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Abstract
Background: Post‑operative cerebrospinal fluid (CSF) leak in posterior fossa
surgery remains a significant source of morbidity. TissuePatchDural (TPD), a
novel impermeable adhesive membrane, was used to reinforce dural closure.
A comparison with one of the most commonly used dural sealing devices, DuraSeal,
has been made.
Methods: A retrospective, single‑center study was conducted on 161 patients
who underwent elective posterior fossa surgery. On surgeon’s opinion, when a
primary watertight closure was not possible, they received TPD or DuraSeal to
reinforce dural closure.
Results: Out of 161 patients analyzed, 115 were treated with TPD and 46 with
DuraSeal. The post‑operative leaks related purely to TPD or DuraSeal failure
were recognized in 3 (2.6%) and 5 (10.86%) cases, respectively (P = 0.015). The
presence of pre‑ and post‑operative risk factors was associated with an increased
incidence of CSF leak in both groups. TPD showed a better control in patients
without these risk factors (P = 0.08). The incidence of CSF leak in patients who
underwent posterior fossa surgery by craniectomy was statistically lower in TPD
group compared to DuraSeal group (3.22% vs 17.8%, respectively; P = 0.008)
Conclusions: TPD seems to be a safe tool for use as an adjunct to standard
dural closure in posterior fossa surgery, particularly in patients without pre‑ or
post‑oper ative risk factors, in those who did not develop hydrocephalus, and who
underwent craniectomy. The CSF leak rate in TPD group was found to be lower or
within the range of the more advanced alternative dural closure strategies, including
polyethylene glycol (PEG)‑based sealant.
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INTRODUCTION
Cerebrospinal fluid (CSF) leak still remains a significant
source of morbidity in neurosurgery, particularly after
posterior fossa surgery. Current treatments aim to
promote wound healing by reducing CSF pressure (CSF
lumbar drainage or repeated spinal taps) and to prevent
infections by administering intravenous antibiotics to
the patient. Failure of these treatments potentially
requires further surgical intervention. In spite of these
treatments, infections, meningitis, encephalitis, and
pseudomeningocele formation may complicate the
post‑operative course and result in permanent damage
or delay the beginning of adjuvant therapy in oncologic
cases.[13]
Although technological advances in neurosurgical
techniques have reduced the occurrence of post‑operative
CSF leak, the incidence in posterior fossa surgery can
be as high as 17%.[8,14,19,20,22,24,33,40,44,48,51,60] Furthermore,
the costs related to treating patients affected by this
complication have been estimated to be 141% greater
than that of patients without a CSF leak.[23]
Various approaches have been taken to overcome this
issue by the use of a variety of techniques or products to
achieve a watertight dural closure. These have included
meticulous primary dural closure, lumbar drainage, the
use of autologous grafts such as fat or pericranium,
dural replacements, Gelfoam (Pfizer, New York, NY,
USA), DuraGen (Integra LifeSciences Corporation,
Plainsboro, NJ, USA), and fibrin glue, among others. In
recent years, DuraSeal (Covidien, Mansfield, MA, USA),
a synthetic absorbable hydrogel containing polyethylene
glycol (PEG)‑based polymers, has gained in popularity as
a dural sealant.
A number of studies have reported a reduction in the
incidence of CSF leakage, but only one study considered
the incidence of CSF leaks following posterior fossa
surgery.[3,10] In this study, Than et al. demonstrated the
efficacy of DuraSeal compared to fibrin glue.[59]
TissuePatchDural (TPD) (Tissuemed Ltd, Leeds, UK) is
a self‑adhesive, absorbable surgical membrane indicated
for adjunctive prevention of CSF leak in neurosurgery.
In this retrospective, non‑randomized, single‑center study,
the authors compared the safety and effectiveness of this
novel sealant film (TPD) with DuraSeal, a synthetic
liquid formulation, in reducing the incidence of both
incisional CSF leak and pseudomeningocele following
posterior fossa surgery.

