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Summary

Objective. The purpose of this study was to test if a reduction of

external ventricular drains (EVD) related ventriculitis could be achieved

by a strict protocol of care and if protocol violation was associated with

a higher incidence of EVD-related ventriculitis.

Methods. A written protocol for EVD insertion, nursing and surveil-

lance was implemented. A retrospective comparison of EVD-related

ventriculitis incidence was performed between control (161 EVD in

131 patients) and study periods (216 EVD in 175 patients). Risk factor

analysis was performed in patients in whom an EVD was inserted during

the study period including the relationship between protocol compliance

and ventriculitis. A score for the number of protocol violations (absence

of hair clipping, absence of a tunnelled EVD, absence of shampooing,

incorrect dressing change, inappropriate CSF bag or tap samplings and

EVD manipulation) was established for each patient.

Results. Incidence of patient-related ventriculitis decreased from

12.2% (1999) down to 5.7% (p<0.05) as well as incidence of EVD-

related ventriculitis (9.9% vs 4.6%, p<0.05). During the study period,

the only statistically significant risk factors for infection were CSF leak

and protocol violations. The mean protocol violation score was 4 times

higher in the infected versus the non-infected patients (p<0.0001).

Patients with a violation score of 0 or 1 had no infection (EVD duration

2 to 42 days).

Conclusion. EVD can be left safely, as long as needed, provided that

meticulous care is taken for EVD insertion and nursing. EVD duration

seems to have no effect on infection incidence.

Keywords: CNS infection; ventriculitis; external ventricular drain;

nursing protocol; CSF leak; head trauma.

Introduction

External ventricular drains (EVD) are widely used to

control hydrocephalus associated with tumour or sub-

arachnoid haemorrhage and to monitor intracranial pres-

sure in patients with severe head trauma. In this latter

case, the main advantage of EVD, compared to intrapa-

renchymal pressure monitors, is to allow cerebrospinal

fluid (CSF) drainage, thus helping to control rises of

intracranial pressure. However, the high incidence of

infectious complications, reported to range from 4%

up to more than 20%, with a mean value of approxi-

mately 10% [2–5, 7–9, 13–15], remains a major draw-

back of this technique that has limited in the last years

its clinical use and acceptance. To our knowledge, there

are no consensual guidelines about EVD care, and prac-

tices often rely on habits rather than on evidence based

studies.

In 1999, 161 EVD were placed in 131 patients in our

unit. Sixteen cases of EVD-related ventriculitis were

recorded in the routine surveillance file of post-surgical

infections, giving a cumulative infection incidence of

12.2% per patient and 9.9% per procedure. These infec-

tion rates were considered as unacceptable and it was

decided to standardize EVD placement and care accord-

ing to a rigid protocol applied as of January 2000. The

main objectives of this study were to test the hypothesis

that this protocol would reduce the incidence of EVD-

related ventriculitis and to evaluate prospectively the

risk factors for infection with this new protocol.

Patients and methods

Description of the study protocol for EVD management

EVD insertion

All EVD were inserted in the operating theatre. Hair was entirely

clipped and then shampooed with Betadine ScrubTM; the scalp was

disinfected with iodine alcohol twice. The catheter was inserted into

the lateral ventricle usually in the right frontal horn, through a 4 mm burr

hole. After insertion, the EVD catheter was tunnelled laterally under the



scalp for a few centimetres. The drainage system (DE 210, Sophysa,

Orsay, France) was then connected to the catheter, and proximal and

distal three-way taps were protected in a sterile box (RP 1000, Asept

In.Med, Le Faget, France). A sterile dressing, covering the entire head

was applied. A CSF sample was systematically sent to the laboratory for

biochemistry, cell count, Gram staining and culture. If necessary, a

pressure line was connected to the proximal three-way tap (Transpac+,

ABBOTT, Sligo, Republic of Ireland), after sterile saline rinse of the line

by the surgeon. Prophylactic antibiotics were given only for emergency

EVD (single dose of 2 g=200 mg amoxicillin and clavulanic acid given

in the operating theatre before scalp incision).

