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Abstract

Background External ventricular drainage (EVD) is frequently used in neurosurgical procedures for cerebrospinal
fluid (CSF) drainage. It is, however, associated with high infection rates, namely secondary meningitis and ventricu-
litis. Based on a previous high prevalence of these infections among patients with EVDs, we have proposed and
implemented a protocol in an effort to decrease the infection rate. The aim of this study was to measure the effect of
hospital-wide implementation of the EVD handling protocol on secondary EVD infections.

Patients and methods We included 409 consecutive patients who received a new EVD for other indications than
infectious pathologies from January 2000 until June 2012. Patients above 18years of age were divided into pre-
(n=228) and post-protocol (n=181) groups. Patient and disease demographics, as well as EVD data together with
confounders for secondary meningitis were recorded in a database. Propensity score matching was then performed
to create groups matched for sex, age, reason for drainage, type of shunt, time in situ and duration of surgery to place
the EVD. Binomial logistic regression for confounder adjustment and regression discontinuity analyses were then
performed on the matched cohort.

Results Infections occurred more frequently in the pre-protocol group (23% vs 9%, p < 0.001). The incidence of infec-
tion was 33/1000 drain-days pre-protocol and 9/1000 drain-days post-protocol. Regression analysis in a propensity
score-matched cohort (n=103 in the pre- and n= 178 in the post-protocol groups) showed that the pre-protocol
period was independently associated with more infections (OR 2.69; 95%-Cl 1.22-5.95, p=0.01).

Conclusions The incidence of secondary EVD infections can be reduced significantly by the implementation of a
strict hospital-wide EVD handling protocol.

Keywords External ventricular drainage, EVD handling protocol, Meningitis, Ventriculitis, Central nervous system
infection, Protocol, Quality improvement
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Introduction

Ventriculostomy with an external ventricular drain
(EVD), is a common neurosurgical procedure to relieve
and/or monitor increased intracranial pressure through
constant or intermittent cerebrospinal fluid (CSF) drain-
age. Secondary meningitis and/or ventriculitis are well-
known complications and account for a high morbidity
and mortality [1]. Additionally, these infections are asso-
ciated with longer intensive care unit and hospital stay,
and increased health care costs [2, 3]. EVD infection rate
has been reported to occur in as low as 0%, and in as high
as 52% of patients [4—6].

Many methods to prevent EVD infections are avail-
able, from more general measures, such as rigorous dis-
infection of the skin, pre- and peroperative prophylaxis
and shortening the duration of the procedure. Others are
more specific, such as, antibiotic impregnated shunts [2],
prolonged prophylactic antibiotics [3], or combinations
of these in protocols [4, 7, 8]. Obviously, mere individual
application of these measures may not be sufficient and
a protocol may be required. In recent years, many such
protocols have been published [3, 4, 6-10] resulting in
rates as low as 0% after implementation being reported
[4].

In an earlier paper, we have audited our practice and
reported a high incidence rate of EVD infection, 23.2%
[1]. Our study aim was to test the hypothesis that in this
before —after intervention study, the implementation of a
hospital-wide EVD protocol would result in fewer EVD
infections.

Methods

This study was conducted in the Erasmus MC University
Medical Center in Rotterdam, the Netherlands (Eras-
mus MC), a tertiary, academic, level I trauma center.
We designed a quasi-experimental temporal study: a
prospective observational cohort was compared with
historical controls, of which data were derived from
the patient record system and stored in a separate data-
base. This database was also used for our previous study
and updated prospectively [1]. The pre-protocol group
included patients with an EVD from January 2000 until
April 2005 and the post-protocol group included patients
with an EVD from January 2007 until June 2012. The
study was deemed IRB exempt by the medical ethics
committee of the Erasmus MC.

Patient demographics, underlying diagnosis, the use
of prophylactic antibiotics, type of drainage (Rickham
reservoir or EVD), frequency of CSF sampling, irriga-
tion, and CSF leakage, period of drainage, as well as the
outcome secondary infection were recorded. Two inves-
tigators (DH an EdSR) collected all data consistent with
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the criteria proposed. The exclusion criteria were: 1)
age < 18years, 2) pre-existent CSF infection.

