excluded. We reviewed medical records, laboratory data and 
radiographic images of all enrolled patients, and collected 
data on age, sex, diagnosis, operating place, numbers of 
inserted EVD catheters, indwelling period, mortality rate, 
hospital days, and ICU days.

 
1) The definition of infection

 We defined “CNS infection” based on the published stan-
dards from the Center for Disease Control and Prevention 
and many other studies.[1,4,5,9-11] We categorized EVD-
induced CNS infections into “Confirmed CNS infections” 
and “Suspected CNS infections”. 

(1) Confirmed CNS infection: The presence of pathogens 
in the CSF or catheter tip cultures.

(2) Suspected CNS infection: The absence of pathogens in 
the CSF or catheter tip cultures, but presence of fever (body 
temperature ≥ 37.4℃) and meningeal irritation signs with 
gradual increase of white blood cell/red blood cell and Pro-
tein/Glucose ratios in serial CSF tests.

We checked baseline CSF test and culture when the EVD 
was first performed. Except for this initial test, we did not 
check CSF tests and cultures periodically. However, when 
the patients were suspected of having a CNS infection (fe-
ver of unknown origin, or meningeal irritation signs), we 
took the CSF tests and cultures every other day. The CSF 
tests and cultures were collected at the three-way taps of the 
EVD drainage system, using aseptic protocol. After EVD 

catheter removal, the catheter tips were sent to the micro-
biological laboratory, to confirm the CNS infection. 

2) Operations and post-operative care
The operations were performed by senior residents who 

had undergone more than 3 years of training. Aseptic pro-
tocols and surgical techniques were applied equally in both 
places (ICU or OR). Our aseptic protocol for EVD included 
use of hair clip, betadine scrubs and maximal barrier pre-
cautions (use of surgical caps, masks, sterile gowns, gloves 
and drapes). After betadine painting and aseptic draping 
on the operating field, a small burr hole was drilled at the 
Kocker’s point (mid-pupillary line in the sagittal plane and 
1 cm anterior of the coronal suture). A twist-drill was used 
in the ICU, while an electrical-drill was used in the OR. An 
uncoated EVD catheter (neither antibiotic-impregnated nor 
silver-coated EVD catheters) was carefully inserted 5.5–7 
cm through the burr hole, and a closed drainage system was 
connected. Post-operative care was managed at the ICU 
during the period of indwelling EVD catheters. All patients 
received antibiotic prophylaxis with first or third generation 
cephalosporin until the EVD catheters were removed, and 
sterile dressings were applied every other day.

 3) Statistical analysis
 Numerical data were presented in terms of the mean 

range, and tested for statistical significance using the Stu-
dent t-test. Categorical data were indicated as frequencies 
and percentages, and then compared using the Pearson Chi-
square test, or Fisher’s exact test. The difference was con-
sidered statistically significant when the p value was less 
than 0.05. All statistical analyses were conducted using IBM 
SPSS Statistics version 22 (SPSS, Inc., Chicago, IL, USA).

Results

Seventy-five patients were included in this study, and the 
mean age of the patients was 58.7 ± 15.6 years old. The 
initial diagnoses of the patients were 55 (73.3%) vascular 
diseases, 9 (12.0%) head traumas, 6 (8.0%) brain tumors, 
4 (5.3%) cerebral infarctions, and 1 (1.3%) Arnold-Chiari 
malformation. As well as this, 16 (21.3%) hydrocephalus 
cases were concurrently detected, and the initial Glasgow 
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coma scale (GCS) of the patients was 8.9 ± 3.6. Vascular 
diseases included, hypertensive intracerebral hemorrhage, 
subarachnoid hemorrhage, rupture of the arteriovenous mal-
formation, Moyamoya disease and intraventricular hemato-
ma. Head traumas included traumatic subdural hemorrhage, 
traumatic subarachnoid hemorrhage, and intracerebral 
contusion. One point four catheters were used for each of 
the 75 patients, and the mean period of an indwelling EVD 
catheter was 7.5 ± 5.0 days. Of the 75 patients, 10 (13.3%) 
patients were diagnosed with EVD-induced CNS infection 
and 27 (36.0%) patients expired due to the initial diagnosis 
(Table 1).