EVD cares

In the intensive care unit, head dressing was changed every 3 days,

and the hair shampooed every 6 days throughout the period the EVD

was in place. The closed drainage system was strictly respected:

switching between pressure monitoring and CSF drainage was done

by clamping the drainage tubing, with no manipulation of the 3-way

tap; the drainage bag was emptied only when it was full. Manipulations

were strongly discouraged: rinsing of the catheter was forbidden. If

drainage stopped, a CT scan of the brain was performed to determine if

the catheter was still in place or if the ventricles were collapsed. In this

latter case, the catheter was left in place. In case of catheter displace-

ment or complete blockage, a new EVD was inserted on the opposite

side.

Routine cultures of CSF were not performed because they were felt

as a possible way of contamination of the drainage system and they

seemed to be of no value according to the literature [6, 13]. A CSF

sample was drawn from the drainage bag if the patient had fever or

alteration of neurological status with no other apparent cause. If the

CSF was abnormal (positive gram staining or increased white cell

count), a CSF sample was aseptically taken through the proximal 3-

way tap. At EVD removal, every catheter was sent for culture and the

skin was carefully sutured.

EVD surveillance

A special file for EVD surveillance was instituted and prospectively

filled. The file included: respect of surgical protocol (hair clipping and

tunnelled catheter), dates of dressing changes and shampoos, forbidden

manipulations, CSF samplings, EVD bag emptying, daily maximal tem-

perature, CSF aspect and volume, cause of EVD removal, result of

catheter culture and presence of a CSF leak. When a patient needed

more that one EVD, a new EVD file was completed for each new

procedure.

The protocol, written by an intensivist (AMK), a surgeon (ALB) and

intensive care nurses was presented to the entire staff in December 1999,

and implemented in January 2000.

Description of previous EVD care (control period:

January to December 1999)

No written standardized protocol was applied, and EVD were man-

aged according to service usage. The main differences as compared to

the study protocol were as follows:

EVD insertion

Insertion was performed in the operating theatre, but hair was not

clipped nor shaved, except around the burr hole. Hair was shampooed

with Betadine ScrubTM in the operating theatre, and the scalp around the

surgical incision was disinfected twice with iodine alcohol. After inser-

tion, the EVD catheter was not tunnelled.

EVD care

In the intensive care unit, the head dressing was changed every 2

days. Hair was not shampooed during all EVD duration. The drainage

bag was emptied every day. If drainage stopped, the system was

unblocked by syringe aspiration and=or saline injection. In case of

catheter displacement or complete blockage, a new EVD was inserted

on the opposite side of the head. The switch between intracranial

pressure measurement and CSF drainage was made by turning the

proximal 3-way tap.

Routine cultures of CSF were performed every two days by a CSF

sample drawn either from the drainage bag or through the proximal 3-

way tap of the tubing.

EVD surveillance

There was no special file devoted to EVD surveillance, except daily

nurses’ sheets.

Definition of EVD-related ventriculitis

EVD-related ventriculitis was defined according to Martinez [12]

and Mayhall [13]. Briefly, in a febrile patient (temperature above

38�5C), a positive CSF culture, obtained by aspiration from the

proximal 3-way tap, associated with CSF pleiocytosis (>15 cells=mm3)

and CSF=plasma glucose ratio of less than 0.5 was considered

as a ventriculitis. It was considered as EVD-related if there was no

other detectable source of central nervous system infection (CSF leak

unrelated to EVD, concurrent bacteraemia with the same pathogen,

penetrating injury of the brain, post-craniotomy infection), if the

EVD was in place for at least 24 hours, and if a negative CSF culture

had been obtained at the time of ventriculostomy. The onset of

infection was computed as the number of days after the insertion of

the first EVD, regardless of whether the catheter had been changed

or not.

