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ABSTRACT

BACKGROUND: External ventricular drainage (EVD) is a life-saving and emergent procedure in neurosurgery. However, infection is 
the main problem in patients with EVD. The present study aims to analyze the infection rate of patients with EVD and to investigate 
the factors that contribute to infection and mortality rates.

METHODS: The data of patients who underwent emergent EVD procedure between 2018 and 2019 were retrospectively analyzed 
in this study. The demographic features of the patients were recorded. The correlation between age, gender, indication and duration 
of EVD, and the infection and mortality rate were investigated.

RESULTS: In this study, 47 patients underwent emergent EVD in two years. Thirty (63.83%) patients were male, and 17 were fe-
male with a mean age of 28.02 years. The mean duration of drainage was 6.2 days. Fifty-eight cerebrospinal fluid (CSF) samples were 
analyzed during the drainage period and CSF culture was positive in 14 (24.14%) samples. The most common microorganism was 
Staphylococcus epidermidis. The infection rate was high in older and male patients with duration longer than six days. Nine (19.15%) 
patients died during the treatment period and six of them had IVH.

CONCLUSION: The duration of EVD should be shorter in patients older than 65 years with the diagnosis of intraventricular hem-
orrhage, which is mostly related to death.
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Today, the diagnostic criteria of infection are significant for 
treatment. The strongest diagnostic criterion is the CSF cul-
ture, which is obtained during the drainage. Another reliable 
diagnostic method is cell count within the CSF. The decrease 
in CSF glucose level and the increase in protein level are less 
reliable than the CSF culture or cell count, but should also be 
measured in the CSF.[6,7] However, it is not well documented 
the factors that contribute the infection rates in patients with 
EVD.

Duration of EVD, primary disease-causing increased ICP, con-
comitant infection, type of surgical intervention, CSF fistula 
are defined as risk factors for infection during EVD.[6–9] Many 
factors have also been investigated previously to reduce the 
infection rate during the EVD. However, discussions on differ-

  O R I G I N A L  A R T I C L E

INTRODUCTION

External ventricular drainage (EVD) systems are devices 
placed in cases of acute hydrocephalus or intraventricular 
hemorrhage to monitor intracranial pressure (ICP) and to 
drain the cerebrospinal fluid (CSF) or blood within the ven-
tricle.[1] It is a basic and simple but emergent treatment meth-
od in patients with increased ICP which is a life-threatening 
condition.[1,2] Moreover, it plays a therapeutic role by allowing 
drainage of CSF or intraventricular blood. However, the main 
disadvantage of EVD is the risk of infection (ventriculitis or 
meningitis) arises due to this procedure. In the literature, the 
risk of infection has been reported between 0–45%.[2–4] The 
infection secondary to EVD may lead to significant morbidity 
or mortality if not it is managed properly.[5,6]
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ent variables still continue. The duration of EVD is a matter 
of debate on ventriculostomy-related infections.[8–10]

In our study, the data of patients who underwent emergent 
EVD in the department of neurosurgery between 2018–2019 
were examined retrospectively. Different factors were ana-
lyzed to investigate the infection and mortality rates in pa-
tients with EVD.

MATERIALS AND METHODS

The ethical approval of this retrospective study was obtained 
from our institution. In this study, 47 patients underwent 
EVD (Argifix®, ArgiGroup, Ankara, Turkey) in the Depart-
ment of Neurosurgery between January 2018 and December 
2019 (Fig. 1).

EVD Technique
The patient was laid on the bed with slight head elevation 
in the supine position. Hair was removed, and the scalp was 
prepared in a sterile fashion. After installation of local an-
esthesia, a burr hole was placed at Kocher’s point or Fra-
zier’s point based on the ventricular anatomy of the patient. 
The dura was coagulated and opened. Then, the ventricular 
catheter was inserted, aiming in a coronal plane toward the 
medial canthus of the ipsilateral eye and in the anteroposte-
rior plane toward a point 1.5 cm anterior to the ipsilateral 
tragus, toward the ipsilateral Foramen of Monro. In cases of 
intraventricular hemorrhage, endoscopic ventricle irrigation 
was performed and the ventricle catheter was inserted under 
endoscopic visualization (Fig. 2). The length of the catheter 
was determined based on the anatomy and size of ventricles. 
Once the CSF flow was visualized, the catheter was fixed 
with suture. Then, it was tunneled through the skin away 
from the point of entry and connected to the drainage bag 
or reservoir.

