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Background: Ventriculostomy-Related Infections (VRIs) are reported in 3%–29% of patients with 
Subarachnoid Hemorrhage (SAH), and is strongly associated with the placement of Cerebrospinal 
Fluid (CSF) catheters. Considering the risk of placement of a metal clip in an infected environment, 
the timing of clipping in these patients is a challenging issue.

Objectives: To treat the patients with a ruptured aneurysm that simultaneously had infection 
induced by External Ventricular Drainage (EVD).

Materials & Methods: This study was carried out from January 2016 to December 2018 in an 
academic hospital in the north of Iran. A total of 42 consecutive patients with spontaneous SAH 
treated with EVD were enrolled in this study. The results of laboratory tests of CSF (proven or 
suspected ventriculitis) and timing from ictus to aneurysm surgical clipping, length of VRIs, and 
patients’ outcomes were reviewed. Analysis of the obtained data was performed by ANOVA, Fisher 
exact test and the Chi-square test in SPSS 20. P values less than 0.05 were considered significant.

Results: Among non-infected patients, the best time of clipping is less than 3 days that resulted 
in the least complications (P=0.047). Among the infected patients, the rate of death in patients 
undergone surgery 4-14 days later was more than the patients  undergone surgery after 2 weeks and 
the rate of severe complications was even more after 2 weeks.

Conclusion: If there is simultaneous brain aneurysm and infection induced by EVD, aneurysm 
clipping is better to be done in less than 3 day that reduces the vasospasm too, otherwise the clipping 
is better to be done after treatment of the infection i.e. 2-3 weeks later.
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Introduction

major cause of morbidity and mortality 
is aneurysmal Subarachnoid Hemorrhage 
(aSAH) that hospitalize over 24800 peo-
ple every year [1].

Although aSAH is responsible for only 
5% of strokes, it accounts for 25% of stroke-related 
deaths all over the world [2]. A well-known complica-
tion of subarachnoid hemorrhage (SAH) is acute hy-
drocephalus that leads to more neurological deficits and 
mortality than SAH alone [3]. The incidence of acute hy-
drocephalus after SAH is 20% which may require emer-
gency external ventricular drainage (EVD) placement 
as a lifesaving measure to relieve acute hydrocephalus 
and decrease intracranial pressure (ICP) [4, 5]. To watch 
over possible ICP and treat secondary hydrocephalus, 
the treatment choice is usually inserting ventriculos-
tomy catheters. However, this procedure may increase 
the risk of infection, because microorganisms can infect 
the catheter and spread via cerebrospinal fluid (CSF) to 
meninges and brain causing meningitis or ventriculitis. 
Thus, these infections are called ventriculostomy-related 
infections (VRIs) [6].

Bacterial ventriculitis has been reported in 3%–29% 
of SAH patients [7] and are strongly correlated to the 
placement of CSF catheters [8]. Risk factors for infec-
tion comprise non-sterile insertion techniques, number 
of catheterizations, and catheter placement duration [9, 
10]. The treatment usually consists of antibiotics ad-
ministration via intravenous, intrathecal, or combined 
dual-route [11].

Three days following aSAH is widely regarded as the 
acceptable treatment window according to early results 
from the International Cooperative Study on the Timing 
of Aneurysm Surgery. Early treatment is associated with 
decreased chances of re-rupture and overall mortality 
while allowing for more aggressive management of po-
tential complications such as cerebral vasospasm [12]. 
The simultaneous management of brain aneurysm and 
infection induced by EVD can be challenging.  Consid-
ering the risk of placement of a metal clip in an infected 

environment, the timing of clipping in these patients is 
important. So far, limited studies have been conducted 
to clarify which choice of treatment is better; to ligate 
the aneurysm in the presence of infection or to wait for 
infection clearance.

We performed a retrospective study on the treatment 
of patients with ruptured aneurysm that simultaneously 
had EVD-induced infection and discussed the outcomes.