Among the 75 patients, 26 (34.7%) patients were operated 
on in the ICU and 49 (65.3%) patients were operated on in 
the OR. Between the ICU and OR groups, sex, age, caus-
ative disease, and initial hydrocephalus were not shown sta-

tistical significance. The infection rate of the ICU group was 
slightly lower than that of the OR group, but without statis-
tical significance. Three patients (11.5%) of the ICU group, 
and seven patients (14.3%) of the OR group were diagnosed 
with EVD-induced CNS infection (p = 0.739). And in both 
groups, Acinetobacter baumannii with multi-drug resistance 
(MDR) were grown in CSF cultures (Table 2). 

Because the initial GCS of the ICU group was signifi-
cantly lower than that of the OR group, the patients of the 
ICU group were expired early. As a result, in the ICU group, 
the mortality rate was high, and hospital and ICU days were 
low. For excluding the effects of the early mortality, we per-
formed subgroup analysis with the surviving patients. In the 
subgroup analysis, although the initial neurological states 
(GCS) of the ICU group were significantly worse than those 
of the OR group (ICU group: 9.0 ± 4.0, OR group: 11.1 ± 
2.4, p = 0.049), however, hospital and ICU days of the ICU 
group were all decreased, when compared to those of the 
OR group (Table 2).

Between the CNS infection and non-CNS infection group, 
there was no statistical significance, except the ICU days. 
The ICU days were significantly higher in the CNS infection 
group (infection group: 32.9 ± 22.8, non-infection group: 
20.0 ± 26.2, p = 0.014). In the CNS infection group, EVD 
was performed more frequently and maintained longer pe-
riod without significance. And CNS infection group tended 
to occur in patients who had a hydrocephalus and low GCS 
(Table 3).

Discussion

As an ICP monitoring device and as a direct portal for 
the removal of CSF or hematoma, EVD plays an important 
role in a broad spectrum of CNS diseases. Moreover, the 
surgical technique of EVD is relatively safe and minimally 
harmful, therefore, in emergency circumstances, the opera-
tion can be performed in the ICU. In spite of these advan-
tages, EVD does have considerable complications such as, 
catheter-related infection, cerebral hemorrhage, improper 
insertion, and brain parenchymal injury. Of these complica-
tions, EVD-induced CNS infection especially, has been an 
unresolved problem since its introduction.[1,4,6-9] Despite 
various precautions for preventing CNS infection, up to 

Table 1. Demographic and clinical characteristics of the patients 
(n = 75)

Variables Values

Male:Female 45:30

Age (years) 58.7 ± 15.6

Cause

   Vascular dz. 55 (73.3%)

   Trauma 9 (12.0%)

   Tumor 6 (8.0%)

   Infarction 4 (5.3%)

   Arnold-Chiari malformation 1 (1.3%)

Hydrocephalus 16 (21.3%) 

GCS 8.9 ± 3.6

Total number of inserted EVD catheters 101

Number of inserted EVD catheters per person 1.4 ± 0.6

Period of indwelling EVD catheter (days) 7.5 ± 5.0

Operating place (ICU:OR) 26:49

EVD-induced CNS infection 10 (13.3%)

Mortality 27 (36%)

Hospital days 52.9 ± 60.0

ICU days 21.7 ± 26.0

Survivors

   GCS 10.4 ± 3.1

   Hospital days 67.1 ± 61.4

I   CU days 22.8 ± 29.4

Dz.: diseases, GCS: Glasgow coma scale, EVD: external ventricular drainage, 
ICU: intensive care unit, OR: operating room, CNS: central nervous system.
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27% of patients with EVD suffer from CNS infections and 
the mortality rate of such patients increases 2-fold compared 
with patients without infections.[4,12] Aside from mortality 
rate, EVD-induced CNS infections can lead to other serious 
problems, including seizures, cognitive dysfunction, de-

creased mentality, neurological deficits, prolonged number 
of hospital days, and expensive hospital costs. 

EVD-induced CNS infections mostly occur by coagulase-
negative staphylococcus (50-90%) and Staphylococcus au-
reus (13-27%) which are part of normal skin flora.[10,13,14] 

Table 2. Clinical results of the ICU group and OR group

Variables ICU (n=26) OR (n=49) p-value

Male:Female 15:11 30:19 0.766

Age (years) 57.9 ± 16.6 59.0 ± 15.2 0.770

Cause 0.264

  Vascular dz. 17 (65.4%) 38 (77.6%)

  Trauma   3 (11.5%)   6 (12.2%)

  Tumor   4 (15.4%) 2 (4.1%)

  Infarction 1 (3.8%) 3 (6.1%)

  Arnold-Chiari malformation 1 (3.8%) 0 (0%)