Periodical CSF samples were obtained from the reservoir for 
biochemical and microbiological analysis. CSF culture is a rou-
tine procedure in our department in patients with EVD. 
The data of patients were collected and analyzed. Age, gen-
der, diagnosis, duration of EVD, CSF glucose and protein lev-
els, results of CSF culture and the outcomes of the patients 
were retrospectively examined.

SPSS 19.0 software was used for statistical analysis (SPSS Inc., 
Chicago, IL). Descriptive statistics, Spearman correlation and 
chi-square test were used for the analysis of the data. A p 
value ≤0.05 was accepted as an indicator of significance in all 
comparisons.

RESULTS

A total of 47 patients underwent EVD over two years. Thir-
ty (63.83%) patients were male and 17 were female with a 
mean age of 28.02 years (ranged between 0 and 88 years). 

The mean duration of drainage was 6.2 days, ranged between 
three and nine days. The diagnosis of patients were hydro-
cephalus (n=22) (Fig. 3a), intraventricular hemorrhage (IVH)
(n=13) (Fig. 3b), intraventricular tumor (n=7) (Fig. 3c), pos-
terior fossa tumors (n=4) and traumatic brain injury (n=1) 
(Table 1). Fifty-eight CSF samples were obtained from 47 pa-
tients. CSF culture was positive in 14 (24.14%) of 58 samples. 
Staphylococcus epidermidis (n=4), Enterococcus faecium 
(n=2), Klebsiella pneumoniae (n=2), Staphylococcus haemo-
lyticus (n=2), Acinetobacter baumannii (n=2), Staphylococcus 
hominis (n=1) and Mycobacterium spp (n=1) were identified 
in the culture of 58 CSF samples. The mean CSF glucose was 
29.78 mg/dl (ranged between 1 and 63.3 mg/dl) and the mean 
CSF protein level was 428.31 mg/dl (ranged between 134 and 
707 mg/dl) in patients with positive CSF culture. Infection 
was more common in male patients, but this is not statisti-
cally significant (p>0.05). The duration of EVD is statistically 
significantly correlated with the infection rate (p<0.05). In ad-
dition, the infection was more frequent in patients older than 

(a) (b)

Figure 1. Picture of an external ventricular drainage system. (a) 
Ventricular catheter (white arrow), small silicone fixation tab (yel-
low arrow) and trocar needle (red arrow) to allow catheter passage 
under the skin. (b) Drip chamber (white arrow) and collection bag 
(red arrow).

Figure 2. Endoscopic view of EVD catheter within the ventricle 
(MB: Mamillary bodies, TS: Tuber cinereum, Cat: Catheter).
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65 years old and this is also statistically significant (p<0.05). 
Nine (19.15%) of 47 patients died during the follow-up peri-
od. Among them, microorganism (Mycobacterium spp) was 
isolated in only one patient and the pre-EVD diagnosis was 
IVH in six patients. Univariate regression analysis demon-
strated that the risk of infection is significantly increased in 
patients older than 65 years old (p<0.05). 

DISCUSSION
EVD is a basic and simple method of treatment in patients 
with increased ICP. EVD is performed in medical practice 
since the second half of the 18th century. It is also used to 
drain blood or infected CSF in patients with IVH or infection. 
The main disadvantage of EVD is the risk of life-threatening 
ventriculitis or meningitis due to this application. Champey 
et al.[9] performed a retrospective study in 462 patients with 
EVD and they suggested an EVD care bundle, which can in-
clude routine daily CSF sampling, for prevention of EVD-re-
lated infection. Sam et al.[10] reported an infection rate of 
6.3% in 796 patients with EVD and they found that Acine-
tobacter baumannii was the most common organism causing 
ventriculostomy-related infection. In our series, CSF infection 
was detected in 14 of 47 patients and one of them died af-
ter the treatment in whom the diagnosis was intraventricular 
hemorrhage. Staphylococcus epidermidis was mostly isolated 

