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Background: Infection is a major complication in patients undergoing external ventricular drainage (EVD). Our study aimed

to evaluate the incidence of infection in a series with the monoblock EVD system.
Material/Methods: 46 patients treated with EVD at our emergency department were analyzed prospectively to research the inci-
dence of infections with a new EVD system.

Results: The average rate of infection was 8.7%. When we stratified the patients according to the exclusive use of EVD
without craniotomies, we identified a reduction in the overall incidence of ventriculitis from 8.7% to 2.3%. Age,
etiology, and the presence of ventricular bleeding were not statistically significant risk factors.

Conclusions: Despite the small sample examined in this study, we believe that the monoblock system is a simple, inexpen-
sive device that reduces accidental disconnection of the system.
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Background

The first continuous drainage of external cerebrospinal fluid
(CSF) was performed by Krause in 1911. Dandy first discov-
ered the importance of dynamic CSF in animals, and Sjoquist
did comparable work in humans [1].

Nowadays, it is known that ventriculostomy catheters are unique-
ly useful in the control of intracranial pressure by allowing the
drainage of CSF[2-5]. The main drawback of these catheters is
the life-threatening risk of ventriculitis associated with cathe-
ters [3]. Previous studies have shown a high incidence of infec-
tious complications (4-20%), with an average value of about
10% [3-11]. There are few consensual guidelines on the pre-
cautions that can be used to avoid infections with the External
Ventricular Drainage (EVD) system, and current precautions that
are in use often rely on studies that are not based on evidence.

Modifications in surgical techniques, technological advances in
shunt design, educational programs, and surgical experience
have contributed to an overall decrease in shunt-related com-
plications. However, shunt infections remain one of the most
serious challenges facing neurosurgeons today. Even when
successfully treated, infections are associated with reduced
IQ and academic performance, increased risk of seizures, and
psychomotor impairment. Moreover, shunt infections are a
common cause of shunt failure, and they are associated with
increased morbidity and mortality rates [12].

Conventional EVD systems usually have many connections for
the cleaning and removal of debris or clots in the ventricular
system, the intracranial pressure monitoring, and others that
allow the infusion of drugs. The majority of these connections
consist of stopcocks that allow for the opening of the system.
Accidental disconnection of the EVD system is not uncommon
in clinical practice. We aimed to evaluate the incidence of in-
fections in patients who had been treated with the monob-
lock-type system, which is a new model of EVD that does not
have stopcock connections.

Material and method

Setting

We performed a prospective pilot study from January 1, 2012
to June 30, 2012. Data were collected from 46 neurosurgi-
cal patients who were treated with EVD. The ventriculostomy
catheter used was the monoblock type, a new low-cost EVD
system, and it was placed under sterile conditions in the op-
erating room. The study was conducted in the emergency ICU
of our institution, an unit with 20 beds, with 10 targeted for
emergency neurosurgery, and with a nursing team trained in
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handling ICP and EVD systems. We used a protocol adopted in
our neurology ICU, described by Camacho et al. [12].

Criteria for infection diagnosis

The diagnosis of meningitis or ventriculitis in our sample
was established by the criteria described by Horan et al. [13]
Infection was diagnosed in serial CSF samples with bacterios-
copy, culture, and biochemical exams. An infection was de-
fined with either pleocytosis or abnormal CSF protein or glu-
cose levels, in addition to a positive CSF culture, and it was
recorded to have occurred on the day that the CSF sample was
obtained. CSF was collected from all the patients during cath-
eter removal, and it was considered to be an infection related
to EVD up to 30 days after catheter removal.

Evaluated parameters

The following parameters were collected: sex, age, incidence
of EVD system disconnections, admitting diagnosis, surgical
procedures, presence of inflammation of the CSF, the caus-
ative organism and frequency of isolation, resistance pattern,
and initiation of antibiotics for ventriculitis. The sample was
composed of patients with different emergency neurosurgi-
cal pathologies, such as primary hydrocephalus, subarachnoid
hemorrhage (SAH), tumors, and brain swelling.

Statistical analysis

Statistical analyses were performed using SigmaStat® (Jadel Inc,
Brandon, FL) software, applied within each subgroup analysis us-
ing Fisher test to compare proportions. To evaluate the incidence
of EVD-related infection system, we stratified the independent
variables as dichotomous form of ventricular bleeding, age great-
er or less than 60 years, and time of catheterization (>5 days or
<5 days). A p value of less than 0.05 was considered significant.
The procedures that were performed in this study were previ-
ously approved by the ethics committee of our hospital and were
in accordance with the principles of the Declaration of Helsinki.

