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Abstract

Objective: The aim of the study was to identify the frequency of EVD infection, the risk factors for infection, the
effect of infection to final outcome and to VP shunt insertion rate.

Methods: We retrospectively analysed 100 patients with EVD admitted to the Neurological ICU in the period from
January 2013 to December 2014.

Results: The median age of the patients was 60.8 years (range 18-86 years), 53% were male and 47% were
female. The underlying pathologies were: subarachnoid haemorrhage 53/100 (53%), intracerebral haematoma 43/100
(43%), tumour 3/100 (3%) and cerebral infarction 1/100 (1%). 33/100 (33%) received a conservative treatment,
40/100 (40%) a endovascular treatment and 29/100 (29%) a surgical treatment. 13/100 (13%) of the patients had an
EVD infection. Statistical analysis showed no significant correlation between infection and age, underlying pathology
and surgical treatment. There was a significant relationship between infection and longer EVD duration, multiple EVD
replacements and multiple burr-holes. We classified the outcome at 6 months using the modified Rankin scale. The
patients were divided into two groups: bad outcome (scores 3, 4, 5, 6) and good outcome (scores 0, 1, 2). There
was a significant correlation between age and bad outcome, but not between infection and bad outcome. 12 (13.7%)
patients without infection and 2 (15.3%) patients with infection needed a permanent VP shunt. This difference was
not statistically significant.

Conclusion: Infection is a potentially dangerous complication of EVD. We found an infection rate of 13%, which
is comparable with other literature reports. We noticed no correlation between infection and age, primary pathology
or type of treatment. An EVD infection, if recognized soon and adequately treated, did not significantly affect the final

outcome and the VPD insertion rate.
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Introduction

EVD (external ventricular drainage) is a frequently used procedure
in neurological and neurosurgical ICU (intensive care unit). It allows
CSF (cerebrospinal fluid) drainage and therefore it helps to control
ICP (intracranial pressure) rises in patients with acute hydrocephalus.
The main causes of acute hydrocephalus are SAH (subarachnoid
haemorrhage), ICH (intracerebral haematoma) and tumours. A
frequent complication of this procedure is infection, which is reported
in literature in the range of 5-20% [1-4]. Infection of an EVD leads to
removal of the device, likely to its reinsertion, to prolonged hospital
stay, increased costs and to higher morbidity. The purpose of this
retrospective study is to analyse the experience of a single centre with
EVDs, to evaluate the risk factors and the frequency of EVD infections
and the effect of infection on the final outcome.

Methods

We retrospectively analysed all EVDs inserted in the ICU of the
Neurological Clinic of the University Medical Centre Ljubljana in the
period from January 2013 to December 2014. Patient demographics,
underlying diagnosis, eventual development of infection, need for
exchange or repositioning of the EVD, duration of drainage, clinical
outcome and need for permanent VP shunt were recorded. No
traumatologic and no paediatric patients were included, since these
cases are routinely referred to other ICU of the same hospital. All
patients with a pre-existent CSF infection were also excluded. The data
gathering was often characterized by missing values. Strict inclusion

and exclusion criteria were used to reduce this bias and all included
patients had complete data collected. Furthermore all data were
collected by a single researcher to reduce any additional variability.

Placement of the EVD was always performed under sterile
conditions in the operating theatre [5]. Bed-side insertion was
performed when the transfer to the operating theatre was precluded
by urgent conditions [6,7]. The providers who placed the EVD had
different experience levels, ranging from residents to old consultants.
No data were collected, to assess if there were any trends towards higher
infection rates in providers who were less experienced, compared with
those who were more experienced.

