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Abstract
Purpose Ventricular access devices (VAD) are often used for
treatment of posthemorrhagic hydrocephalus (PHH) in pre-
term infants. The reported rates of infection have varied and
range from 0 to 22 %. The objective of our study is to present
our VAD associated infection at our institution.
Methods The charts for patients that had VADs inserted be-
tween May 1, 2009 and October 31, 2013 at a single institu-
tion (Children’s Healthcare of Atlanta) were retrospectively
reviewed. The number of VAD infections, defined as either
cerebrospinal fluid (CSF)-positive cultures or wound compli-
cation, was recorded. Of patients that survived, the number of
VAD to shunt conversions was also examined. The data from
15 previously published studies were pooled to determine
overall VAD infection and VAD to shunt conversion rates.
Results A total of 142 VADs were placed. There were 13
infections (9.2 %), 11 of which had CSF-positive cultures
(7.7 %). There were two wound complications with negative
CSF cultures. Six patients died after VAD placement for
reasons unrelated to their VAD surgeries (4.2 %). In the
remaining patients, there were 113 VAD to shunt conversions
(83.1 %). Fifteen studies that reported VAD infections were
analyzed; an overall infection rate of 7.0 % and VAD to shunt
conversion rate of 79 % were calculated.
Conclusions While VAD is a valuable tool to treat PHH, it
remains a procedure with an infection rate between 7.0 and
8.0 %. Close follow-up is needed to capture these adverse

events as early as possible. Approximately 80 % of patients
with PHH will require permanent CSF diversion.

Keywords Posthemorrhagic hydrocephalus . Intraventricular
hemorrhage . Ventricular access device (VAD) . Infection .

Preterm infant

Introduction

Papile grade III and IV germinal matrix hemorrhage (GMH)
with associated intraventricular hemorrhage (IVH) affects 15–
20 % of premature neonates with a birth weight of less than
1,500 g [1]. The pathophysiology behind GMH/IVH is
thought to be fragile vasculature susceptible to rupture with
fluctuations in cerebral perfusion [2]. Infants with grade III or
IV GMH/IVH are prone to developing posthemorrhagic hy-
drocephalus (PHH) and are at risk for further neurological
injury from increased intracranial pressure (ICP).

The classic treatment for PHH is a ventriculoperitoneal
(VP) or ventriculoatrial (VA) shunt. However, this is not
always an immediate option because these patients often have
multiple sequelae of neonatal prematurity that precludes shunt
placement, including low birth weight, hostile abdomen, neo-
natal infection, and hemodynamic instability. Acetazolamide
has not been proven to be effective in reducing the rate of
PHH. Serial lumbar punctures, external ventricular drainage,
or ventricular punctures also carry inherent infection risks and
the risk of porencephaly [1]. Alternative surgical options
include the placement of temporizing devices such as
ventriculosubgaleal shunt (SGS) or a subcutaneous ventricular
access device (VAD). Both have been shown to be an effective
temporizing measure for PHH and an intermediate step to-
ward shunt placement [1]. Currently, there is little evidence to
suggest one procedure is more advantageous over the other in
terms of infection, wound complications, or shunt conversion
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[3]. Thus, the decision to place either an SGS or VAD is
largely surgeon- and institution-dependent.

A previous report from our institution demonstrated that
the VAD was a valuable tool but with significant complica-
tions, including infection, wound dehiscence, cerebrospinal
fluid (CSF) leak, and device migration [4]. The overall VAD
infection rate has ranged from 0 to 22 % in the current
literature. The purpose of our study was to examine our
experience with VAD infections and to contribute to the
existing literature.