EVD surgical protocol

Placement of the ventriculostomy follows standard EVD
protocol placement. Thirty minutes prior to incision, all
patients receive either a single intravenous dose of 2g
Cefazolin or, in case of an allergy, 600 mg of Clindamy-
cin or 1000 mg flucloxacilline. After liberal hair removal
through clipping and rigorous disinfection and draping
with standard sterile techniques, a skin incision is made
centered around Kocher’s point. After burr hole place-
ment, the dura is opened using monopolar coagulation.
Depending on the underlying diagnosis and attending
neurosurgeon, a subcutaneously tunneled EVD (at least
5cm from the surgical insertion site) or a Rickham reser-
voir for percutaneous CSF drainage is inserted. In more
recent years, tunneled EVDs represent the norm and
Rickham reservoirs are largely abandoned, save for very
specific cases.

For a subcutaneously tunneled EVD we use a linear
incision. After obtaining CSF, the catheter would be then
tunneled 5-6 cm from the insertion site and connected to
an external CSF drainage system (Duet External Drain-
age and Monitoring System, SmartSite Injection Sites,
Medtronic Inc., Minneapolis, MN, USA). The catheter is
sutured to the skin to prevent dislodgment and a sterile
nonocclusive dressing was applied. In case of a Rickham
reservoir with percutaneous drainage a semicircular inci-
sion would be used. After skin closure, the Rickham res-
ervoir would be pierced with a winged infusion needle
(either a 21-gauge Venofix set, Braun Medical Industries,
Melsungen, Germany or a BD Value-set, Becton, Franklin
Lakes, NJ, USA), and subsequently connected to an exter-
nal CSF drainage system.

Intervention: post-operative EVD handling protocol

The intervention constituted of a care bundle (Table 1),
that addressed different aspects of post-operative EVD
care: head dressing, frequency of CSF sampling, han-
dling of CSF sampling, treatment of meningitis and EVD
flushing.

Cerebrospinal fluid (CSF) would be sampled according
to a written protocol, at the time of insertion, when infec-
tion is suspected, 48—72hours after initiation of antibi-
otic treatment, and upon removal of the EVD.

In the pre-protocol period CSF would be routinely
sampled three times a week. In the post-protocol era,
CSF would only be collected in case meningitis was
strongly suspected based on clinical symptoms and other
infection foci had been excluded.

The CSF samples would be collected via the proximal
3-way needleless stopcock by a neurosurgical trainee or
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Table 1 The intervention bundle and differences when compared to the pre-protocol phase

Area of intervention Pre-protocol

Post-protocol

Head dressing No formal recommendation

Sterile dressing as long as EVD remains in situ, changed every 72 hours, except for cases

where EVD malfunction or hemorrhage is suspected.

CSF tapping Daily CSF tapping

Only when all other infection foci have been excluded and there are clinical symptoms

that suggest meningitis

Handling of CSF tapping No formal recommendation

Meningitis treatment strategy ~ No formal recommendation

EVD flushing No formal recommendation

Sterile gloves, multiple disinfection moments before tapping
Multidisciplinary meetings with infectiologists
Use of sterile gloves, multiple disinfection moments

physician assistant following strict aseptic measures.
The rubber sealed cap would be disinfected with alcohol
70% and a total of 5mL CSF would be sampled and sent
to the medical microbiology laboratory for Gram’s stain,
culture, cell count, and for chemical analyses on glucose,
and protein concentration. Catheters were left in place
if clinically indicated and changed only if they malfunc-
tioned or in cases of highly potent infections. Infection
treatment strategies were discussed regularly during
multidisciplinary meetings with the infectious disease
specialists. Drain blockage would usually be resolved by
flushing the drain with 2mL sterile 0.9% NaCl, following
the same aseptic protocol.

