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ABSTRACT

Background: Cerebrospinal fluid (CSF) leakage is a common complication of ventriculoperitoneal shunt (VPS)
and has the potential to induce shunt infection. Especially in infants and children, these are serious complications.

DuraGen is a collagen matrix dural substitute used to reduce the risk of CSF leakage in various neurosurgeries.
We report our VPS procedure with DuraGen for preventing postoperative CSF leakage in patients aged <1 year.

*Corresponding author: Methods: We used DuraGen to prevent postoperative CSF leakage in six VPS surgeries. Antibiotic-impregnated
Masanori Sato, shunt catheters and programmable valves with anti-siphon devices were also used in all cases. DuraGen was
Department of Neurosurgery, placed inside and atop the burr hole. All cases had an initial shunt pressure of 5 cmH,O. Fibrin glue was not used.
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Quick Response Code: A ventriculoperitoneal shunt (VPS) is a common procedure for hydrocephalus in newborns

and infants. Cerebrospinal fluid (CSF) leakage is a common complication of VPS, occurring
in about 7% of patients who have undergone VPS."*! There are several proposed methods for
preventing CSF leakage, including low-pressure or programmable valves, minimal dural incision,
frontal burr hole, catheter placement in a region containing the largest cerebral portion, and
postoperative positioning with the head raised.™!”!
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Shunt infection is a serious complication that could lead
to severe morbidity and mortality;>**) moreover, it has
economic effects.>'”**! The shunt infection rate after VPS
surgery is 4.1-20.5%.!") CSF leakage is among the risk factors
for shunt infection.” Specifically, CSF leakage at the surgical
site increases the risk of infection by 19.16-fold®” up to
27-fold.”! In addition, CSF accumulation along the shunt
tract is associated with a significant increase in the risk of
infection.! Young age is another reported risk factor for
shunt infection.”1¢18! Therefore, it is important to prevent
CSF leakage to reduce postoperative complications.

The collagen matrix acts as a scaffold on which host
fibroblasts lay down new collagen, which promotes fibrin
clot formation, with full reabsorption with the dura healing
and integration into the endogenous dura mater.®?
Collagen matrix dural substitutes are used to reduce the
risk of CSF leakage in various neurosurgeries. DuraGen
(Integra Lifesciences, Plainsboro, NJ, USA) is a sutureless
dural substitute graft composed of purified type I collagen
extracted from bovine Achilles tendons.

Herein, we report our VPS procedure with DuraGen for
preventing postoperative CSF leakage in patients aged
<1 year.

MATERIALS AND METHODS

We used DuraGen in all VPS surgeries in patients aged
<1 year at Kagoshima City Hospital between June 2020
and December 2020. We performed six VPS surgeries with
DuraGen (including one revision VPS surgery) in this
period. Nine patients aged <1 year who underwent VPS
surgery with antibiotic-impregnated shunt catheters (AISCs):
Bactiseal (Codman, Johnson and Johnson, Raynham,
Massachusetts, USA) and programmable valves: proGAV
2.0 (Miethke, Aesculap, Potsdam, Tuttlingen, Germany) or
Hakim Medos (Codman, Johnson and Johnson, Raynham,
Massachusetts, USA) without DuraGen (including two
revision VPS surgeries) before June 2020 were considered
the control group (non-DuraGen). Table 1 shows patients’
characteristics. All DuraGen cases were treated using
ventricular and AISCs: Bactiseal (Codman, Johnson and
Johnson, Raynham, Massachusetts, USA), which were
connected to a programmable valve with anti-siphon devices:
proGAV 2.0 (Miethke, Aesculap, Potsdam, Tuttlingen,
Germany). Furthermore, all cases with DuraGen had an
initial shunt pressure of 5 cmH,O.

Figure 1 shows how to use DuraGen in our VPS procedure.
First, a semicircular skin incision was made, and the skin
flap was detached under epicranial aponeurosis. The pedicle
periosteum was peeled to make a 5-7 mm diameter burr
hole. Next, a ventricular tube was placed in the anterior
horn of the lateral ventricle. A 5 mm? notched DuraGen#
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was placed on the dura mater in the burr hole and enclosed
the ventricular tube [Figure la and b#]. If possible, the
DuraGen# and burr hole were then covered with the peeled
pedicle periosteum. In addition, the tube and burr hole were
covered with 1.5 cm? DuraGen* [Figure la and b*]. Finally,
we performed normal wound closure. Fibrin glue was not
used in all cases.

RESULTS

All patients underwent follow-up for a year after VPS
surgery. There was no consistent postoperative subcutaneous
CSF collection or leakage (zero of six surgeries) in the
DuraGen group; in contrast, six cases of CSF leakage
(including subcutaneous CSF collection) were observed in
the non-DuraGen group. There were also no cases and two
cases of postoperative shunt infection in the DuraGen and
non-DuraGen groups, respectively. Moreover, two cases
of shunt infection with CSF leakage that required revision
surgery were noted in the non-DuraGen group, while one
case of ventral tube obstruction without infection that
required revision surgery was reported in the DuraGen
group. In addition, DuraGen-induced adverse events were
not observed in all surgeries.