microorganism in our series. The CSF glucose level should 
be 40–80 mg/dl and the CSF protein level should be 15–60 
mg/dl in normal healthy individuals. However, in our series, 
the mean CSF glucose level was 29.78 mg/dl and the mean 
CSF protein level was 428.31 mg/dl among patients with CSF 
infection. The CSF protein level was significantly high in pa-
tients with infection and the glucose level was below the nor-
mal CSF glucose level. 

Hydrocephalus is the most common indication of EVD. Hy-
drocephalus may develop due to intracranial tumors or hem-
orrhages by blocking the CSF pathways or impairing CSF ab-
sorption.[11–13] This increases ICP and poses a life-threatening 
condition to the patient. EVD placement is an emergent but 
life-saving procedure in hydrocephalus patients whose clinical 
condition is rapidly deteriorating and unconscious,[14] espe-
cially in hydrocephalus patients with shunt dysfunction, this 
procedure decreases rapidly the ICP and prevent the brain 
herniation. Emergent EVD is also placed in intraventricular 
hemorrhages (IVH) that have occurred for different reasons 
besides hydrocephalus. Subarachnoid hemorrhages are the 
main causes of IVH, followed by intraventricular tumors or 
ventricular injuries secondary to severe head traumas. Emer-
gent evacuation of the intraventricular blood is required by 
the placement of EVD. Song et al.[11] compared the EVD and 

Figure 3. (a) Axial CT scan of a 60-years old male patient with hydrocephalus. The catheter was inserted through Frazier’s point. (b) Cor-
onal CT scan of a 64-years old male patient with intraventricular hemorrhage. The EVD catheter is passing through the brain tissue and 
reaching to the lateral ventricle. (c) Sagittal CT scan of a 32-years old female patient with an intraventricular tumor. The EVD catheter was 
in the lateral ventricle in front of the tumor.

(a) (b) (c)

Table 1. The demographic features and laboratory results of 47 patients who underwent EVD

Indication of EVD Number Mean age Male/ Mean CSF Mean CSF Positive Death
 of patients (years) Female glucose (mg/dL) protein (mg/dL) CSF culture

Hydrocephalus 22 5 14/8 12.35 524.6 13 1

Intraventricular hemorrhage 13 65.75 9/4 40.24 367.43 1 6

Intraventricular tumor  7 42.26 3/4 45.56 100.8 0 2

Posterior fossa tumor 4 34.43 3/1 70.12 66.58 0 0

Traumatic brain injury 1 23 1/0 54.9 147.7 0 0

CSF: Cerebrospinal fluid; EVD: External ventricular drainage.

Ulus Travma Acil Cerrahi Derg, November 2020, Vol. 26, No. 6872



endoscopic evacuation in patients with IVH and they found 
that endoscopic hematoma evacuation has an advantage of 
a higher hematoma clearance rate, fewer complications and 
better outcomes in severe IVH. Basaldella et al.[15] pointed 
out that endoscopic blood aspiration reduces shunt depen-
dency in patients with IVH. In our series, 13 (27.66%) of 47 
patients underwent EVD for IVH and six (66.66%) of them 
died despite the treatment. The mean age of these patients 
was 65.75 years and all of them had associated co-morbidi-
ties. Our findings revealed that patients older than 65 years 
were more prone to infection when compared with younger 
patients. In addition, the infection was more common in male 
patients, but this was not statistically significant. 