Methods

A total of 150 VADs were scheduled for insertion in patients
between two campuses of a single institution (Children’s
Healthcare of Atlanta, Scottish Rite, and Egelston campuses)
betweenMay 1, 2009 and October 31, 2013 by board-certified
and board-eligible pediatric neurosurgeons and fellows. After
careful review of the patient charts, eight cases were excluded
because of patient death prior to VAD insertion (n=5), VAD
placed for diagnosis other than PHH (n=1), and patients with
VADs and preexisting CNS infections (n=2, one patient had
an undocumented meningitis that was diagnosed from intra-
operative CSF cultures, and a second patient was transferred
to our institution with a preexisting Staphylococcus
epidermidis VAD infection). Therefore, a total of 142 VADs
were included in this study. At the Scottish Rite campus, all of
the VADs inserted were Medtronic model no. 44101 (barium
impregnated catheter, 12-mm tapping reservoir, 3.0-cm-length
intracranial catheter, 1.2 mm inner diameter, 2.1 mm outer
diameter). Medtronic model no. 21029 (barium impregnated
catheter, 12 mm tapping reservoir, 23-cm-length intracranial
catheter that is trimmed to appropriate length, 1.2 mm inner
diameter, 2.1 mm outer diameter) was utilized for all the
VADs at the Egelston campus.

Patient demographics were collected from the hospital
electronic medical record. Gestational age, birth weight,
VAD insertion date, weight at VAD insertion, intubation sta-
tus, VAD insertion location (neonatal intensive care unit
(NICU) versus OR), VAD infection date and VAD to shunt
conversion date, and future shunt infection were all document-
ed. A VAD infection was defined as either CSF-positive
cultures, wound infection, or wound dehiscence with exposed
hardware that necessitated removal of the VAD. Once a VAD
infection was documented, it was removed within 24 h. In
addition to the infection rate, two clinical endpoints were
recorded after a VADwas placed: conversion to a shunt (either
VP or VA) and in hospital mortality.

A literature review was conducted to identify previous
studies with documented VAD infections. A search was con-
ducted on PubMed/MEDLINE for the terms: “preterm in-
fant,” “ventricular access device” or “VAD,” “intraventricular

reservoir” or “ventricular reservoir,” “intraventricular hemor-
rhage,” “infection,” “post-hemorrhagic hydrocephalus” or
“posthemorrhagic hydrocephalus” in either the title, abstract,
or keywords. Relevant articles were reviewed for VAD infec-
tion as well as shunt conversion rate.

Results

There were 142 VADs inserted during the 4-year study period,
and population demographics are summarized in Table 1. All
of the patients were preterm and very low or extremely low-
birth weight infants. The average birth age was 28±3.2 weeks,
and the average birth weight was 1,033.8±489.3 g. The aver-
age weight at VAD insertion was 1,361.0±485.8 g, and this
was significantly increased compared to the patient’s average
birth weight (paired t test, p<0.001). Subgroup analysis did
not reveal any differences in weight between the VAD infec-
tion and noninfected groups, regardless if it was birth weight

Table 1 Patient demographics

Total number of VADs placed 142

Average gestational age (±STD) 27.0±3.2 weeks

Average birth weight (±STD) 1,033.8±489.3 g*

Average weight at VAD placement (±STD) 1,361.0±485.8 g*

VAD infections 13 (9.2 %)

CSF-positive cultures 11 (7.7 %)

Staphylococcus epidermidis 4

Enterococcus faecalis 2

Escherichia coli 2

Pseudomonas aeruginosa 2

Enterobacter cloacae 1

Wound complications (negative CSF cultures) 2 (1.4 %)

Median time from VAD insertion to infection 19 days
(range, 7–63 days)

Shunts placed after VAD infection 11

VP shunt 10

VA shunt 1

Died (no shunt placed) 2

VAD placed but died before shunt placement
(including infection patients, n=2)

6 (4.2 %)

Median time from VAD insertion to death 50 days
(range, 8 to 168 days)

Surviving VAD patients converted to shunts
(including infection patients, n=11)

113 (83.1 %)

VP shunt 109

VA shunt 4

Median time for VAD to shunt conversion 56 days
(range, 3–549 days)

Surviving VAD patients that did not
require shunts

23 (16.9 %)

*p<0.001 (paired t test)
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or weight at VAD insertion (unpaired t test, p=0.91 birth
weights; p=0.88 weight at VAD insertion)