Description of the EVD “monoblock” system

The straight radiopaque ventricular silicone catheter, the curved
trocar of stainless steel, and the safety systems that prevent
accidental breakage and displacement of the ventricular cath-
eter were identical to those of conventional EVD systems. The
drainage system consisted of a measuring scale of millimeters
that went up to 25 cmH,0, with a parallel scale in mmHg and a
system of tubes that were connected to the collection bag fit-
ted with a one-way valve (Figure 1). The differences in the sys-
tem compared to the conventional system were the absence of
stopcocks and the presence of an injection port for drug infu-
sion that was called an “interlink”, to prevent violation of the
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Figure 1. Schematic drawing of the external ventricular drainage monoblock system. (A) First interlink without connections, it
allows the collection of CSF for analysis without needle. (B) Collector tube with level marking for proper height. (C) Unique
connector in the external ventricular drainage system, with special locking system that serves to unstop for acute
obstruction. (D) Second interlink that allows emptying the collection bag without needles and damage to the system.

system and disconnection. The technique used to implant the
EVD system is very similar to the conventional one: the cathe-
ter is introduced after a burr-hole is made at the Kocher point
until it reaches the ventricles (about 5.5 cm from the inner ta-
ble of frontal bone). Once CSF is obtained, the catheter is exte-
riorized through a counter-opening at least 10 cm away from
the incision and fixed to the skin. Since there are no stopcocks,
CSF sampling is made through the interlink, keeping the sys-
tem relatively closed and preventing contamination and acci-
dental disconnections.

Results

Table 1 shows the distribution of patients according to sex, eti-
ology, infection, and type of EVD system. The study popula-
tion consisted of 46 patients (18 women [39.1%] and 28 men
[60.9%)]). The mean age of the patients was 41.84+21.05 years

(range, 10 months to 71 years). The leading cause of EVD place-
ment was ventricular hemorrhage in 24 patients (10 sponta-
neous brain hematomas, 7 patients with SAH with ventricular
bleeding, and 7 patients with traumatic brain injury). The over-
all infection rate was 8.7% (4 cases), excluding the cases with
previous ventriculoperitoneal shunts and those with endoscop-
ic ventriculostomies. Four patients had previously confirmed in-
fections, and 3 had undergone craniotomies for aneurysm clip-
ping. If we consider the patients who underwent EVD placement
without other neurosurgical procedures, ventriculitis was noted
in only 1 patient, a poly-traumatized victim of a traffic accident,
who had diffuse axonal injury with ventricular bleeding (VB). He
underwent EVD placement and received a direct cerebral ox-
imetry catheter. After 5 days, catheter infection was confirmed
in the CSF that was collected at the time of catheter removal.

The average length of time the catheter was implanted was 5
days, ranging from 3 to 9 days. The microorganisms involved
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Table 1. Distribution of patients according to sex, etiology,
infection and type of EVD system.

| %
Sex
"""" male 8 &
"""" Female 18 39
Cemooy
"""" Stroke (brain hematoma) 10 217
"""" Subarachnoid hemorrhage 7 152
"""" Brainijuy 7 152
C wmor s 26
"""" ohe 7 152
Cnfecion
"""" 0 143 23
"""" EVD + craniotomy  3in46 65
VD system and infecton
Monoblock ainse 87
CConventionalr  2in119 183

EVD — external ventricular drainage system. * Referring data
published in another paper of our institution [17].

were Acinetobacter baumannii complex, which was present in
2 patients (50%), followed by Enterobacter cloacae, present in
1 patient (25%), and Pseudomonas aeruginosa, present in 1
patient (25%). Age, etiology, and VB were not statistically sig-
nificant risk factors. In this group, the severity of VB did not
influence the outcome. We did not verify any cases of acciden-
tal disconnection of the system or catheter malfunction due
to obstruction (caused by the clot), even in patients with VB.

Infection occurred in 3 of 24 patients with VB and only in 1
of 22 without this condition (12.5% vs. 4.5%, p=0.09). In rela-
tion to duration of catheterization, infection was present in 1
of 8 patients with EVD for less than 5 days and in 3 of 38 with
EVD for 5 or more days (12.5% vs. 7.9%, p=0.46). Infection oc-
curred in 3 of 36 patients younger than 60 years (8.7%) and 1
of 10 patients older than 60 years (10%), but these differenc-
es were not statistically significant (p=0.69).

Discussion

In the management of intracranial hypertension, ventricu-
lar catheters have been shown to be of considerable value.
Unfortunately, despite the preventive measures, there are
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still complications associated with EVD. Infections are of par-
ticular concern, with reported rates ranging from 0% to 45%
[4,14-26]. This wide range of infection rates is most likely at-
tributable to many factors, including the variety of popula-
tions evaluated and the use of dissimilar methodologies in the
management of ventricular catheters. Specifically, the use of
antibiotic prophylaxis, the techniques of catheter placement,
and the methods of CSF sampling have varied between stud-
ies, and these differences probably affected the observed in-
fection rates. In addition, multiple studies that have evaluat-
ed ventriculostomy-associated infections have used different
definitions of infection. Several studies have defined infection
as either pleocytosis or abnormal CSF protein or glucose lev-
els, in addition to a positive CSF culture [4,21], which was the
criterion used in our study.