After hair shaving and preparation of the operative field with
standard sterile technique, the burr-hole was made through a 2.5 cm skin
incision. In the cases of symmetrically dilated ventricles the burr-hole
was placed around the Kocher’s point and the EVD was inserted in the
right frontal horn. In cases of asymmetrical dilatation, the ventricular
catheter was inserted in the largest ventricular compartment. In case
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of haematocephalus the catheter was inserted into the side of major
bleeding. The catheter was always tunnelled for at least 5 cm. Basic
CSF drainage Integra systems, with plain non-impregnated catheters
were used in all cases. All patients received antibiotic prophylaxis
with Cefazolin prior to EVD insertion. Prophylactic antibiotics were
not used continually throughout the term in which the drain was in
place. Prophylactic catheter exchange was never performed. The CSF
was sampled in a sterile fashion for biochemical and microbiological
analysis three times a week for the entire duration of EVD, by
withdrawing 5 ml of CSF through the proximal 3-way stopcock.

Definition of infection (ventriculitis, meningitis) was related to a
febrile patient, with a positive CSF culture obtained by aspiration from
the proximal 3-way tap, associated with CSF pleocytosis (>15 cells/
mm?®), high protein level with low glucose and appropriate clinical
signs and symptoms (fever, meningism, reduced level of consciousness,
photophobia, phonophobia) [8,9]. The term contamination was used
when the patient had one single CSF culture positive for a common
skin pathogen in the absence of abnormal CSF findings [4]. Antibiotic
therapy was not given for simple contamination.

The EVD was always removed and eventually replaced in case of
malfunctioning, obstruction, wrong position detected by CT scan, or
infection. Drain blockage was sometimes resolved by rinsing the EVD
with 0.9% NaClL

Statistical analysis was done by using SPSS commercial software.
Student T-test was used to analyse the differences between independent
variables. The relationships between variables were tested using logistic
regression analysis. A statistical significant result was considered when
p<0.05.

Results

General characteristics

We analysed a total of 100 patients, who had at least one EVD
inserted (Table 1). The median age of these patients was 60.8 years (with
a range between 18 and 86 years), 53 (53%) were male and 47 (47%)
were female. Primary underlying pathologies were SAH 53/100 (53%),
ICH 36/100 (36%), posterior fossa ICH 7/100 (7%), tumour 3/100 (3%)
and CVI 1/100 (1%) (Figure 1). 44/53 (83%) SAH were from ruptured
aneurysms, 9/53 (16.9%) were cryptogenic and were treated with
conservative methods. Among those caused by ruptured aneurysms,
38/44 (86.3%) were coiled, 6/44 (13.6%) were microsurgically clipped.
Among ICH, including those in the posterior fossa, 20/43 (46.5%) were
surgically evacuated (5/7 (71.4%) of those in posterior fossa). 23/43
(53.4%) of the ICH were treated conservatively. All 3 tumours were
treated with microsurgical excision. Overall 33/100 (33%) patients
received a conservative treatment, 40/100 (40%) an endovascular
treatment and 29/100 (29%) a surgical treatment (haematoma
evacuation, aneurysmal clipping and tumour excision) (Figure 2).
73/100 (73%) of patients had no EVD replacement. 21/100 (21%) had 1
replacement, 5/100 (5%) had multiple replacements. 92/100 (92%) had
one single burr-hole through which one or more EVDs were inserted.
5/100 (5%) had two, 3/100 (3%) had 3 burr-holes. Median duration of
EVD placement was 16.2 days (minimum 0 days, maximum 67 days).

EVD infection results

13/100 (13%) of all patients developed an EVD infection
(ventriculitis or meningitis) (Table 1). Median age of the patients in the
infection group was 59.2 years, while median age of the patients in the
no-infection group was 61.3 years. We found no statistically significant

relationship between patient’s age and EVD infection (p=0.54). In the
infection group 9 patients (69.3%) were males, 4 (30.7%) were female.
In the no-infection group 43 (49.4%) patients were males, 44 cases
(48%) were females. The median duration of EVD placement was 27
days in the infection group and 14.7 days in the no-infection group.
This difference was statistically significant (p<0.01).