Calculation of the results

For the calculation of EVD-related ventriculitis incidence, results are

given using the whole population of the study period (175 patients) and

of the control period (131 patients) (intention-to-treat analysis). For the

risk factors study, only the patients of the study period were considered

in order to compare patients handled in a similar way. Patients for

whom the EVD was inserted because of a pre-existing infection were

excluded, as well as patients with incomplete data, giving a total of 157

patients studied. Study of protocol violations was performed only in

patients for whom a specific prospective EVD file was completed and

retrieved (n¼ 109 patients). Here again, patients for whom EVD was

inserted for a pre-existing ventriculitis were excluded. Finally, we

compared patients with and without a file in order to ascertain that

there was no major bias in the population for which the file was not

available.

EVD-related ventriculitis incidence

In order to ascertain the true incidence of EVD-related ventriculitis,

operating theatre registers were reviewed as well as routine post-surgical

infections surveillance files and files from the bacteriological laboratory.

Files were cross checked for any missing patient. For each infected

patient during both periods, the whole hospital chart was reviewed to

ensure that EVD ventriculitis criteria were fulfilled. Any EVD catheter

implanted because of an EVD-related ventriculitis was not taken into

account further for the calculation of the incidence of EVD-related

ventriculitis.

40 A.-M. Korinek et al.



Risk factors for EVD ventriculitis

They were examined during the study period using prospective EVD

files and by going back in the patients’ charts when EVD file was not

available.

Protocol violation study

Protocol violations were recorded according to prospective criteria

and evaluated from the specific EVD file. A score for protocol violation

was determined for each patient. Seven items were considered: absence

of hair clipping, absence of a tunnelled EVD, incorrect timing of sham-

pooing (no shampoo every 6 days), incorrect dressing change (dressing

change not done every 3 days), inappropriate CSF bag or tap sampling

(sampling performed without clinical or bacteriological indication) and

EVD manipulation. Each item added one point to the score. When a

patient had more than one EVD, the score was computed by summing

the protocol violations of all EVD.

Statistics

Data were compared by Chi-square test with Yates’ correction if

needed or Student t test whenever appropriate. The difference was

considered statistically significant when the p value was less than 0.05.

Results

Incidence of EVD-related ventriculitis

Table 1 compares the characteristics of the patients

during the two periods. Patients’ characteristics were

similar except for greater age and more frequent anti-

biotic prophylaxis during control period. During the 15

months study period (January 2000–March 2001), 216

EVD were placed in 175 patients. Ten cases of EVD-

related ventriculitis were detected, giving a cumulative

infection incidence of 5.7% per patient and 4.6% per

procedure. During the 12 months control period (January

1999–December 1999), 161 EVD were placed in 131

patients. Sixteen cases of EVD-related ventriculitis were

detected, giving a cumulative infection incidence of

12.2% per patient and 9.9% per procedure. The reduc-

tion of incidence between the control and the study

period was statistically different both for patient and

procedure related infections.

Risk factors for EVD ventriculitis

Ten patients (accounting for 15 EVDs) during the study

period were excluded because the EVD was inserted

for a pre-existing ventriculitis. Eight other patients

(accounting for 10 EVDs) were excluded because of

insufficient data. None of these excluded patients suf-

fered a subsequent EVD-related ventriculitis. There-

fore, 157 patients and 191 EVDs were evaluated for

risk factors during the study period. Patients’ charac-

teristics were similar between the infected and non-

infected groups (age, sex ratio, EVD indication). The

main indications for EVD insertion were severe head

trauma (43.9%) and subarachnoid and=or ventricular

haemorrhage (37.6%). Risk factors for EVD-related ven-

triculitis are shown in Table 2. The only significant risk

factor was CSF leakage through the EVD insertion hole.

EVD duration longer than 5 or 10 days was not a risk

factor, nor was the number of EVDs inserted per patient.