Definition of EVD secondary infection

Infection was defined according to the Centers for Dis-
ease Control and Prevention (CDC) criteria [11], as a
positive CSF culture on the day that the sample was
obtained and at least two symptoms of meningitis. The
term contamination was used when a patient had only
one positive CSF culture for a common skin pathogen,
the results of consecutive samples were negative, and no
treatment had been started.

Statistical analysis and propensity score matching

All patient and disease demographics, as well as EVD
data (CSF leakage, infection, frequency of CSF sampling,
and number of catheter days) were evaluated. Continuous
values were expressed as median=+interquartile range
(IQR) and compared using analysis of variance and Stu-
dent-t test. Non-parametric data were compared using x>
tests or the Mann Whitney U test. Significant (p< 0.01)
associations identified by univariate analysis were fur-
ther assessed by binomial logistic regression analysis to
determine the independent predictors of an EVD related
infection. Furthermore, propensity score matching was
used to create two groups balanced for the confounders
we measured in the two groups. The two groups were
matched for sex, age, reason for drainage, type of shunt,
time in situ and duration of surgery to place the EVD.
As we did not have a sample size large enough to easily

create balanced groups, we chose a wider caliper, equal to
0.25 times the standard deviation of the propensity score.
Furthermore, to minimize the mean squared error we
subsequently used a 1000 sample bootstrapped binomial
logistic regression model for confounder adjustment on
the matched cohort. Results of these associations were
expressed as odds ratios (OR) and their 95% confidence
intervals (95%-CI). A p-value <0.05 was considered
significant.

Results

We included a total of 409 patients, of which the pre-pro-
tocol group consisted of 228 patients and the post-proto-
col group of 181 patients.

EVDs were mainly placed in the context of emergency
surgery (Tables 2 and 3) in both the pre- and post-proto-
col period. In total, there were 53/228 (23%) EVD-related
infections in the pre-protocol patient group and 16/181
(9%) EVD-related infections in the post-protocol patient
group, respectively (p< 0.001). After ventriculos-
tomy placement, the infection was diagnosed, 8.0£9.0
(mean+ —SD) days for the pre-protocol group and
9.51+10.0days for the post-protocol group. In the pre-
protocol period 82% of patients received Flucloxacillin or
amoxicillin/clavulanic acid as perioperative prophylaxis,
compared to only 2% of patients in the post-protocol
period. Patients in the post-protocol era were adminis-
tered Cefazolin as perioperative prophylaxis in 95% of
cases, compared to only 13% in the patients of the pre-
protocol group.

The most common bacteria found in cultures taken
from patients with secondary infected EVDs were coagu-
lase negative staphylococci. The prevalence of contami-
nated samples was not significantly different between the
pre- and post-protocol groups (p=0.36).

Using a regression discontinuity design and binomial
logistic regression analysis, before and after propensity
score matching (Tables 4 and 5), factors significantly
associated with EVD infections were the pre-protocol
phase, the presence of a CSF fistula, and the number of
times CSF was sampled.
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Table 2 Patient demographics and EVD (external ventricular drain) catheter data for the entire cohort (n=409)
Pre-protocol Post-protocol p -value
n=228 n=181
Patient factors
Sex: Male (%) 50 44 0.31
Age (year; median [IQR]) 60 [49-70 56 [47-66) 0.006
Emergency surgery (%) 95 86 <0.001
Indication for EVD (%) < 0.001
SAH/IVH 48 60
Tumor 10 12
Trauma 3 9
Other® 39 19
Catheter factors
Surgeon <0.001
PGY 1-3 26 39
PGY 4-6 35 18
Neurosurgeon 39 43
Tunnelled EVDP (%) 47 80 <0.001
Operating time (min; median [IQR]) 66 [54-80] 73 [58.5-96] 0.005
Prophylactic antibiotics (%) 38 86 <0.001
CSF leakage (%) 10 13 0.52
Frequency of CSF sampling (median £ 1QR) 101-3] 101-2] 0.07
Duration of drainage (days; median £ 1QR) 55[2-12] 7 [3-12] 0.11