Primary pathology in the infection group was SAH in 5 cases
(38.4%), ICH in 7 cases (53.8%), tumour in 1 case (7.7%). Primary
pathology in the no-infection group was SAH in 48 cases (55.1%), ICH
in 36 cases (41.3%), tumour in 2 cases (2.2%), CVI in 1 case (1.1%)

ALL NO-
PATIENTS | INFECTION INTEES)ON
(n=100) (n=87)
Median age 60.1 years 61.3 years 59.2 years
Sex M 53 (53%) 43 (49.4%) 9 (69.3%)
F 47 (47%) 44 (48.2%) 4 (30.7%)
SAH 53 (53%) 48 (55.1%) 5(38.4%)
Underlying ICH 43 (43%) 36 (41 .3%) 7 (53.8%)
pathology TUMOR 3 (3%) 2 (2.2%) 1(7.7%)
cVvi 1(1%) 1(1.1%) 0 (0%)
SURGERY 29 (29%) 25 (28.7%) 3 (23%)
Treatment ENDOVASCULAR 40 (40%) 34 (39.1%) 4 (30.7%)
CONSERVATIVE 33 (33%) 28 (32.1%) 6 (46.1%)
EVD replacement 27 (27%) 16 (18.3%) 13 (84.5%)
Two or more burr-holes 8 (8%) 3 (3.4%) 3 (23%)
EVD duration 16.2 days 14.7 days 27 days

Table 1: The table shows the demographic and clinical data of all the patients with
EVD, of the patients in the no-infection group and of those in the infection group.
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Figure 1: The figure shows the frequency of primary pathology among all
patients. No significant correlation was found between infection and type of
underlying pathology (p=0.40).

®mNO-INFECTION
GROUP

® INFECTION GROUP

! ALL PATIENTS

Figure 2: The figure shows the modality of treatment (surgical, endovascular,
conservative) in the no-infection and in the infection group. We found no
significant correlation between infection and surgical treatment (p=0.61).
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(Figure 1). We found no significant correlation between EVD infection
and the two most common primary pathologies, SAH (p=0.27) and
ICH (p=0.40).

Modality of treatment in the infection group was conservative in
6 cases (46.1%), endovascular in 4 cases (30%), surgical (evacuation
of ICH, clipping, excision of tumour) in 3 cases (23%). Modality of
treatment in the no-infection group was conservative in 28 cases
(32.1%), endovascular in 34 cases (39.1%) and surgical (evacuation
of ICH, clipping, excision of tumour) in 25 cases (28.7%) (Figure 2).
We did not find any significant relationship between infection rate and
surgical intervention (p=0.61).

In the infection group only 2 patients had one single EVD
inserted (15.3%). 8 cases (61.5%) had one EVD replacement, while
3 patients (23%) necessitated of multiple replacements. In 3 cases
(23%) the new EVD was inserted through a second burr-hole. In the
no-infection group 71 patients (81.6%) had one single EVD inserted.
13 cases (14.9%) necessitated of one EVD replacement (because of
obstruction, malfunctioning or wrong position). 3 cases (3.4%) needed
multiple (from 2 to 5) EVD exchanges. In 5 cases (5.7%) the new EVD
was inserted through a second burr-hole, in order to allow a better
drainage of the ventricular system. We found a statistically significant
relationship between EVD infection and multiple EVD replacements
(p<0.01), as well as between EVD infection and insertion through a
second burr-hole (p=0.047).

Four cases of ventriculitis were caused by S. epidermidis and 2 cases
were caused by E. cloacae. Other bacteria (S. aureus, P. aeruginosa, E.
coli, S. capitis, E. faecalis, S. haemoliticus, K. pneumoniae) were isolated
from CSF each in one case.

Outcome

The outcome was measured using the modified Rankin score
(mRS) which allows to classify patients in relation to their functional
impairment (Figure 3). In the no-infection group the long term results
were as follows: a score of 6 (death) was present in 25 cases (28.7%). A
score of 5 (very sick patient, who needs hospital admission and active
supportive treatment) was reached by 16 patients (18.3%). A score of 4
(patient who is unable to care for himself, who requires institutional or
hospital care) was present in 15 cases (17.2%). A score of 3 (patient who
is unable to work, but able to live at home and care for most personal
needs) was reached in 15 cases (17.2%). A score of 2 (patient who is
able to carry on normal activity and to work, without any special care
needed) was reached by 9 patients (10.3%). A score of 1 or 0 (normal
patient, with very little or no complaints and no evidence of disease)
was present in 7 cases (8%) (Table 2).