Tronnier et al. evaluated different EVD systems and concluded
the following: 1) catheters should have an outer diameter of at
least 3 mm and an inner diameter of 1.5 mm to avoid occlu-
sion; 2) because catheters without length marks are often too
deeply introduced into the ventricle, they should have length
marks at 5, 7.5, and 10 cm to facilitate correct positioning; 3)
the only acceptable procedure is fixation of the catheter to the
galea with a stiff connector at the end of the silicone cathe-
ter; 4) impregnation of the ventricular catheter with antibiot-
ics decreases the infection rate; 5) the tunneling between the
burr hole and the exit of the galea should be at least 10 cm
to prevent infections; 6) the presence of one-way valves pre-
vents the reflux of CSF from the collection bag into the ventri-
cles, preventing infection; and 7) antimicrobial filters should
be integrated into air vent caps to balance atmospheric pres-
sure without the risk of contamination, and it is necessary to
replace the filter caps after they are in contact with drainage
contents, which renders them useless [1].

Mayhall et al. conducted a prospective study of 172 consecu-
tive patients who underwent a total of 213 ventriculostomies,
reporting an 11% incidence of ventriculitis. They found that
the risk factors for ventriculostomy-related infections were
intracerebral hemorrhage with intraventricular hemorrhage,
neurosurgical operations, intracranial pressure of 20 mm Hg
or more, ventricular catheterization for more than 5 days, and
irrigation of the system; however, a previous ventriculosto-
my did not increase the risk of infection in subsequent proce-
dures. The authors suggested that, if monitoring is required
for more than 5 days, the catheter should be removed and a
new one inserted at a different site [14].

In the study by Holloway et al, 61 out of 584 patients with ven-
triculostomies developed ventriculitis, resulting in an incidence
rate of 10.4% [15]. Park et al. found an overall infection rate of
8.6% in 595 patients with prolonged ventricular catheteriza-
tion (duration of catheterization averaged 8.6 days, and 213
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went beyond 10 days) [16]. They found that neither age, sex,
diagnosis, catheter exchange, nor CSF leakage significantly af-
fect the infection rate. The location of the patient at the time
of catheter insertion, however, did have a significant impact
on the infection rate. Specifically, patients who had their ven-
tricular catheter placed at an outside institution had a higher
risk for infection — they had a hazard ratio of 3.42, which im-
plied a significant increased risk. Unfortunately, with the limit-
ed information provided on their technique of catheter place-
ment, little can be concluded from this finding.

Similar to our experience, another study of 58 patients with
continuous intracranial pressure monitoring by ventricu-
lar catheterization reported an overall infection rate of 8.6%
[17]. Another study that was performed in our institution by
Camacho et al. on 119 patients who underwent EVD procedures
showed an incidence of infection of 18.3%, and mortality was
not significantly different between patients who were infect-
ed with Gram-negative (56%) or Gram-positive (50%) micro-
organisms. The species of microorganisms that were isolated
from patients with EVD-related infections were the following:
6 (27.3%) strains of A. baumannii (3 of which were carbape-
nem resistant); 4 (18.2%) strains of Klebsiella pneumoniae; 3
(13.6%) strains of Enterobacter spp.; 3 strains (13.6%) of P.
aeruginosa (1 of which was carbapenem resistant; 2 strains
(9.1%) of Staphylococcus epidermidis; and 1 strain (4.5%)
each of Stenotrophomonas maltophilia, Staphylococcus aure-
us, Enterococcus faecium, and Micrococcus sp. The only inde-
pendent risk factor associated with infection according to the
multivariate analysis was the duration of catheterization [18].

We obtained an 8.7% ventricular rate of infection in patients
who underwent EVD. The monoblock system did not result in
lower infection rates, which have been reported for the con-
ventional system (with stopcocks and devoid of interlinks) [16].
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All the 4 cases who presented ventriculitis have peculiarities
and this seems to have affected the infection rate found. In 2
cases, patients concomitantly underwent EVD placement and
craniotomies for cerebral aneurysm clipping after SAH, and, in
the other case, the patient underwent a decompressive crani-
ectomy after posterior fossa brain swelling in a postoperative
attempt to clip a vertebral aneurysm, requiring EVD. In the sin-
gle case with isolated EVD placement, the patient suffered se-
vere head trauma and was subjected to the simultaneous pas-
sage of an intraparenchymal catheter to measure intracranial
pressure and EVD. Thus, all the cases had at least 2 compli-
cating factors for infection: cerebral hemorrhage and anoth-
er neurosurgical procedure (craniotomy). Regarding the loca-
tion of the procedure, all of our cases were subjected to EVD
in the operating room with aseptic techniques. Gram-negative
microorganisms were responsible for infection in about 50%
of cases. Regarding to the microorganism identified in the
culture, Liétard et al. [27] reported that Gram-positive agents
are responsible for 75.8% of the infections; however, in Latin
American hospitals, Gram-negative agents have increased in-
cidence, mainly Pseudomonas aeruginosa, Acinetobacter bau-
mannii, and Klebsiella pneumonia [28].

Conclusions

Despite the small sample in this pilot study, we believe that
the new monoblock EVD system is a simple modification that
is useful and inexpensive, with a placement technique very
similar to the conventional systems, and that avoids acciden-
tal EVD system disconnections.
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