Shown are median values + interquartile ranges (IQR). The percentage between brackets is the percentage of patients within that group. P-values represent the
results of univariate analysis of the respective parameter. A p-value of <0.05 was considered significant

CSF cerebral spinal fluid, EVD external ventricular drainage, /VH intraventricular hematoma, SAH subarachnoid hemorrhage, PGY post graduate year of the surgeon,

Min minutes

?includes infratentorial intracerebral hematoma (38.4%), supratentorial intracerebral hematoma (23.3%), cerebellar infarction (17.8%), colloid cyst (5.5%),

ventriculoperitoneal shunt malfunction (4.1%), and miscellaneous (11.0%)

b the remaining percentage received a Rickham reservoir

Discussion

In a quasi-experimental design, using a before-and-after
cohort, we showed a reduction of the odds for secondary
meningitis, with the period before use of handling pro-
tocol being significantly associated with a higher odds of
secondary meningitis.

Infection rate

Compared to our previous retrospective single center
study [1] the incidence of EVD related infection is
decreased from 23 to 9% with the use of a strict EVD
handling protocol. Various protocols and strategies are
being used worldwide in an effort to reduce the preva-
lence of secondary meningitis [4, 7, 8].

It is quite difficult to point out exactly which of the
interventions we have implemented as part of the bun-
dle is the single most important one. Raising awareness
to the possibility of contamination of the catheter system
which can result in a secondary meningitis might be one
of the main drivers of the reduced number of infections

[12]. This issue is likely a major factor contributing to
success, the so-called Hawthorne effect [13]. Simply rais-
ing awareness and measuring an outcome might lead to
improvement.

We consider the reduction of the frequency of CSF
sampling as an essential contribution to lowering the
infection incidence rate. Indication to sample CSF is
now restricted to cases for which meningitis is sus-
pected based on clinical symptoms and all other infec-
tion foci have been ruled out. The number of times
CSF was sampled was an independent risk factor for
infection and thus should be avoided unless absolutely
necessary as even sterile manipulation or dressing dis-
ruptions are a known risk factor for contamination of
the catheter [14].

Healthcare-related infections have a deleterious effect
on the postoperative course and may lead to serious mor-
bidity and mortality of neurosurgical patients.

Despite being one of the “routine” neurosurgical pro-
cedures, the costs associated with developing second-
ary meningitis from an EVD are very high, estimated
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Table 3 Patient demographics and EVD (external ventricular drain) catheter data for the matched cohort (n=281)
Pre-protocol Post-protocol p -value
n=103 n=178
Patient factors
Sex: Male (%) 50 44 0.32
Age (year; median [IQR]) 59 [49-69] 56 [47-66) 0.30
Emergency surgery (%) 100 85 <0.001
Indication for EVD (%) 0.01
SAH/IVH 50 60
Tumor 13 12
Trauma 3 9
Other® 34 19
Catheter factors
Surgeon 0.1
PGY 1-3 35 40
PGY 4-6 27 16
Neurosurgeon 38 44
Tunnelled EVDP (%) 57 81 <0.001
Operating time (minutes; median [IQR]) 69 [54-82] 73 [58-94] 0.053
Prophylactic antibiotics (%) 49 86 <0.001
CSF leakage (%) 9 13 0.35
Frequency of CSF sampling (median [IQR]) 1[0-3] 1[0-2] 0.07
Duration of drainage (days; median [IQR]) 5[2-12] 7[3-12] 0.13

Shown are median values + interquartile ranges (IQR). The percentage between brackets is the percentage of patients within that group. P-values represent the
results of univariate analysis of the respective parameter. A p-value of <0.05 was considered significant

CSF cerebral spinal fluid, EVD external ventricular drainage, /VH intraventricular hematoma, SAH subarachnoid hemorrhage, PGY post graduate year of the surgeon,