The mean duration of each EVD was not different

between the two groups. Total duration of the drain-

age procedure (whatever the number of catheters)

ranged from 2 to 42 days in the non-infected group,

and from 5 to 29 days in the infected group. In the

non-infected group, 133 patients had one EVD, 12

Table 1. Patients’ characteristics in the control and the study

populations

Control

population

Study

population

P value

n¼ 131 n¼ 175

Age (y) m � sd 49 � 16 44 � 17 0.02

Sex Male (%) 79 (60) 114 (65) 0.38

No of EVD=

patient (m � sd)

1.23 � 0.47 1.17 � 0.50 0.30

Craniotomy (%) 49 (37) 79 (45) 0.17

No antibiotic

prophylaxis (%)

28 (21) 60 (34) 0.02

Junior surgeon (%) 71 (54) 108 (62) 0.20

CSF leakage (%) 6 (5) 18 (10) 0.13

EVD inserted for

pre-existing infection (%)

4 (3) 10 (6) 0.27

EVD External ventricular drain; CSF Cerebrospinal fluid.

Table 2. Risk factors for EVD ventriculitis during the study period

Infected

patients

Non infected

patients

n¼ 10 n¼ 147 (%)

EVD catheter duration (d) m � sd 12.5 � 10.7 9.4 � 7.3

EVD catheter duration > 5 days 9 98 (66.6)

EVD catheter duration � 10 days 7 67 (45.6)

No of EVD=patient m � sd 1.4 � 1.0 1.1 � 0.4

Blood in drainage system 6 76 (51.7)

Head trauma 2 67 (45.6)

IVSH 5 54 (36.7)

Craniotomy 6 62 (42.2)

No antibiotic prophylaxis 4 52 (35.4)

Junior surgeon 4 93 (63.3)

CSF leakage 5 10 (6.8)�

� p<0.0001; EVD external ventricular drain; CSF cerebrospinal fluid;

IVSH Intra ventricular and=or subarachnoid haemorrhage.
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patients had two, and 2 patients had 3. In the infected

group, 8 patients had one EVD before infection, 1

patient had two and 1 patient had 4. The main causes

for EVD replacement were obstruction (12 cases) and

accidental disconnection (9 cases).

EVD protocol violations

The EVD protocol violations study was conducted

prospectively in 109 patients (69.4% of the whole popu-

lation) for whom the complete EVD surveillance files

were available. All the 10 patients with EVD-related

ventriculitis had complete data. The clinical character-

istics of these 109 patients were not significantly differ-

ent from the ones of the 48 patients for whom an EVD

file was not available, except for ‘‘absence of antibiotic

prophylaxis’’ (because these EVD were inserted more

often in emergency), number of EVD per patient (one

for all the patients with missing data) and EVD duration,

shorter in the missing data group (Table 3).

The protocol violations are shown in Table 4. Mean

violation score was 4 times higher in the infected group,

as compared to the non-infected group (p<0.0001).

Among the 67 patients with a score of 0 or 1, no EVD-

related ventriculitis was observed; among the 32 patients

with a score of 2 or 3, four ventriculitis (12.5%) were

observed; among the 10 patients with a score of 4 or

more, 6 ventriculitis (60.0%) were observed (p<0.0001).

Description of EVD-related ventriculitis

Patients’ data are shown in Tables 5 (control period)

and 6 (study period). Mean drainage duration was

10.2 � 6.5 days and 17.4 � 8.6 days in control and study

periods respectively (p<0.03). The onset of infection

ranged from 2 to 24 days in the control period, and from

5 to 31 days in the study group, with a mean of 8.7 � 6.7

days in the control group, and 17.7 � 8.8 days in the

study group (p<0.005). In both periods, the most fre-

quent pathogens were coagulase negative staphylococci

(50%). One patient had negative CSF cultures in the

study period, but he was treated by cefotaxime for noso-

comial pneumonia before CSF sampling. Ventriculitis

was diagnosed on persistent fever, alteration of mental

status, and a progressive elevation of white cells with

decreased glucose concentration in 3 different CSF sam-

ples. Patient 10 in the study period suffered CSF leakage

after EVD removal and had urine colonization with

S. marcescens. Meningitis due to the same pathogen

was diagnosed by lumbar puncture 4 days after EVD

removal, and was considered as EVD-related.

Results of EVD catheter cultures

Among the 124 catheters sent for culture, 57 (45.9%)

yielded a positive culture: 44 (77.2%) showed coagulase

negative staphylococci, 4 S. aureus, 4 P. acnes, 1 micro-

coccus, 1 E. faecalis, 1 A. baumanii, 1 P. aeruginosa,

and 1 E. cloacae.