Materials and Methods

This study was conducted on 42 consecutive patients 
with spontaneous SAH who were treated with EVD. 
They were retrospectively screened and all of them were 
treated at the Department of Neurosurgery, Poursina 
Hospital, affiliated to Guilan University of Medical Sci-
ences between January 2016 and December 2018. The 
patients were admitted to the neuro-ICU when the diag-
nosis of SAH verified by brain CT Scans. 

The acute symptomatic hydrocephalus was diagnosed 
based on CT criteria using the bi-caudate index (width 
of the frontal horns at the level of the caudate nuclei 
divided by the width of the parenchyma at the same 
level >95th percentile for age) and significant clinical 
symptoms (e.g., gradual decline of consciousness level, 
constricted unreactive pupils with preservation of all 
other brainstem reflexes, and upward gaze impairment) 
within acute period of the SAH onset [12]. Placement 
and maintenance of the external ventricular drainage 
were performed according to standardized protocols 
to minimize the infection risk. The external ventricu-
lar catheter was placed under a sterile condition in the 
operating room. The surgeons used standard external 
ventricular catheters without antibiotic or silver im-
pregnation. The catheter was inserted through a frontal 
lobe burr hole and fixated with sutures after at least 5 
cm subcutaneous tunneling [13]. 

EVD implantation was performed under strictly aseptic 
conditions and antibiotic prophylaxis (a single shot of 1 
g ceftriaxone intravenously) in the operating room. Ven-
triculostomy system was a closed one and CSF samples 
would be collected if clinical signs of infection such as 
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● The best time for aneurysm clipping is within the first 3 day.

● If the aneurysm gets complicated with infection, it is better to delay clipping for 2-3 weeks after treatment of the infection.
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fever, unexplained rise in system inflammatory param-
eters, or deteriorating neurological performance were 
seen. The catheters were usually kept there. The bleed-
ing source was identified by computed tomography 
angiography (CTA). We excluded patients that did not 
suffer VRIs and had normal CTA.

The study information was extracted from the patient’s 
electronic records regarding age, gender, neurological 
grading of Hunt and Hess on admission, length of EVD 
treatment, results of laboratory tests of CSF (proven or 
suspected ventriculitis) and time period from ictus to 
aneurysm surgical clipping, time period from infection 
to aneurysm surgical clipping, length of VRIs, and pa-
tients’ outcomes. 

EVD-associated ventriculitis was considered “proven 
ventriculitis” after a positive microbiological CSF cul-
ture along with clinical signs of infection, or “suspected 
ventriculitis” due to abnormal CSF parameters like low 
CSF glucose level (<40 mg/dL, or <50% of serum glu-
cose), high CSF protein level (>50 mg/dL), CSF pleocy-
tosis (100/mm), positive CSF Gram-stain and organism 
cultured from the blood or EVD tip in the absence of a 
positive CSF culture. These criteria are obtained from the 
nosocomial infections criteria issued by the Centers for 
Disease Control and Prevention (CDC) for diagnosing 
EVD-associated ventriculitis of the year 2008 [14, 15].

Statistical analysis

A retrospective review of patients’ records was per-
formed for all who underwent EVD placement. Their 
demographic data (sex, age, and indication for EVD 
insertion), age, gender, time of bleeding, time of EVD 
placement, length of EVD treatment and time of aneu-
rysm clipping, time from infection to aneurysm clip-
ping, length of VRIs and patients’ outcome and results

The Analysis of Variance (ANOVA) was used to com-
pare study quantitative variables, based on outcome and 
results. Non-parametric Kruskal-Wallis test was used 
for non-normality distributed variables. Fisher exact test 
and Chi-square test were used to compare the outcome 
based on VRIs as well as the time period from ictus to 
aneurysm clipping. All analyses were done in SPSS ver-
sion 20. P values of less than 0.05 were considered to be 
significant.

Results

A total of 42 patients with a primary diagnosis of 
aSAH who underwent EVD placement because of hy-
drocephalus were included in the study. All of these pa-
tients underwent aneurysm clipping. A total of 16(38%) 
patients were male and 26(62%) were females.