Min minutes

?includes infratentorial intracerebral hematoma (38.4%), supratentorial intracerebral hematoma (23.3%), cerebellar infarction (17.8%), colloid cyst (5.5%),
ventriculoperitoneal shunt malfunction (4.1%), and miscellaneous (11.0%)

b the remaining percentage received a Rickham reservoir

Table 4 Binomial logistic regression model with covariates associated with the risk of an EVD-related infection (n =409, entire cohort,

bootstrapped with 1000 samples)

OR 95%-Cl p -value
CSF fistula 213 0.88-5.16 0.09
No Protocol 2.69 1.22-5.95 0.01
Junior resident performing surgery 0.87 0.39-1.96 0.75
Senior resident performing surgery 0.76 0.39-1.96 0.51
Staff member performing surgery Reference category
Times CSF sampled 1.55 1.28-1.88 <0.0001
Duration of drainage 1.03 0.98-1.08 0.21
EVD placement for SAH 0.50 0.25-1.09 0.08
EVD placement for tumor 0.25 0.19-18.52 0.25
EVD placement for other types of hydrocephalus Reference category

OR odds ratio, and 95%-Cl 95 percentage confidence interval, CSF cerebrospinal fluid, EVD external ventricular drainage, SAH subarachnoid hemorrhage

at around 2800 euro per infected patient in the Nether-
lands. From a health economics perspective, minimal
interventions and changes in practice may lead to a large
benefit, both for the patients and for the rising healthcare

costs.

Study limitations

Our study has the following limitations: the retrospec-
tive nature, which favors confounding by indication and
missing values. Confounding by indication is always pre-
sent in observational studies and in this respect, we have
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Table 5 Binomial logistic regression results applied to the propensity score- matched cohort (n =281, with bootstrapping)
p-value OR 95% Confidence Interval
Noprotocol 0.008 337 1.36-8.29-0.61
CSF fistula 0.03 332 1.12-9.81 -5.86
Duration of drainage 0.90 1.00 0.93-1.07
Number of times CSF sampled <0.001 1.63 1.25-2.13
Junior resident performing surgery 0.98 0.99 0.38-2.54
Senior resident performing surgery 0.86 1.10 0.37-3.21

Staff member performing surgery

Reference category

performed propensity score matching in order to try to
achieve groups balanced with respects to measured con-
founders. Unmeasured confounding and the wide con-
fidence intervals prevent us from making very definitive
causal statements, but the direction of the effect and
effect size are consistent between the unmatched and
matched groups, strengthening our confidence in these
results.

The intervention consists of a bundle, and we cannot
be certain which parts of the bundle were essential for
the reduction in the infection rates and which were not.
We cannot definitively infer that the reduction is based
on the protocol itself or the awareness it created. We
also do not have full data on protocol adherence, but the
neurosurgical trainees and PAs were the only profession-
als handling the EVDs and in this group adherence was
>90%, according to an internal 2013 audit.

Conclusions

We showed a significant decrease in the incidence rate
of EVD-related infections after the implementation of
a hospital-wide EVD handling protocol. Further studies
should seek to unravel the relative contributions of the
bundle elements to risk reduction. Innovative ways to
further decrease the risk of secondary EVD-related infec-
tions are needed.

Acknowledgments
None.

Authors’ contributions

Data collection, data extraction, drafting the original manuscript (DH), study
supervision, data analysis, reviewing the manuscript, accepting the final
version on behalf of all authors (VV), data extraction (EDSR), revising the
manuscript (AFH), study supervision, revising the manuscript (CD), revising the
manuscript (GV), study supervision, data analysis, revising the manuscript (RD).
All authors approved the final version of the manuscript.

Funding
No funding was received for this study.

Availability of data and materials
Data may be made available upon written reasonable request to the cor-
responding author.

Declarations

Ethics approval and consent to participate

All human studies have been deemed exempt from IRB approval by the
appropriate ethics committee and have therefore been performed in accord-
ance with the ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments. The study was deemed exempt from IRB approval
as it only used data routinely collected for quality assurance purposes.

Consent for publication
No identifying patient data is available in this study.