There was no difference in the incidence of positive

catheter culture in the infected and the non-infected

Table 3. Comparison of patients’ characteristics between complete and

missing data patients

Complete data Missing data p

n¼ 109

(%)

n¼ 48

(%)

Age (y) m � sd 44.3 � 16.6 41.1 � 16.8 ns

Sex Male (%) 70 (64) 32 (66) ns

No of EVD=patient

(m � sd)

1.2 � 0.5 1.0 � 0 0.01

EVD catheter duration (d)

m � sd

10.3 � 7.2 7.4 � 6.7 0.0002

EVD catheter

duration > 5 days

85 (78) 24 (50) 0.0005

EVD catheter

duration � 10 days

61 (56) 17 (35) 0.02

Blood in drainage system 56 (51) 26 (54) ns

Head trauma 43 (39) 23 (48) ns

IVSH 40 (37) 14 (29) ns

Craniotomy 44 (40) 24 (50) ns

No antibiotic prophylaxis 46 (42) 10 (21) 0.01

Junior surgeon 70 (64) 27 (56) ns

CSF leakage 12 (11) 3 (6) ns

EVD External ventricular drain; IVSH intraventricular=subarachnoid

haemorrhage; CSF cerebrospinal fluid; ns not significant.

Table 4. Risk factors for external ventricular drain-related ventriculitis

according to protocol violations

Protocol violation Infected

patients

Non infected

patients

p

n¼ 10 n¼ 99 (%)

Absence of hair clipping 5 17 (17.2) 0.001

Absence of tunnelled EVD 3 14 (14.1) ns

Incorrect timing of shampoo 9 37 (37.4) 0.004

Incorrect timing of dressing

change

1 8 (8.1) ns

Inappropriate CSF bag

sampling

6 10 (10.1) 0.0002

Inappropriate CSF tap

sampling

7 7 (7.1) <0.0001

EVD manipulation 5 3 (3.0) <0.0001

Score of protocol

violation=patient (m � sd)

4.4 � 2.7 1.1 � 1.3 <0.0001

EVD External ventricular drain; CSF cerebrospinal fluid; ns not

significant.
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group (61.5% vs. 44.1%), nor in the mean protocol vio-

lation score of patients having positive or negative cathe-

ter cultures (2.3 � 2.4 vs. 2.1 � 2.3). In 3 patients with

ventriculitis (no 4, 5, 9), the catheters grew the same

micro organism as the one responsible for the infection,

whereas in three (no 1, 6, 8) the isolated micro organism

on the catheter was different; in two (no 7 and 10), the

catheter culture was negative, and in two (no 2 and 3)

cultures were not performed because of accidental

removal of the catheter by the patient.

Discussion

External ventricular drainage remains a life-saving

treatment in acute hydrocephalus due to intra-ventricular

haemorrhage and to some tumours. In head trauma pa-

tients and in patients in high WFNS grade secondary

to subarachnoid aneurismal haemorrhage, EVD can be

considered as the first line treatment for the control of

raised intracranial pressure by allowing CSF drainage.

However, EVD-related ventriculitis remains a major

complication of this technique and explains the increas-

ing use of intra-parenchymatous monitors, which carry a

significantly lower infection rate [5, 9].

The true incidence of EVD-related ventriculitis is diffi-

cult to assess from the literature, since most studies are

retrospective and diagnosis usually relies only on a positive

CSF culture without consideration of clinical and CSF

biochemical data [7, 8, 13, 20]. This may lead to an over-

estimation of infection incidence as shown in studies dif-

ferentiating infection from contamination [6, 8, 12].