Hydrocephalus 5 (19.2%) 11 (22.4%) 0.495

GCS 7.2 ± 3.9 9.9 ± 3.2 0.002*

EVD-induced CNS infection   3 (11.5%)   7 (14.3%) 0.739

   Confirmed CNS infection   3 (11.5%) 2 (4.1%)

   Suspected CNS infection   0 (0%)   5 (10.2%)

Pathogens Acinetobacter baumannii 2
Candida glabrata

Acinetobacter baumannii
Staphylococcus hominis

Mortality 11 (42.3%) 16 (32.7%) 0.407

Hospital days 36.0 ± 43.2 61.9 ± 65.9 0.007*

ICU days 15.8 ± 15.4 25.0 ± 29.9 0.085

Survivors 15 (57.7%) 33 (67.3%)

   GCS 9.0 ± 4.0 11.1 ± 2.4 0.049*

   Hospital days 54.2 ± 49.7 73.0 ± 66.0 0.339

   ICU days 19.1 ± 19.2 24.5 ± 33.3 0.486

ICU: intensive care unit, OR: operating room, Dz.: diseases, GCS: Glasgow coma scale, EVD: external ventricular drainage, CNS: central nervous system.

Table 3. Clinical differences between CNS infection and non-CNS infection

Variable CNS infection (n=10) Non-CNS infection (n=65) p-value

Male:Female 6:4 39:26 1.0

Age (year) 60.1 ± 15.1 58.4 ± 15.8 0.755

N umber of inserted EVD catheters per person (catheter/person) 1.6 ± 0.8 1.3 ± 0.5 0.290

Period of indwelling EVD catheter (days) 10.8 ± 9.26 7.0 ± 3.9 0.290

Hydrocephalus 3 (30%) 13 (20%) 0.563

GCS 7.0 ± 2.7 9.2 ± 3.7 0.069

Mortality 6 (60%)   21 (32.3%) 0.154

Hospital days 51.8 ± 42.7 53.1 ± 62.5 0.436

ICU days 32.9 ± 22.8 20.0 ± 26.2 0.014*

CNS: central nervous system, EVD: external ventricular drainage, GCS: Glasgow coma scale, ICU: intensive care unit.
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These microorganisms fenestrate into the ventricles through 
various routes, for example, contaminated catheters, sur-
gical site infections, frequent catheter manipulation, pro-
longed catheter indwelling and through the drainage system 
itself. Alongside this, numerous factors also influence EVD-
induced CNS infections indirectly through risk factors such 
as, previous neurosurgical operations, underlying disease 
and systemic infections.[15-17]

In this study, we have analyzed various factors of both the 
ICU and OR groups (Table 2). The basic characteristics such 
as, sex, age, causative disease, and hydrocephalus were not 
different between the two groups. However, the initial GCS 
of the ICU group was significantly lower than that of the OR 
group (ICU group: 7.2 ± 3.9, OR group: 9.9 ± 3.2, p = 0.002). 
When the neurological state of the patient was considered 
poor, we preferred to operate in the ICU to save neuro-crit-
ical time, because the preparation time in the OR is usually 
longer than that in the ICU. As a result, the patients who 
had been admitted with poor neurological states tended to 
be included in the ICU group. This difference influenced the 
mortality rate, as well as the hospital and ICU days, because 
the patients with lower initial GCS were expired earlier. Ac-
tually, in the ICU group, the mortality rate was higher, and 
the hospital and ICU days were relatively lower when com-
pared to the OR group. To minimize this selection bias of 
operating place, we reanalyzed the data of only the surviv-
ing patients (48 patients). In subgroup analysis, although the 
neurological state of the ICU group was poorer (ICU group: 
9.0 ± 4.0, OR group: 11.1 ± 2.4, p = 0.049), but the hospital 
and ICU days were indeed lower in the surviving patients 
of the ICU group. This allows us to presume that early 
operation in the ICU could lead better outcomes for surviv-
ing patients. In neurosurgical practice, various factors can 
influence the outcomes of patients. Among them, the time 
delay prior to the operation is directly connected with the 
poor prognosis and maintenance of stable vital sign in acute 
phase is also crucial point. In usual hospital system, EVD 
in the OR needs more time than that in the ICU, because 
many considerations such as, medical staffs (anesthesiolo-
gist, assisting nurse), patient’s condition, hospital process 
and operating room, are involved in that operation. While 
EVD in the ICU reduces those considerations, thereby, the 
time delay prior to the operation can be shortened. Further-
more, EVD in the ICU does not need patients to transfer to 

the OR. During the transfer, the patients cannot be managed 
properly, and changing bed (to transfer bed or operating 
table) can also affect adversely in acute phase. In the course 
of transfer and changing bed, unexpected situation such as, 
abrupt hypertension/hypotension, desaturation, airway prob-
lem, and fluid disconnection can be possible to the patients, 
and proper managements may not be applied immediately. 
Considering these adverse effects, we suppose that EVD 
in the ICU enables the patients to undergo an early opera-
tion and avoid unnecessary patient transfer, and that lead to 
shortening of hospital and ICU days (Table 2).