Competing interests

All authors certify that they have no affiliations with or involvement in any
organization or entity with any financial interest (such as honoraria; educa-
tional grants; participation in speakers'bureaus; membership, employment,
consultancies, stock ownership, or other equity interest; and expert testimony
or patent-licensing arrangements), or non-financial interest (such as personal
or professional relationships, affiliations, knowledge or beliefs) in the subject
matter or materials discussed in this manuscript.

Received: 31 May 2022 Accepted: 11 January 2023
Published online: 23 January 2023

References

1. Hoefnagel D, Dammers R, Ter Laak-Poort MP, Avezaat CJ. Risk factors
for infections related to external ventricular drainage. Acta Neurochir.
2008;150(3):209-14 discussion 214.

2. Edwards NC, Engelhart L, Casamento EM, McGirt MJ. Cost-consequence
analysis of antibiotic-impregnated shunts and external ventricular drains
in hydrocephalus. J Neurosurg. 2015;122(1):139-47.

Alleyne CH Jr, Hassan M, Zabramski JM. The efficacy and cost of prophy-
lactic and perioprocedural antibiotics in patients with external ventricular
drains. Neurosurgery. 2000;47(5):1124-7 discussion 1127-1129.

4. Flint AC, Toossi S, Chan SL, Rao VA, Sheridan W. A simple infection control
protocol durably reduces external ventricular drain infections to near-
zero levels. World Neurosurg. 2017,99:518-23.

5. Ramanan M, Lipman J, Shorr A, Shankar A. A meta-analysis of ventriculos-
tomy-associated cerebrospinal fluid infections. BMC Infect Dis. 2015;15:3.

6. Kitchen WJ, Singh N, Hulme S, Galea J, Patel HC, King AT. External ven-
tricular drain infection: improved technique can reduce infection rates. Br
J Neurosurg. 2011;25(5):632-5.

7. Flint AC, Rao VA, Renda NC, Faigeles BS, Lasman TE, Sheridan W. A simple
protocol to prevent external ventricular drain infections. Neurosurgery.
2013;72(6):993-9 discussion 999.

8. Leverstein-van Hall MA, Hopmans TE, van der Sprenkel JW, et al. A bundle
approach to reduce the incidence of external ventricular and lumbar
drain-related infections. J Neurosurg. 2010;112(2):345-53.

9. Korinek AM, Reina M, Boch AL, Rivera AO, De Bels D, Puybasset L. Preven-
tion of external ventricular drain--related ventriculitis. Acta Neurochir.
2005;147(1):39-45 discussion 45-36.



Hoefnagel et al. BMC Neurology

(2023) 23:36

Dasic D, Hanna SJ, Bojanic S, Kerr RS. External ventricular drain infection:
the effect of a strict protocol on infection rates and a review of the litera-
ture. Br J Neurosurg. 2006;20(5):296-300.

. Tunkel AR, Hasbun R, Bhimraj A, et al. 2017 Infectious Diseases Society of

America’s clinical practice guidelines for healthcare-associated Ventriculi-
tis and meningitis*. Clin Infect Dis. 2017;64(6):e34-65.

Pronovost P, Needham D, Berenholtz S, et al. An intervention to decrease
catheter-related bloodstream infections in the ICU. N Engl J Med.
2006;355(26):2725-32.

Sedgwick P, Greenwood N. Understanding the Hawthorne effect. BMJ.
2015;351:h4672.

Timsit JF, Bouadma L, Ruckly S, et al. Dressing disruption is a major risk
factor for catheter-related infections. Crit Care Med. 2012;40(6):1707-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Impact of an external ventricular shunt (EVD) handling protocol on secondary meningitis rates: a historical cohort study with propensity score matching
	Abstract 
	Background 
	Patients and methods 
	Results 
	Conclusions 

	Introduction
	Methods
	EVD surgical protocol
	Intervention: post-operative EVD handling protocol
	Definition of EVD secondary infection
	Statistical analysis and propensity score matching

	Results
	Discussion
	Infection rate
	Study limitations

	Conclusions
	Acknowledgments
	References