We were able to halve EVD-related ventriculitis,

diagnosed by clinical and CSF findings, by using a

standardized protocol taking into account published

Table 5. Description of patients with an external ventricular drain-related ventriculitis in the control population

Patients EVD indication EVD number Drainage duration CSF leak (d) Onset (d) Pathogen

1 CH 1 7 = 2 CNS

2 IS 1 8 = 8 S. aureus

3 trauma 1 2 = 2 CNS

4 IVSH 1 26 = 24 CNS

5 trauma 1 19 = 18 Acinetobacter spp

6 IVSH 1 8 = 4 E. cloacae

7 IVSH 3 11 = 5 S. aureus

8 IVSH 1 9 = 9 S. aureusþCNS

9 tumour 1 3 = 3 E. coli

10 IS 1 7 = 7 S. aureus

11 IVSH 1 6 4 6 CNS

12 IVSH 1 17 = 18 CNS

13 IVSH 1 6 = 4 CNS

14 trauma 1 18 1 16 acinetobacter spp

15 trauma 1 8 = 5 CNS

16 IVSH 1 9 = 8 CNS

EVD External ventricular drain; CSF Cerebrospinal fluid; CH Cerebellar haematoma; IS Ischemic stroke; IVSH Intraventricular and=or subarachnoid

haemorrhage; CNS Coagulase negative staphylococcus.

Table 6. Description of patients with an external ventricular drain-related ventriculitis in the study population

Patients EVD indication EVD number Drainage duration EVD manipulation Violation score CSF leak (d) Onset (d) Pathogen

1 trauma 1 8 yes 4 0 8 not recovered

2 tumour 1 18 yes 5 = 17 CNS

3 IVSH 1 7 no 3 = 7 CNS

4 IVSH 1 28 no 5 = 28 CNS

5 IVSH 1 31 yes 2 = 31 CNS

6 tumour 2 18 no 6 6 18 CNS

7 tumour 4 18 yes 11 12 18 P. aeruginosa

8 IVSH 1 5 no 2 = 5 E. faecalis

9 IVSH 1 22 yes 4 20 23 S. aureus

10 trauma 1 19 no 2 19 22 S. marcescens

EVD External ventricular drain; CSF Cerebrospinal fluid; IVSH Intraventricular and=or subarachnoid haemorrhage; CNS Coagulase negative

staphylococcus.

EVD-related ventriculitis prevention 43



recommendations [2, 4, 6, 10, 13, 18, 20]. As previously

demonstrated [3, 11, 19], we observed that CSF leakage

around EVD catheter or after EVD removal was the

major risk factor for ventriculitis. This factor could be

prevented by a better fit between dural puncture hole and

catheter size [19], and by meticulous skin suturing after

EVD removal [3].

There are controversies about the possible link

between EVD duration and risk of infection. In 1984,

Mayhall and co-workers [13] reviewed the Medical

College of Virginia’s data base and reported an increased

risk of infection in patients with ventriculostomy in place

for more than 5 days. They recommended ‘‘if monitoring

is required for more than 5 days, the catheter should be

removed and inserted at a different site’’. In contrast,

others [14, 15, 20] suggested that duration of monitoring

was not a risk factor associated with infection. In 1996,

Holloway and colleagues [7] re-examined the Medical

College of Virginia’s original recommendations regard-

ing prophylactic catheter exchange. Reviewing the

incidence of ventriculitis in 584 severely head-injured

patients with EVDs from the Traumatic Coma Data Bank

and the Medical College of Virginia Data Bank, they

found a non-linear relation between duration of EVD

placement and ventriculitis. The risk of infection in-

creased during the first 10 days, but infections then

became unlikely. The infection rate in patients in whom

catheters were replaced before 5 days was no lower than

those whose catheters were exchanged at intervals longer

than 5 days. These authors found no support for the

routine exchange of catheters when ICP monitoring is

required for more than 5 days. Kanter and co-workers

[8] reported that the risk of infection began to decrease

after day 6 and that infection became very unlikely after

day 11. In fact, EVD-related ventriculitis may be due to

contamination associated with EVD catheter insertion, as

reflected by the occurrence of early infections and by the

increased risk in patients needing multiple catheters [4],

or less likely to a delayed contamination during EVD care

[8]. In our study, duration of EVD and the number

of catheters inserted per patient was similar between

infected and non infected groups. Duration longer than

5 days was not a risk factor for EVD-related ventriculitis.