Table 1: Patient characteristics of the DuraGen and non-DuraGen
groups.
Factors DuraGen non-DuraGen
Number of patients 6 9
Sex (number)
Male 4 3
Female 2 6
Gestational age (weeks)
Median 37.0 37.4
Range 24.0-37.7 23.6-39.1
Birth weight (g)
Median 2466.5 2670
Range 660-3170 576-3168
Chronological age at surgery (days)
Mean 99.5 84.9
Range 12-168 7-188
Weight at surgery (g)
Median 3557.5 4360
Range 3170-7720 2935-9450
Etiology
Intraventricular hemorrhage 2 1
Occipital encephalocele 2 3
Myelomeningocele 1 5
Dandy-Walker syndrome 1 0
Initial pressure of the valve (cmH,O)
Median 5 5
Range 5 5-7
Antibiotics usage (days)
Mean 5.17 7.29
Range 3-9 3-15
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Figure 1: Place a 5 mm? notched DuraGen in the burr hole and enclose the ventricular tube
(a #and b #). Cover with 1.5 cm? DuraGen over the tube and burr hole (a *and b *). (a) Overlooking

view. (b) Sectional view.

DISCUSSION

Our previous nine patients with VPS aged <1 year using
AISCs and programmable valves without DuraGen had
six subcutaneous CSF collections or CSF leakage and two
infections. It was suggested that DuraGen has a preventive
effect on CSF leakage in patients <1 year.

Collagen matrix is commonly used in dural closure and
plasty in various neurosurgeries. Graft encapsulation, neo-
membrane formation, delayed bleeding, and foreign body
reaction have not been reported in dural plasty with collagen
matrix dural substitutes.>?) DuraGen is almost noninfectious,
nonantigenic, and nonimmunogenic, with all substances,
including viruses, except for collagen removal. Collagen
matrices have comparable infection rates as other dural
closure techniques (6.1 vs. 5.7% [P = 0.67])."8) There were
no DuraGen-related adverse events; in addition, collagen
matrices are considered highly safe for newborns and infants.

DuraGen is a sutureless dural substitute graft. Collagen
matrix dural substitutes initially adhere to the dura through
surface tension."” Neulen et al!" examined DuraGen
adhesion and water tightness in dural plasty using pigs. They
observed CSF leakage at 5.5 £ 4.6 mmHg in dural plasty
with DuraGen, with adjustment of the intracranial pressure
using the head down and Valsalva maneuver. All our cases
had an initial shunt pressure of 5 cmH,O (= 3.68 mmHg).
Using a CSF diversionary procedure, postoperative CSF
leakage disappeared in very extensive posterior fossa surgery
and Chiari malformation surgery associated with temporary
or permanent hydrocephalus, in which dural plasty was
performed using the collagen matrix."” Adhesion through
surface tension could be maintained until chemical adhesion
by fibrin is obtained. In addition, DuraGen, which is placed
on the burr hole and adheres to the surrounding tissue
around the burr hole through surface tension, is pressed
by the sewn-closed skin flap to yield a strong sealing effect
to prevent CSF leakage from the burr hole. In addition,

DuraGen could reduce the subcutaneous dead space for CSF
collection. Since the collagen sponge absorbs fluid without
increasing its volume, there is a low risk of necrosis of the
skin flap due to the strong pressure on it. First, DuraGen
has a dural closure effect by promoting fibroblast infiltration
and fibrin clot formation.®? Narotam et al.' reported that
2-10 days after surgery, the collagen sponge was already
adherent to the dura; moreover, fibrin, which is derived from
blood in the surgical area, had formed a good seal against the
CSF at the edges. DuraGen is thought to tightly adhere to
the dura immediately after surgery to prevent CSF leakage.
Soon after surgery, DuraGen is presumed to tightly adhere
to the subcutaneous tissue, accelerating subcutaneous wound
healing."” We speculated that these processes prevented
subcutaneous CSF collection and CSF leakage on our VPS
procedure.

Despite these findings, a limitation of this nonrandomized
controlled study was its small sample size. DuraGen was used
in our VPS procedure for the 1 time in June 2020 with the aim
of preventing CSF leakage, as shown in Figure 1. Given that
there was no CSF leakage in the first case, DuraGen was used
in all five consecutive VPS procedures, all of which reported
no CSF leakage. Therefore, we compared the incidence of CSF
leakage when performing VPS procedures with and without
(before June 2020) DuraGen. To clarify the preventive effect
of DuraGen on CSF leakage, further trials are necessary.

CONCLUSION

Our findings suggest that DuraGen can be safely used in
neonates and infants, and it has a preventive effect on CSF
leakage.
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