When we consider the operation in the ICU, the possibil-
ity of EVD-induced CNS infection is a major concern. It is 
a generally-accepted concept that the ICU operation has a 
higher potential risk of CNS infection, than the OR opera-
tion.  However, in our study, the infection rate of the ICU 
group was not higher than that of the OR group (ICU group: 
11.5%, OR group: 14.3%, p = 0.739). When we operate in 
the ICU, aseptic protocols were strictly adhered to, and the 
same equipment was used as in the OR, except drill type. 
Thereby, the infection rate slightly decreased in the ICU 
group. In previous study, Foreman et al. also reported that the 
infection rate of the ICU group was not different than that 
of the OR group.[5] We expect that if the operators notice 
a CNS infection, take appropriate precautions and keep to 
aseptic protocols, then the infection rates of ICU operations 
would not differ from those of the OR operations (Table 2).

Alongside this, we compared the clinical differences 
between infection and non-infection groups (Table 3). Al-
though many other factors such as, initial diagnosis, age and 
underlying diseases could influence the mortality rate, as 
well as hospital and ICU days, in our study, EVD-induced 
CNS infection increased the ICU days and mortality rate. 
In particular, the ICU days of infection group were signifi-
cantly higher than that of the non-infection group (infection 
group: 32.9 ± 22.8, non-infection group: 20.0 ± 26.2, p = 
0.014). In previous studies,[5-7,10,11] it was reported that 
the EVD-induced CNS infection increased mortality rate 
2-fold and lead to poor neurological outcomes. CNS infec-
tion impedes neurological recovery, and thereby, the num-
bers of hospital and ICU days were prolonged. 

The frequency of EVD and indwelling periods were 
slightly higher in the CNS infection group, but there were 
no statistical significance. As other catheter-related infec-
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tions are influenced by the frequency of procedure and 
indwelling period, we presume that in these cases frequent 
operations and longer indwelling periods had led to EVD-
induced CNS infections (Table 3).

One of the serious concerns in this study was the preva-
lence of MDR microorganisms as a pathogen of CNS in-
fection. CSF cultures or catheter tip cultures were positive 
in only 5 (6.7%) patients. However, of these five patients, 
Acinetobacter baumannii which does not respond to con-
ventional antibiotics had been grown in 3 patients. MDR 
microorganisms are more prevalent and widespread in cur-
rent hospitals, including in the ICU and OR.[3] We suspect 
that these flourishes of MDR microorganisms influence the 
pathogens of EVD-induced CNS infections. Moreover, the 
antibiotics which could fenestrate the blood-brain barrier are 
very limited, and the CSF concentration of antibiotics after 
intravenous administration is very low. Accordingly, stron-
ger antibiotics have to be administered for eradicating MDR 
microorganisms, and the patients endure the serious side ef-
fects of these antibiotics. Consequently, patients infected by 
MDR microorganisms exhibit more severe prognosis.[12] 

 There are some limitations to our study. Firstly, our study 
population was small, and the standard deviations of the 
hospital and ICU days were wide. As a result, statistical 
significance was not demonstrated. For overcoming this 
limitation, large population studies or meta-analysis will be 
needed. Secondly, when the neurological state of the patient 
was poor, we preferred to operate in the ICU. This selection 
bias could affect the mortality rate, as well as hospital and 
ICU day recorded.

From this study, we conclude that if aseptic protocols 
and precautions are kept strictly, ICU operations will not 
increase the risk of CNS infection and we expect that ICU 
operations could decrease the hospital and ICU days of sur-
viving patients by saving neuro-critical time and avoiding 
unnecessary transfer of patients. As well as, neurosurgeons 
should keep in mind the serious outcomes of EVD-induced 
CNS infection and be cautious about the prevalence of 
MDR microorganisms as a pathogen of CNS infection.
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