There were a total of 13 VAD infections, and their demo-
graphics are shown in Table 2. This corresponds to an overall
incidence of 9.2 %. Eleven of these had documented CSF-
positive cultures (7.7 %) and two were wound complications
(1.4 %, 1 infection, 1 dehiscence). The median time from
VAD insertion to VAD removal was 19 days and ranged from
7 to 63 days post-VAD insertion. The pathogens responsible
for VAD infections were S. epidermidis (n=4), Enterococcus
faecalis (n=2), Escherichia coli (n=2), Pseudomonas
aeruginosa (n=2), and Enterobacter cloacae (n=1). Both
patients with wound complications had negative CSF cultures.
Treatment of all VAD infections necessitated removal of the
VAD, with or without external ventricular drain (EVD) place-
ment, as well as antibiotics as dictated by the Infectious
Disease Team (see Table 2 for details). Reimplantation of
CSF diversion devices (VAD replacement or a shunt) was
done after serial CSF cultures were sterile and after clearance
from the Infectious Disease Team. Three patients developed
secondary CNS infections related to their EVD, which was
treated with EVD replacement and antibiotics. Two patients in
this group died before a shunt was placed for causes unrelated
to their VAD infections: one patient had care withdrawn in the
NICU, while the second was transferred to hospice. The
remaining 11 patients required a shunt (VP shunt, n=10; VA
shunt, n=1).

Of the 142 patients with VAD insertion, there were 6
(4.2 %) patients who had a VAD placed and died from other
sequelae of prematurity before conversion to shunt (including
the two VAD infection patients). In these patients, the median
length of survival after VAD insertion was 50 days, ranging
from 8 to 168 days. In the remaining patients, the VAD to
shunt conversion rate was 83.1 % (113/136 patients, including
the 11 patients with VAD infection). The majority of these
were VP shunts (n=109) and only a small proportion were VA
shunts (n=4). The median time from VAD placement to
conversion to a shunt was 56 days, ranging from 3 to 549 days.
The remaining 23 patients (16.9 %) did not require conversion
to a shunt at a minimal follow-up of 6 months.

Table 3 depicts secondary data analysis for risk factors that
may be related to the development of VAD infections. When
examining intubation status, a total of 55 (38.7 %) patients
were intubated at the time of VAD insertion. In the VAD
infection group, seven (53.8 %) patients were intubated at
the time of VAD insertion and six (46.2 %) were not. In the
noninfected group, 48 (37.2 %) were intubated and 81 were
not (62.8 %). Intubation status was not identified as a signif-
icant risk factor contributing to VAD infection (χ2=1.377;
df=1; Fisher’s exact test, p=0.250).

The majority of our VAD insertions were placed in the
operating room (125/142 patients, 88.0 %). There were a total
of 17 VADs placed in the NICU, and this was institutionally

dependent, as all were done at the CHOA Egelston campus.
Of the 17 VADs that were placed in the NICU, three became
infected, which corresponds to 17.6 % of VADs placed in
NICU and 23.1 % of the total VAD infections. VAD insertion
location was also not identified as a statistically significant
risk factor contributing to VAD infection (χ2=2.072; df=1;
Fisher’s exact test, p=0.161).

Our overall shunt infection rate after VAD placement was
6.2 % (7/113 patients). Subgroup analysis revealed that there
were two patients with VAD infections prior to shunt place-
ment (18.1 % of the VAD infection population that were
shunted). The remaining five patients did not have a VAD
infection but developed a future shunt infection (4.9 % of the
noninfected population). VAD infection before shunt place-
ment was not a significant risk factor for developing shunt
infection (χ2=3.013; df=1; Fisher’s exact test, p=0.138).

Discussion

VAD infection rate

The use of VADs to treat PHH in preterm infants was first
introduced by McComb in the early 1980s, and numerous
studies have suggested that it is an effective bridge to perma-
nent CSF diversion in this population. However, the reported
VAD infection rate has considerable variation in the literature,
ranging from 0 to 22 %. The small sampling size of these
studies (n=12 to 149) directly contribute to the wide range of
complication rates. Table 4 depicts the VAD infection rate
reported in the current literature. A total of 15 studies from
1983 to 2012 were found through PubMed and included. The
numbers of patients and VAD infections were then combined
for a total of 725 patients and 51 reported infections. The
infection rate from these pooled data was approximately
7.0 %.