In the infection group the results were as follows: 6 (death) in 2
cases (15.3%), 5 in 2 cases (15.3%), 4 in 2 cases (15.3%), 3 in 5 cases
(38.4%), 2 in no case (0%), 1 or 0 in 2 cases (15.3%) (Table 2).

Based on the ability to care independently for themselves, to carry
on normal daily activities and to work, we divided all outcomes in only
2 subgroups: one group of bad outcomes (Rankin scores 3, 4, 5, 6) and
one group of fairly good outcomes (Rankin scores 0, 1, 2) (Table 2 and
Figure 4). In the no-infection group a bad outcome was present in 71
cases (81.6%) and a good outcome in 16 cases (18.4%). In the infection
group, 11 cases (78.6%) had a bad outcome and 3 cases (21.4%) had
a good outcome. We found no significant relationship between bad
outcome and infection (p=0.65), but we found a significant relationship
between bad outcome and age (p=0.026).
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Figure 3: The figure shows the outcome of patients in the no-infection and in
the infection group using the modified Rankin score.

Modified Rankin scale No-Infection (n=87) Infection (n=13)
6 25 (28.7%) 2 (15.3%)
5 16 (18.3%) 2 (15.3%)
4 15 (17.2%) 2 (15.3%)
3 15 (17.2%) 5 (38.4%)
2 9 (10.3%) 0 (0%)
1or0 7 (8%) 2 (15.3%)
Good outcome (scores 0, 1, 2) 16 (18.4%) 3(21.4%)
Bad outcorgegcores 3,4, 71 (81.6%) 11 (78.6%)
VP shunt 12 (13.7%) 2 (15.3%)

Table 2: The table shows the outcomes and the VP shunts rates of the patients in
the no-infection and in the infection group.

100

80

60 = NO-INFECTION
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Bad
outcome VP
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Figure 4: The figure shows the rate of good outcome (modified Rankin scores
0, 1, 2) and bad outcome (modified Rankin scores 3, 4, 5, 6) and the rate of
permanent VP shunt insertion in the no-infection and in the infection group.

Furthermore we performed a multivariate analysis, using the bad
outcome as dependent variable and infection, EVD replacements,
EVD duration and age as independent variables (Table 3). We found
a significant negative association between bad outcome and EVD
replacements (p=0.009; Confidence interval 95%) and a positive
significant association between bad outcome and age (p=0.014;
Confidence interval 95%). The multivariate analysis showed neither a
significant relationship between bad outcome and infection (p=0.205),
nor between bad outcome and EVD duration (p=0.154).

Twelve patients in the no-infection group (13.7%) needed a
permanent VP shunt, to treat a chronic hydrocephalus. Two patients
in the infection group (15.3%) needed a permanent VP shunt (Figure
4). We found no statistically significant relationship between EVD
infection and need for a permanent VP shunt (p=0.87).

Discussion

EVD is a life-saving procedure frequently used in ICU to treat
acute hydrocephalus associated with SAH, ICH, tumours and other
neurological urgencies. However, the high incidence of EVD infections
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95% C.I. for EXP (B)

B Sig. Exp (B)
Lower Upper
Age 0.054 0.014 1.056 1.011 1.102
EVD duration 0.043 0.154 1.044 0.984 1.107
Infection 1.258 0.205 3.517 0.503 24.611
EVD replacement -1.454 0.009 0.234 0.078 0.698

Constant -2.043 10.116 0.130

Table 3: Multivariate analysis of the risk factors for bad outcome. Age and infection
were significantly associated with bad outcome.

remains a major complication of this technique. The incidence of EVD
infections is reported to be in the range between 4% and 23% in a large
number of retrospective and prospective clinical studies [1,2,5,8,10-20].
A meta-analysis on 23 studies reported a cumulative rate of positive
CSF cultures of 8.8% per patient, or 8.1% per EVD [4]. Nosocomial
meningitis and ventriculitis represent a possible life-threatening
condition, which may lead to a permanent adverse outcome of neuro-
critical patients.