Moreover, 67 patients had EVD duration longer than 10

days (up to 42 days) without infection. These results sup-

port the conclusion that EVD duration is not a risk factor

for EVD-related ventriculitis, as long as meticulous

hygienic care is provided.

Prophylactic antibiotic use with EVD is also contro-

versial. It has been recommended that prophylactic anti-

biotics be administered at the time of insertion only, or

throughout the entire EVD duration. Prabhu et al. [16]

performed a meta-analysis on the role of prophylactic

antibiotics. Unfortunately, only two studies met their

inclusion criteria (randomised, double-blind), and even

combined, they were of insufficient size to produce sta-

tistically significant results. Despite the analysis of 36

other studies, the conclusions of the authors were that

the ‘‘role of prophylactic antibiotics with EVD remains

unclear’’. Two recent retrospective studies addressed this

question. One found that antibiotic administration, how-

ever long, did not decrease the incidence of CSF infection

[17], the other demonstrated that prophylactic antibiotics

given for the duration of the EVD did not reduce the

ventriculitis rate compared with procedural administra-

tion [1]. Moreover, prolonged antibiotic use may select

resistant micro-organisms. In our population, lack of

administration of prophylactic antibiotics was not a risk

factor for ventriculitis and long-term prophylaxis was

never used. Moreover, antibiotic prophylaxis was more

frequently used during the control period and yet infec-

tion rate was high. However, our study was not designed

to examine the use of prophylactic antibiotics, and no

definitive conclusion can be drawn regarding this issue.

We identified the following major risk factors in our

prospective study of EVD specific files: protocol viola-

tions at the time of insertion (entire hair clipping), or

during the procedure (time of shampoo, inappropriate

CSF samplings and system manipulations). Absence of

tunnelled EVD was not a risk factor, but the small num-

ber of patients with ventriculitis precludes any definitive

conclusion about this technique previously shown to be

efficient in preventing EVD infection and displacement

[10, 18], and perhaps CSF leakage. Interestingly, mean

ventriculitis onset in patients during the control period

was shorter than during the study period, with onsets

shorter than 5 days in 5 patients, suggesting an early

contamination during insertion (Table 5). This was not

observed during the study period and can be an indirect

argument in favour of the surgical protocol. Incorrect

timing for head dressing was not a risk factor but viola-

tion of this item was rare in both groups. Although

30% of the EVD-files were not available, the significant

decrease of EVD-ventriculitis between the two periods

is a strong argument in favour of the changes of prac-

tices. Moreover, the number of EVD per patient (one for

all the patients with missing data) and EVD duration,

shorter in the missing data group would tend to lower

protocol violations probability, and therefore to increase

the difference already observed between the two groups

(infected vs non infected). The weight of the different

points of the protocol could perhaps have been different
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if the missing data had been included, but we think the

global message would remain unchanged.

It has been shown that ruptures of the closed system

increase infectious risk [2, 4, 13, 20], although some

authors observed no link between the number of manip-

ulations of the system and subsequent infection, as long

as strict asepsis was maintained [3]. In our study, surgi-

cal asepsis was mandatory for the restricted indications

of CSF samplings or system manipulation. No routine

sampling of CSF for culture or systematic catheter rins-

ings were performed [6, 13]. Non-respect of these strict

instructions was frequent in patients with subsequent

ventriculitis, with a high level of significance despite

the small number of patients. This supports the thought

that manipulations were a major way of contaminating

the system leading to CSF infection. The score of

protocol violations was four times higher in infected

patients compared to non-infected patients, and none

of the patients with a low score (0 or 1) had ventriculitis,

even with EVD duration exceeding 20 days.

Routine catheter tip cultures had no value in predicting

or diagnosing subsequent ventriculitis since 46% were

positive, mainly with coagulase negative staphylococci.

In only 3 patients did the catheter tip grow the same micro

organism as the one isolated in the CSF. Thus, culture of

the catheter tip at EVD removal appears useless.