Our study suggests an overall VAD infection rate of 9.2 %,
and in those with proven CSF-positive cultures, the infection
rate was 7.7 %. This is comparable to a previous report from
our institution by Hudgins et al., who has the largest docu-
mented study population with 149 patients and a CSF-positive
infection rate of 8.1 % [5]. Overall, our institutional experi-
ence is similar to what is reported in the literature and suggests
that the incidence of VAD infections is between 7 and 8 %.
Interestingly, our study did not find that differences in weight
(birth or at VAD insertion), intubation status, or VAD place-
ment location as statistically significant risk factors associated
with the development of VAD infections. Identifying potential
risk factors for VAD infection should be an aim for future
studies.

One risk factor not examined in our study was the effect of
antibiotic-coated ventricular catheters on VAD infection rates.
The current literature suggests that antibiotic-coated
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ventricular catheters for EVDs and shunts reduce the inci-
dence of ventriculitis [6, 7]. It stands to reason that there
would be a similar effect for VADs. At our institution, VADs
are supplied by Medtronic and their models are accompanied
with barium impregnated catheters. Our CHOA campuses
utilize different VAD models (no. 44101 at Scottish Rite and
no. 21029 at Egelston); one notable difference between these
two models is that no. 44101 has the ventricular catheter built
into the reservoir, whereas no. 21029 requires the surgeon to
attach a ventricular catheter to the reservoir. Therefore, it
would be possible to utilize an antibiotic-impregnated ventric-
ular catheter on model no. 21029 and will require future
investigations to address this question.

Over the last 30 years, the incidence of VAD infections has
decreased and partly attributed to improved ICU care in
between taps [8]. A second reason is the strict adherence of
sterile technique when device access is required. In a study of
29 patients, Kormanik et al. demonstrated that the use of
sterile technique for repeated VAD access did not increase
risk of ventriculitis [9]. Their VADs were prepped with iodine
and accessed a total of 681 times with sterile equipment
(gloves, mask, butterfly needles); there were no reported
infections, despite 45 % of their patients having blood culture
proven sepsis. While the utility of surveillance CSF samples
remains controversial, CSF WBC count, neutrophil propor-
tion, and protein count are sensitive markers that can aid in the
diagnosis of early infection [10].

Patients with high grade IVH that develop PHH often have
permanent neurological deficits and have been shown to have
poorer functional outcomes despite treatment [1, 11]. As
perinatal meningitis has been shown to also negatively affect
neurodevelopmental outcome [12, 13], the avoidance of a
secondary, infectious CNS insult is favorable. Therefore, care
providers must be vigilant in preventing VAD-associated nos-
ocomial CNS infections as it not only represents a source of
avoidable patient morbidity but also has long-term neurolog-
ical consequences.

VAD to shunt conversion rate

For our infants with PHH and VADs that survived, 83.1 % of
our patients required conversion of their VAD to a shunt.
Table 4 also depicts the pooled data for VAD to shunt conver-
sion rates from 15 studies: the combined number of surviving
patients with a VAD was 578 and the total number of patient’s
that required conversion of a VAD to a shunt was 454. This
corresponds to a conversion rate of 79 %. This is in concor-
dance with previously reported data from larger population
studies and range from 73 to 88 % [3, 5]. Our overall shunt
infection rate after VAD conversion was 6.2 %. This in agree-
ment with previous cohorts that report an infection rate of 6–
8 % but lower than a recently published, large multicenter
study that reported an infection rate of 11.7 % per patient [14].T
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The risk of developing a shunt infection is strongly correlated
with increasing number of revision surgeries [15]. In our
study, a treated VAD infection prior to shunt placement was
not a risk factor for developing shunt infection in the future.

In the absence of a hostile abdomen, we favor placement of
a VP shunt over a VA shunt given the early need for revision
(secondary to distal catheter length limitations) as well as the
high morbidity associated with VA shunt infections. Multiple
studies have demonstrated that early shunting in preterm PHH
patients are fraught with complications, including high

postoperative infection rates and early revision rates [5]. Low-
er birth weight as well as gestational age are identifiable risk
factors for early shunt revisions [16, 17] and must be taken
into consideration when deciding between a temporizing pro-
cedure (VAD or VSG) versus permanent CSF diversion.