Classification of patients based on Hunt and Hess neu-
rological grading at the admission time revealed that 
18(42.9%) patients were Grade ΙΙ, 12(28.6%) Grade 
ΙΙΙ, 8(19%) Grade ΙV and 4(9.5%) Grade V. 17(40.4%) 
patients got complicated with ventriculitis (5 [11.9%] 
patients had proven ventriculitis and 12[28.6%] patients 
had suspected ventriculitis) and 25(59.6%) patients 
were managed without VRIs (P=0.001). The patients’ 
demographic data are presented in Table 1.

The mean duration between EVD placement and onset 
of infection was 3.4 days (range: 2-5 days). The mean 
duration of EVD catheterization in non-infected patients 
was 10 days and the mean hospital stay in this group 
was 14 days.

The mean duration of EVD catheterization in infected 
patients was 19.8 days that the minimum duration was 
12 days and the maximum was 30 days and the mean 
time of hospital stay in this group was 35 days.

Table 1. Demographics and Hospital records of the study patients with ASH requiring ventriculostomy

PInfected Patients
n=17

Non-Infected Patients
n=25Variable

0.0011725Patients

0.735851Mean age, y

0.005*19.810Duration of EVD catheterization, d

0.003*3514Duration of hospitalization, d

Abbreviations: EVD=External Ventricular Drainage; VRIs=Ventriculostomy-Related Infections

*Statistically significant at P<0.05. Categorical variables were analyzed by Chi-square test.
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Duration of EVD catheterization in infected patients 
was greater than that in non-infected patients (19.8 days 
compared with 10 days) (P=0.005). The mean time of 
hospital stay in patients with EVD infections was also 
significantly longer than that in the patients without in-
fections (35 days vs. 14 days, P=0.003). All of the pa-
tients underwent open surgery aneurysm clipping. Thir-
teen (12.5%) patients in the first 3 days and 20(62.5%) 
patients on days 4-14 and 8(25%) patients after 2 weeks 
underwent surgery.

In this study, we categorized the time period from ictus 
to aneurysm clipping into three time categories of less 
than 3 days, 4-14 days, and more than 14 days. In the 
infection group, 8 patients underwent clipping within 
4-14 days and 9 patients after 14 days. In the non-infec-
tion group, 13 patients underwent clipping in less than 
3 days, and 12 patients in 4-14 days and no patient un-
derwent surgery after 14 days. The mean duration from 
infection to aneurysm surgical clipping in the infection 
group was 7.5 days (range: 5-10 days).

Postoperative complications such as morbidity and 
mortality were evaluated in all patients. Among non-in-
fected patients, 68% of the patients had a good recovery, 
4% died and 28% developed severe complications and 
in non-infected patients who underwent surgery in less 
3 days, 84.6% had a good recovery and 7.7% developed 
severe complications. With regard to the outcome, the 
best time of clipping is less than 3 days with the least 
complications (P=0.047).

Among the infected patients, 41.2% of the patients died 
and 52.9% developed severe complications and 5.9% 
had a good recovery. In the infected patients who under-
went surgery in 4-14 days, 12.5% had a good recovery 
and 37.5% developed severe complications and 50% of 
patients died. So the rate of death in patients with surgery 
in 4-14 days was more than patients with surgery after 
2 weeks and the rate of severe complications was more 
after 2 weeks (Table 2). Multivariate logistic regression 
analysis showed a significant association between the 
factors involved in severe complications and postopera-
tive death in patients with VRIs (Table 2). 

Discussion

CSF diversion such as EVD is the standard treatment 
for SAH-induced hydrocephalus. VRIs have been inves-
tigated extensively in many studies and infection rates 
of 0% to 22% and many of risk factors, including SAH, 
IVH, craniotomy, systemic infection, and longer duration 
of EVD have been reported [9, 16]. This retrospective 
analysis found that VRIs rate was 40.4%, which is slightly 
more than other previous studies. This study indicates that 
duration of EVD insertion and duration of hospital stay 
are associated with EVD infection, a finding consistent 
with several studies in the literature [17-19].