The frequency of EVD infections in our cohort of patients was 13%.
This value is comparable with the infection rate in other previously
published studies [1,2,5,8,10-20].

Several factors have been detected, that can influence the EVD
infection rate. These are EVD duration, EVD replacements, presence
of a craniotomy, primary underlying pathology, antibiotic prophylaxis,
CSF leakage, EVD tunneling and routine CSF sampling.

EVD duration longer than 5 or 10 days and EVD replacements were
previously suggested to represent risk factors for infection [4,8,15,21-
26], though other authors have reported the opposite [14-16,27].

Holloway et al. [11,24,26] demonstrated, that the risk of an EVD
infection increased during the first 11 days, but after this period an
infection became unlikely. Furthermore, it was demonstrated [28],
that the median duration of EVD in patients with a CSF infection was
actually longer than in patients without infection, but the prolongation
of drainage time was a result of EVD infection and not vice versa [28].

Regarding EVD replacements, it has been reported [4], that the
incidence of infection was 8% for every newly inserted EVD. Based
on this it has been suggested, that infection may occur mainly at the
moment of EVD placement and that multiple catheter exchanges may
represent a risk factor for infection [4,28].

Analysing the infection group in our cohort of patients, we
recognized three statistically significant factors related to EVD
infection: EVD duration, EVD replacements and multiple burr-holes.
It is important to emphasise, that in cases of ventriculo-meningitis
there was a need for a longer duration of EVD to obtain a good CSF
clearance. Moreover an infection itself represented an indication for
EVD replacement, if possible through a different burr-hole. We can
therefore presume that in our study these three factors represented the
consequences and not the causes of EVD infection.

Other recognized risk factors for an EVD infection are depressed
cranial fractures [4,11], systemic infections [4] and craniotomies
[4,8,11]. In our study the patients in the infection group received less
frequently a surgical treatment (23%), than patients in the no-infection
group (28.7%) and more frequently a conservative treatment (46.1%)
compared to the no-infection group (32.1%). There was no significant

relationship between EVD infection and craniotomy, suggesting that
a major neurosurgical intervention may not represent a risk factor for
EVD infection.

Regarding primary underlying pathology different studies showed
an increased rate of infection in patients with SAH and intraventricular
haemorrhage [4,8,11,18]. In our study we observed a slightly increased
frequency of ICH cases in the infection group and an increased
frequency of SAH in the no-infection group. Despite this, no significant
correlation existed between infection and ICH or SAH, suggesting that
in our cohort of patients the primary pathology had no influence on the
development of an EVD infection.

Still controversial is the prophylactic use of antibiotics for EVD
insertion. A meta-analysis published by Prabhu et al. [29] concluded,
that the role of prophylactic antibiotics with EVD remains unclear.
Other studies demonstrated, that procedural administration alone, or
administration for the entire duration did not change the incidence of
infections. A prospective randomised controlled study [30] suggested
some advantage by using antibiotic for the entire duration of EVD, but
noticed the disadvantage of selecting bacteria that caused more virulent
infections. Regarding antibiotic impregnated catheters there are several
studies demonstrating a significantly reduced bacterial adherence to
these catheters and thus a significant reduction of CSF infections.

We did not use antibiotic impregnated catheters, but all patients
received a dose of Cefazolin at the time of EVD insertion. We believe
that this strategy represents a good protection against infection, without
creating potentially insidious resistances to antibiotic treatment, which
are frequently reported with the use of antibiotic impregnated catheters
[31].

