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Abstract

Background Data on time-dependency of external

ventricular drainage (EVD)- and lumbar drainage (LD)-

associated meningoventriculitis (MV) are scarce and dis-

cussions on the subject are controversial; no data exist for

infection rates (IR) relative to drainage-days. For this reason,

we conducted an observational study to determine time-

dependent IRs and to perform a risk factor analysis.

Patients and methods All patients (n = 210) requiring an

EVD or LD during an 18-month period in 2007 and 2008

were enrolled and characterized. Data on type and duration

of drainage, ICP measurement, number of drainage manip-

ulations, hospital stay and time point of MV were analysed

statistically.

Results A total of 34 MV cases were reported with 17 for

each kind of drainage accounting for an IR of 7.5 and 24.7

MV/1000 EVD- and LD-days, respectively. Of these, 28/34

MV (82%) occurred within the first 12 days, and IRs were

highest between days 4 and 9. Longer drainage duration

([5 and [9 days, respectively) was correlated with a sig-

nificant lower risk of MV (p = 0.03; p \ 0.001). In this

study, significant risk factors for MV were LD [vs. EVD,

OR: 2.3 (1.1–4.7); p = 0.01], a previous MV [OR: 7.0

(2.1–23.3); p = 0.002], and neoplasm [OR: 11.6 (3.4–39);

p = 0.001]. Simultaneous drainage, ICP and a previous

drainage showed no influence on infection.

Conclusion To the best of our knowledge, this study is

the first to provide data on time dependency of EVD- and

LD-associated MV-IR based on drainage-days. However,

because of the limited scale of our study, it would be

desirable to confirm these results in a more powerful larger

study. In conclusion, we recommend that future efforts

should be made to better identify preventable risk factors as

well as to define time periods of higher risk for the diffi-

cult-to-diagnose MV infection as a first step in profiling

high risk patients.

Keywords Meningitis � Venticulitis �
Nosocomial infection � Intensive care unit �
Device-associated � Infection � Infection rate � Surveillance

Introduction

External ventricular drainage (EVD)- and lumbar drainage

(LD)-associated infections are a serious problem in up to

40% of patients, and early diagnosis is difficult [1, 2].

Currently, only a few studies have been published on the

time dependence of EVD- and LD-associated meningo-

ventriculitis (MV), and these are often controversially

discussed [3–8]. The first infection rates (IRs) correlating
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the number of infection with the number of drainage-days

(DD), have been published only recently [9]. Moreover,

time-dependent MV-IRs are lacking. Further, risk factor

analysis data of EVD- and LD-associated MV, taking into

account such factors as total time of drainage, intracerebral

pressure (ICP) and number of drainages, are also scarce

[3, 4, 6].

A guideline recommending routine drainage exchange

after five days has been implemented in some health cen-

tres; however, a comparison of MV incidences with and

without routine exchange has revealed no differences [1,

10]. To date, the impact of previous drainage, total time of

drainage, ICP at the time of drainage as well as number of

drainages, has yet to be clearly defined [3–10]. For device-

associated infections, IRs correlating infections with device

days are the gold standard [9, 11, 12]. Therefore, we

conducted a prospective study in which we correlated

EVD- and LD-associated infection rates (IRs) with drain-

age duration in order to determine the time period associ-

ated with the highest risk. To extend our risk factor

analysis, we also took into account previous and simulta-

neous periods of drainage as well as the ICP measurement

at the time of drainage.

Patients and methods

All patients (n = 210) having an EVD or LD in the neu-

rosurgery intensive care unit at a tertiary care centre

(University Hospital, RWTH Aachen) during an 18-month

period in 2007 and 2008 were enrolled. Admitting diag-

noses of patients with drainage therapy were subarachnoid

haemorrhage (SAH: 42%), intracerebral haemorrhage

(ICB: 26%), traumatic brain injury (TBI) with SAH (9%),

neoplasm (6%; comprising 9 primary brain tumours: 4

meningioma, 2 astrocytoma, 1 glioblastoma, 1 neurinoma,

1 neurocytoma, and 4 brain metastases), TBI with sub-

dural/epidural haemorrhage (5%), SAH ? ICB (4%), TBI

without bleeding (3%) and others (5%). Data on type and

duration of drainage, ICP measurement, number of drain-

age manipulations, hospital stay and occurrence of MV

were recorded and analysed statistically (Students’

unpaired t-test, Wilcoxon rank sum test, squared Chi-test).

The ‘‘Portex Epidural Catheter’’ and ‘‘Liquor Drainage

Catheter Set’’ (both Smiths Medical, Kirchseeon, Germany)

were used for EVD (n = 158) and LD (n = 79), respec-

tively. Patients with Rickham reservoir were excluded.

Neither antibiotic nor silver-impregnated catheters were

used. A written protocol was followed for drainage place-

ment without longer tunnelling. No prophylactic antibiotics

were given and no catheter changes were performed

prophylactically. Cerebrospinal fluid (CSF) analysis was

routinely carried out 3 times a week and at additional times

if MV was suspected. MV was defined according to a

modified CDC definition: isolation of the pathogen (CSF)

or a combination of (1) clinical symptoms, (2) at least one

pathological laboratory test (CSF: e.g. decreased glucose

level) and (3) initiation of antibiotics for suspected MV

[12]. For skin commensals, diagnosis required isolation

from at least two subsequent CSFs or the presence of

clinical symptoms [9].