Since the advent of early microsurgical and endovas-
cular approaches to aneurysm treatment, the risk of 
aneurysm re-rupture has reduced. Timely repair of the 
ruptured aneurysm by either endovascular coiling or 
open surgery clipping is a critical element in the effec-

Table 2. Multivariate analysis of the outcome of aSAH patients with EVD placement and clipping

Patients

No. (%)

P
Outcome 

Total
Death Sever 

Complication
Good Re-

covery

Infection group

Time period from 
ictus to clipping 

(day)

4-14 days 4(50) 3(37.5) 1(12.5) 8(100)

0.45>14 3(33.3) 6(66.7) 0(0) 9(100)

Total 7(41.2) 9(52.9) 1(5.9) 17(100)

Non-infection 
group

Time period from 
ictus to clipping 

(day)

<3 days 1(7.7) 1(7.7) 11(84.6) 13(100)

0.474-14 days 0(0) 6(50) 6(50) 12(100)

Total 1(4) 7(28) 17(68) 25(100)

Total
Timing of ictus to 

clipping (day)

<3 days 1(7.7) 1(7.7) 11(84.6) 13(100)

0.001
4-14 days 4(20) 9(45) 7(35) 20(100)

>14 3(33.3) 6(66.7) 0(0) 9(100)

Total 8(19) 16(38.1) 18(42.9) 42(100)
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tive management of the patients with SAH [20, 21]. 
Early aneurysm repair in less than 3 days reduces the 
risk of rebreeding, allows for aggressive management of 
vasospasm, and relieves restrictions on mobilization and 
physical therapy, thus resulting in reduced morbidity and 
mortality compared with the patients receiving delayed 
surgery [22, 23]. Therefore aneurysm clipping in less 
3 days is associated with less morbidity and mortality. 
Based on our study on the evaluation of non-infected 
patients, clipping in this time is accompanied by a good 
outcome. And in the infection group, the aneurysm clip-
ping later than 4 day results in high mortality and mor-
bidity rate. 

Among the infected patients, 41.2% died and 52.9% 
developed severe complications and 5.9% had a good 
recovery. In the infected patients who underwent surgery 
between 4 and 14 days, 12.5% had a good recovery and 
37.5% developed severe complications and 50% died, 
with no significant difference with those who underwent 
surgery after 14 days. Since the in the non-infection 
group, no patient underwent surgical clipping in less than 
3 days and given that the most complications and risk of 
vasospasm happen between 4 and 14 days, it is better 
that infected patients undergo surgical clipping after this 
time or after the recovery of VRIs. However, the time of 
aneurysm treatment and surgical procedure approach in 
patients with VRIs have not been determined. This study 
showed that the placement of a metal clip in the infected 
environment increases the duration of infection and the 
length of stay in the hospital and result in poor outcome. 

This analysis shows the increased rate of moderate to 
severe neurological deficits among patients receiving an-
eurysm clipping during the infection period. So this chal-
lenge needs to be further studied. Whether to perform 
aneurysm clipping after treatment of the infection, with 
accepting the risk of rebreeding or to perform surgery in 
an infected environment is yet to be investigated more. 
Endovascular coiling is another choice for these cases 
which is not feasible for all patients and requires settings 
that are not available for us.

Conclusion 

In conclusion, VIRs are serious complications of EVD 
placement in ASH patients. So, first, we have to use a 
strategy to prevent and decrease the rate of VIR in the 
patients. Second, if there are simultaneous brain aneu-
rysm and infection induced by external ventricular drain-
age, the aneurysm clipping is better to be done within 3 
days, which also reduces the vasospasm chance or clip-
ping should be postponed after treatment of the infection 

and done 2-3 weeks later. However, because most of the 
reviewed studies were retrospective cohort studies, fur-
ther well-designed and prospective studies are required 
to verify these results.
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