Another recognized risk factor for EVD infection is CSF leakage
through the EVD insertion wound [10,16,21,22,32]. The leakage
creates a direct connection between the intracranial and extracranial
space, through which the cutaneous bacterial flora can migrate into
the intracranial space. The absence of tunnelling of the EVD catheter
is supposed to increase the rate of CSF leakage and therefore of EVD
infections [3,23,33-35]. In fact the length of tunnelling has a close
inverse correlation with the infection rate [16,35] and this further
suggests a connection between infection and the bacterial penetration
through the EVD exiting point. Finally a major way of CSF infection
is the routinely manipulation for CSF sampling [19,24] and catheter
rinsing [1,4,5,8,27]. For this reason some authors [24] suggested to
limit CSF sampling to situations when there is clinical concern for CSF
infection (fever, headache, change in mental status, nuchal rigidity,
cranial nerve signs).

Data about the clinical status were collected 6 months after the
treatment with EVD. We used the modified Rankin scale (mRS) to
determine the functional outcome. The number of deaths in both
groups was similar (28.7% in the no-infection group and 15.3% in the
infection group). The percentage of patients who received a score of 0
and 1 (normal patient with no or very little evidence of disease) was
also comparable in the two groups (8% in the no-infection and 15.3%
in the infection group). The scores between these two extremes were
also not much different in the two groups. In addition, we divided the
outcome scores in two groups: one group of good outcome (Rankin
score 0, 1, 2) and one of bad outcome (Rankin score 3, 4, 5, 6). We
found no significant relationship between bad outcome and infection,
but we found a significant relationship between bad outcome and age.
However these data should be interpreted carefully. Our sample size
is relatively small and the conclusions are therefore weak. Despite
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this our data suggest that, beyond an eventual EVD infection, age and
initial conditions of the patient are the main factors influencing the
final outcome.

Similar results have been found also regarding the need for a
permanent VP shunt. The VP shunt rate in our study was 13.7% in
the no-infection group and 15.3% in the infection group. These results
were similar to those of other studies, were the overall VP shunting
rate was between 12% and 17.2% [36,37]. There was no significant
difference between the infection group and the no-infection group.
We can assume that the main reason for the final insertion of a shunt
is related to changes inside the ventricular system due to the primary
pathology. Intraventricular scarring after a major bleeding is a well-
known risk factor for chronic hydrocephalus [38] and we can suppose
that a ventricular infection adds only few more risks for the need of a
permanent shunt.

Regarding the microbial agents in ventriculo-meningitis, the
most frequently identified in literature [4,39] are gram-positive cocci,
consistent with normal skin flora such as Staphylococcus epidermidis
(70%), Staphylococcus aureus (10%). Gram negative bacteria (Klebsiella
spp., E. coli, Pseudomonas spp.) account for 15% of all infections,
anaerobes and fungi such as Candida spp. (<5%) are rare. Our results
were comparable with these data, since S. epidermidis was the most
common agent.

Conclusion

The results of our study indicate EVD duration, EVD replacements
and replacements through multiple burr-holes as risk factors for EVD
infection. Whether these three factors represent the direct causes or
the consequences of an EVD infection is questionable, since an EVD
infection requires by itself prolonged drainage duration, a catheter
replacement and eventually the reinsertion through a different burr-
hole. Furthermore we found no statistically significant association
between an EVD infection and a worse outcome, but a significant
relationship between bad outcome and age. The multivariate analysis
shows that bad outcome is significantly related to EVD replacements
and age.

At first sight our results may suggest that an EVD infection, if
treated early and correctly do not significantly affect the final functional
outcome. These results shall however be read very carefully. Our sample
size was relatively small; hence the conclusions are somewhat fragile.
There is a worldwide intense interest in antibiotic prophylaxis in
patients with EVD and in the use of antibiotic impregnated catheters.
This is such an important topic because there is concern about the
potential for infections resulting in a worsened outcome. Our evidence
suggests that an EVD infection, if treated promptly and correctly
can remain a contained event. The main factors influencing the final
outcome remain patient’s initial conditions and level of neurological
damage.
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