Recently, Romero et al. advocated the use of VP shunt
placement as a first line and definitive therapy for infants with
symptomatic PHH [18]. They used a stringent definition for
symptomatic hydrocephalus as well as a strict patient selection
for VP shunt placement, including a weight of greater than

Table 3 Secondary analysis of
risk factors that may be associated
with VAD infections

Risk factor VAD infection No VAD infection

Average birth weight (±STD) 1,019.1±640.9 g 1,035.3±474.6 g

Unpaired t test, p=0.91

Average weight at VAD placement (±STD) 1,380.5±726.3 g 1,359.0±458.8 g

Unpaired t test, p=0.88

Intubated at VAD placement 7 48

Not intubated at VAD placement 6 81

χ2=1.377; df=1; Fisher’s exact test, p=0.250

VAD placed in NICU 3 14

VAD placed in OR 10 115

χ2=2.072; df=1; Fisher’s exact test, p=0.161

Shunt infection 2 5

No shunt infection 9 97

χ2=3.013; df=1; Fisher’s exact test, p=0.138

Table 4 Published VAD infection and conversion rates

Author Year No. of patients Infections Infection rate (%) No. of survivors No. of shunts Conversion rate (%)

McComb [19] 1983 20 0 0.0 7 7 100

Anwar [20] 1986 19 2 10.5 18 15 83

Gaskill [21] 1988 38 0 0.0 30 30 100

Marlin [22] 1988 12 2 16.7 38 33 87

Brockmeyer [23] 1989 20 2 10.0 16 12 75

Leonhardt [24] 1989 13 0 0.0 13 12 92

Levy [25] 1997 72 2 2.8 53 47 89

Hudgins [5] 1998 149 12 8.1 133 117 88

Richard [11] 2001 64 14 21.9 45 31 69

Brouwer [8] 2007 26 5 19.2 26 12 46

50 2 4.0 50 22 44

Lam [26] 2009 16 0 0.0 16 15 94

Willis [17] 2009 15 1 6.7 13 12 92

Limbrick [3] 2010 65 4 6.2 64 49 77

Kormanik [9] 2010 29 0 0.0 29 21 72

Bajaj [10] 2012 52 5 9.6 NR NR NR

Tian [27] 2012 27 0 0.0 27 19 70

Total 725 51 7.0 578 454 79

Current study 2014 142 13 9.2 136 113 83

NR not reported
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1,500 g prior to shunt insertion. Out of 139 patients with grade
III/IV IVH, only 47 shunts were inserted. The authors sug-
gested that the remaining 92 patients (66 %) did not require
surgical treatment for their “ventriculomegaly.” However,
whether or not this subset of patients required a form CSF
diversion as well as their outcomes are not reported. None-
theless, they report good long-term functional outcomes in
their shunted patients and suggest that avoidance of temporiz-
ing procedures decreases overall patient morbidity. The place-
ment of a shunt as primary treatment for PHH without previ-
ous temporizing procedures is an interesting concept and its
efficacy is yet to be fully elucidated.

Our study also suggests that VAD placement with intermit-
tent CSF drainage was sufficient to halt hydrocephalus in
16.9 % of patients. Previous reports suggest that interment
VAD tapping can prevent the development of PHH in 12–
31 % of patients and is thought to be related to restoration of
CSF absorption by clearing obstructive hemorrhagic material
from the CSF [3, 5, 11, 17]. Our pooled data suggests that the
use of a VAD can prevent the need for a shunt in approxi-
mately 21 % of patients. Whether increased frequency of
tapping or larger tapping volumes prevents the development
of PHH will require future investigation.

Conclusions

VADs are a reasonable alternative for treatment of PHH in
patients who are unable to have a shunt placed. The infection
rate after VAD placement is approximately 7 to 8%. Although
this is lower than some previously reported data, it remains a
procedure with a significant infection rate. Close follow-up
and the use of aseptic technique when the VAD is accessed are
critical in minimizing iatrogenic infection. While a VAD has
the potential of halting the need for permanent CSF diversion
in PHH, the vast majority of patients will require a shunt when
medically stable. These are important statistics when counsel-
ing families about the risks and benefits of VAD placement.
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