In conclusion, this study demonstrates that EVD can be

left for a long period of time, provided that insertion and

subsequent nursing are performed with meticulous hy-

gienic care, and that manipulations, disconnections or in-

appropriate CSF samplings are strictly avoided. External

ventricular drains can thus be safely used in head trauma

patients and in patients in high WFNS grades secondary

to subarachnoid aneurismal haemorrhage for intracranial

pressure monitoring with the therapeutic advantage over

intra-parenchymatous captors to allow CSF drainage.
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Comments

In their paper the authors describe a protocol that can reduce the

incidence of ventricular drain related ventriculitis considerably.

They achieve a reduction of infection rate of 5.2% in their institu-

tion. The major causes for infection were a CSF leak and multiple
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violations of the proposed protocol. Interestingly only the sum of

the protocol violations seemed to be significant, however no single

measure alone. Furthermore the duration of the ventricular drain-

age has no effect on the incidence of infection. This point is still

under discussion. Thus one could conclude, that the careful han-

dling of the external CSF drainage is the major point, not so much

the specific procedures themselves.

To sum up, this study shows that the careful handling of EVD and the

avoidance of CSF leakage significantly reduce the infection rate (and

this is not new), and that this can be achieved in a relatively easy manner

with good success in one institution.

Alexander Brawanski

Regensburg

External ventricular drain (EVD) related infections of the CSF are a

significant cause of morbidity and mortality, with infection rates in the

literature averaging 10%. The authors demonstrate that adopting a stan-

dardized protocol for the insertion and management of EVD catheters

can result in significant reduction in infection rate. Following introduc-

tion of the study protocol infection rates fell from 12.4 to 6.1% per

patient. An analysis of risk factors for ventriculitis in this population was

significant only for leakage of CSF around the catheter at its exit site.

This risk can be reduced by routine tunnelling the EVD catheter and

careful suturing at the exit site. Of importance, the results of this analysis

failed to show a correlation between increasing duration of EVD place-

ment and risk of infection. As pointed out by the authors, this finding

confirms reports by others that the incidence of infection is highest

during the first 5- to 7-days after placement and is likely to be related

to contamination at the time of catheter insertion. There is certainly no

indication to routinely change catheter sites when prolonged EVD drain-

age is needed.

The authors also found that infection was related to failure to strictly

follow the study protocol. Contamination related to CSF sampling and

catheter manipulations appeared to be another major cause of ventric-

ulitis. Indeed, the score for protocol violation was four times higher in

infected than in non-infected patients.

While one might argue with the exact details of the authors’ EVD

management, the manuscript emphasizes the importance of adopting a

standard protocol for quality improvement. When conflicting informa-

tion is available, a consensus agreement based on a review of the

literature is the first step in this process. The adopted protocol is then

subjected to repeated evaluation and revised to obtain the desired results.

This process has resulted in a markedly different protocol for EVD

management at our institution, [1] with now similar infection rates to

those described here by Korinek et al.

Quality improvement is an ongoing process that takes advantage of

new information as it becomes available. The recent introduction of

antibiotic coated EVD catheters is a good case in point. In a prospective,

randomised trial, positive CSF cultures were found to be significantly

less frequent in patients with EVD catheters impregnated with minocy-

cline and rifampin compared to the control group (1.3% vs. 9.4%,

p¼ 0.002). [2] Confirmation of these results will most probably come

from ongoing quality improvement programs.

References

1. Alleyne CH Jr, Hassan M, Zabramski JM (2000) The efficacy

and cost of prophylactic and periprocedural antibiotics in patients

with external ventricular drains. Neurosurgery 47: 1124–1127

2. Zabramski JM, Whiting D, Darouiche RO, Homer TG, Olson J,

Robertson C, Hamilton AJ (2003) Efficacy of antimicrobial-impreg-

nated external ventricular drain catheters: a prospective, randomised,

controlled trial. J Neurosurg 98: 725–730

Joseph M. Zambramski

Pheonix

Correspondence: Dr. Anne-Marie Korinek, D�eepartement d’Anesth�eesie
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