EVD is also widely used to lower ICP after traumatic brain 
injuries (TBI).[16] Craniocerebral gunshot wounds may increase 
ICP and conventional methods fail to treat intracranial hyper-
tension.[16–19] In those times, emergent EVD may be a life-sav-
ing procedure for the patient. Bhargava et al.[20] reported their 
study on the efficacy of EVD on the management of increased 
ICP in 139 patients with TBI refractory to conventional medi-
cal treatment. EVD was inserted in 16 patients and they found 
that patients treated with EVD had a lower risk of needing 
definitive treatment for ICP control. Chau et al.[21] emphasized 
the significance of EVD in the management of TBI. They sug-
gested that this procedure can improve brain perfusion and 
mitigate the risk of exacerbating the secondary cerebral injury, 
as well as reduce the probability of brain herniation in TBI 
patients. In our series, one of the 47 patients had a traumatic 
brain injury and underwent EVD for seven days. This patient 
was discharged after a successful treatment period. 

Silicone catheters are generally used in EVD systems and it 
is claimed that bacterial colonization is less in these cath-
eters.[22] However, it has been suggested that polyurethane 
catheters can also be used for CSF drainage.[23] We should 
note that antibiotics or silver-impregnated catheters have 
also been shown to be effective in preventing infection.[23–26] 
Meanwhile, Nilsson et al.[27] reported that silver-coated EVD 
cannot reduce the use of antibiotics or provide shorter hos-
pital stay in cases of ventriculitis. Studies on the development 
of EVD catheters are still ongoing. In our series, we used 
silicone catheters in all patients and not used any antibiotic or 
silver-impregnated catheter. However, our infection rate was 
compatible with the series of antimicrobial catheters. This is 
probably due to the lost antimicrobial features of catheters 
after a short period following EVD insertion.

The limitations of our study are the retrospective nature and 
low patient population. 

Conclusion
The duration of EVD should be shorter than six days in pa-
tients older than 65 years to prevent the infection. IVH is re-
lated to high mortality. More clinical studies in larger popula-

tions help us to reveal the correlation between the mortality 
and EVD procedure.
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OLGU SUNUMU

Yaşlı ve intraventriküler kanaması olan hastalar eksternal
ventrikül drenajı sonrası enfeksiyona daha yatkındır
Dr. Soner Yaşar, Dr. Alparslan Kırık
Sağlık Bilimleri Üniversitesi Gülhane Eğitim ve Araştırma Hastanesi, Beyin ve Sinir Cerrahisi Kliniği, Ankara

AMAÇ: Eksternal ventrikül drenajı (EVD) nöroşirürjide hayat kurtarıcı ve acil uygulanan bir girişimdir. Ancak enfeksiyon, EVD uygulanan hastalarda 
temel sorundur. Bu çalışmanın amacı, EVD’li hastaların enfeksiyon oranlarını analiz etmek ve enfeksiyon ve mortalite oranlarına katkıda bulunan 
faktörleri belirlemektir.
GEREÇ VE YÖNTEM: 2018–2019 yılları arasında acil EVD prosedürü uygulanan hastaların verileri geriye dönük olarak incelendi. Hastaların demog-
rafik özellikleri kaydedildi. Yaş, cinsiyet, EVD endikasyonu ve süresi ile enfeksiyon ve mortalite oranı arasındaki ilişki araştırıldı.
BULGULAR: Toplam 47 hastaya iki yıllık dönemde acil EVD uygulandı. Otuz (%63.83) hasta erkek, 17’si kadın olup ortalama yaş 28.02 idi. Ortalama 
drenaj süresi 6.2 gündü. Drenaj döneminde 58 beyin omurilik sıvısı (BOS) örneği analiz edildi ve 14 (%24.14) örnekte BOS kültürü pozitif  bulundu. 
En yaygın mikroorganizma Staphylococcus epidermidis idi. Altı günden daha uzun süren yaşlı ve erkek hastalarda enfeksiyon oranı yüksekti. Dokuz 
(%19.15) hasta tedavi süresince öldü ve altısında intraventriküler kanama vardı.
TARTIŞMA: Altmış beş yaş üstü ve intarventriküler kanaması olan hastalarda EVD süresi daha kısa olmalıdır. Bu hasta grubunda mortalite daha 
yüksektir.
Anahtar sözcükler: Beyin-omurilik sıvısı; eksternal ventrikül drenajı; mortalite; nöroşirürji. 
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