Results

Total drainage time amounted to 2,954 DDs (EVD: 2,267;

LD: 687) and duration was significantly longer for

EVD (14.3 ± 9.3 days) than for LD (8.7 ± 7.6 days;

p \ 0.0001). A total of 34 MV cases were reported with 17

for each kind of drainage, accounting for IRs of 7.5 and

24.7 MV/1,000 EVD- and LD-days, respectively. Of these,

28/34 MV (82%) occurred within the first 12 days, and IRs

were highest between days 4 and 9 (10 with each kind of

drainage). Time dependence, daily and cumulative inci-

dences and time-dependent IRs are shown in Fig. 1.

For EVD, duration of an individual drainage was sig-

nificantly shorter in the infected compared to the non-

infected patients (9 ± 6 days vs. 15 ± 9 days; p = 0.012).

Longer drainage duration ([5 and [ 9 days, respectively)

was observed to produce a significantly lower risk of MV

for EVD (p = 0.01; p \ 0.001) and for all drainages

(p = 0.03; p \ 0.001).

Simultaneous drainage, ICP and a previous drainage

were found not to increase the risk of MV. In contrast,

significant risk factors were LD (vs. EVD), a previous MV

(for LD and for all drainages), neoplasm (EVD) or ICB

(LD, all drainages). Finally, the length of stay was signif-

icantly longer in MV patients (42 ± 30 vs. 28 ± 19 days;

p = 0.001). For risk factor analysis see Table 1.

The 34 MV cases occurred in 28 patients with 4 patients

(14%) having more than one episode with different

pathogens. In 20 MV cases (59%) a single pathogen was

isolated, in one MV case a polymicrobial spectrum was

detected. Coagulase negative staphylococci (CoNS) dom-

inated (9/20; 45%), followed by: S. aureus (4/20; 20%);

E. coli (3/20; 15%); Enterobacter cloacae (2/20; 10%); and

Acinetobacter calcoaceticus-complex, Candida albicans,

Enterococcus faecalis and Klebsiella pneumoniae (all

1/20: 5%). Single isolation of skin commensals without

symptoms were excluded as contaminants (n = 10) [9].

Discussion

Previous investigations have reported that longer drainage

duration represents no increased risk of MV infection
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[3–8]. Additionally, we found that the risk of becoming

infected with MV was significantly lower after day 9 of

EVD. The shorter duration of EVD in infected compared to

non-infected patients may be due to the removal or change

of EVD in the case of MV. For other invasive devices, such

as central line catheters, the IRs correlating the number of

infections with the number of device days represent the

best parameter for documenting the burden of infection [9,

12]. EVD-associated IRs were highest between days 4 and

9 of EVD (12.32 for days 3–6; 14.49 for days 7–9) and

were lower before and afterwards. Interestingly, using

incidences, some reported a decrease of MV after the first

week [8, 9, 13], whereas others concluded that longer

duration of drainage does indeed affect the chances of

infection [4, 5, 14]. This may be partly explained by the

practice of long-tunnelling, which seems to be associated

with a time shift to a later occurrence of MV [15]. In line

with our previous study [9], LD was found to be associated

with a significantly higher risk of MV compared to EVD

(IRs: 7.5/1,000 EVD days vs. 24.75/1,000 LD days; OR:

2.3; CI-95: 1.1–4.7; p = 0.01). Although the cause is

currently not clear to us, it may be due to the higher risk of

contamination associated with the internal position of the

LD compared to the external position of the EVD. Despite

this difference, time-dependency during the first 10 days

seemed to be similar for EVD and LD. However, due to the

limited number of EVDs and especially LDs, this finding is

preliminary and therefore needs confirmation.

The risk factor analysis revealed that simultaneous or

previous drainage, as well as simultaneous ICP measure-

ment, did not influence MV. The findings for EVD are in

accordance with previous studies [1, 2, 13], although Lo

et al. reported previous EVDs, the cumulative number of

EVDs and a previous MV infection as risk factors [7].

Interestingly, a previous MV infection acted as a risk factor

only for LD. This finding may be due to replacement of an

infected EVD, usually by LD; hence, our number of EVD

patients was thereby simultaneously reduced. Moreover,

also unlike Lo, et al., we did not identify the female sex as

a risk factor [7]. However, we did find that patients suf-

fering from neoplasm (for EVD) or from ICB (for LD) had

a significantly higher risk for MV, in line with a previous

study [9]. However, we found that patients with MV had a

significantly longer hospital stay (42 vs. 28 days;

p = 0.001) as also shown in other studies [4, 9].

To the best of our knowledge, this study represents the

first to provide data correlating EVD- as well as LD-

associated MV-IRs calculated with the duration of drain-

age. MV was increased by (1) LD in comparison to EVD

(OR: 2.3; p = 0.01), (2) a previous MV (for LD, OR: 6.04;

p = 0.017), and (3) the underlying disease. Comparison of

MV-IR with drainage time revealed the highest IRs to be

Fig. 1 Time dependent analysis of drainages, infections, incidences and stacked infection rates for EVD (top) and LD (bottom); IR infection

rate: no� infections/1,000 drainage-days
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between days 4 and 9 for both EVD and LD. Later on, the

risk of MV seemed to be lowered (EVD: [9 days: OR:

0.18; p = 0.001). Moreover, simultaneous or previous

drainage, as well as ICP sensor or number of manipula-

tions, did not increase the risk of MV in our patient group,

thus suggesting some characteristics for identifying

patients at highest risk. However, because of the limited

scale of our study, it would be desirable to confirm these

results in a more powerful larger study. In conclusion, we

recommend that future efforts should be made to better

identify preventable risk factors, as well as to define time

periods of greater susceptibility for the difficult-to-diag-

nose MV infection as a first step in profiling high risk

patients.

Conflict of interest statement None.
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