MATERIALS AND METHODS

Patient population

This study is a retrospective, single‑center clinical
investigation conducted on 545 patients who underwent
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elective posterior fossa surgery in a 30 month period
(January 2009-June 2011), with a 6‑month follow‑up
period for each patient. Informed consent was obtained
from all patients. Pre‑operative admission criteria
included adult patients undergoing clean elective surgical
procedures. Previous radiotherapy (RT), previous surgery,
and chronic corticosteroid therapy were not considered
the exclusion criteria. Intra‑operative inclusion criteria
were a wide cisternal and/or ventricular opening and
failure to obtain a watertight primary closure with
a standard dural microsuture (leakage evidenced
by subdural irrigation of the surgical cavity prior to
completion of suturing, followed by Valsalva maneuver
and/or positive pressure ventilation to test the completed
primary suture closure). On surgeon’s opinion, patients
received either TPD or DuraSeal to reinforce dural
closure. In the period between January 2009 and June
2011, 161 consecutive patients treated at the authors’
institution and who met the inclusion criteria described
above were selected. Of these 161 patients (108 females
and 53 males; mean age 45 years, range 8-78 years), 115
were treated with TPD and 46 with DuraSeal.
For analysis, patients were stratified according to the
presence of: (1) pre‑operative risk factors, including
(a) chronic corticosteroid therapy, b) previous surgery,
and (c) radiation therapy; (2) intra‑operative risk
factors, including (a) no dural gap (CSF leakage on
Valsalva maneuver and/or positive pressure ventilation),
(b) small gap (<5 mm) plugged with muscle or collagen,
(c) need for duroplasty); and (3) post‑operative risks
factors, including a) early and (b) late post‑operative
hydrocephalus [Table 1].
All patients underwent daily post‑operative wound
examination in order to assess the occurrence of subgaleal
CSF collection, incisional CSF leak, any inflammatory
reaction, or wound infection. To monitor post‑operative
complications, a brain CT or MR scan was performed
within 48 h in all patients who underwent lesion
resection and occipito‑axial decompression for Chiari
malformation. Patients with neurovascular conflicts
who underwent microvascular decompression were only
scanned if they displayed clinical symptoms. In case of
leak or subcutaneous liquid collections, a biochemical
testing for β‑2 transferrin was performed to confirm CSF
presence. The wound was then examined at 2 weeks and
6 months after surgery. In addition, in the period from
2 weeks to 2 months, patients were instructed to contact
the hospital in case of wound leak and/or subgaleal
collection. Demographic data and operative and outcome
data were collected and analyzed.
In this study, the term “CSF leak” was used for both
pseudomeningocele and incisional CSF leaks. The
etiology of these complications is leakage of CSF from
the subarachnoid space into the extradural compartment.
When the skin incision has adequately healed, a
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Table 1: Pre‑, intra‑, and post‑operative risk factors in the 161 patients submitted to surgical procedures for infratentorial
pathologies
Risk factors
Pre‑operative
Previous surgery
Prior radiation
Chronic corticosteroid therapy
Post‑operative
Early hydrocephalus
Delayed hydrocephalus
Any pre‑ or post‑operative
Pre‑ and post‑operative risk factors
No pre‑operative or post‑operative risk factor
Intra‑operative
No dural gap (CSF leak only after Valsalva)
Small gap<0.5 cm (plugged with muscle or condress)
Large gap>0.5 cm (sutured dural substitute)

Number of patients

Proportion of leaks (%)

TPD

DuraSeal

TPD

DuraSeal

z-test
(P value)

11
3
4a

7
2c
2d

3/11 (27.3)
2/3 (66.6)
3/4 (75)

0
1/2 (50)
1/2 (50)

1.51 (P=0.065)
0.37 (P=0.356)
0.61 (P=0.271)

2
8b

1
4

0/2 (0)
6/8 (75)

0 (0)
3/4 (75)

NA
NA

20
95

14
32

7/20 (35)
2/95 (2.1)

4/14 (28.6)
4/32 (12.5)

0.39 (P=0.348)
−2.40 (P=0.008)

45
61
9

9
30
7

1/45 (2.2)
6/61 (9.8)
2/9 (22.2)

0/9 (0)
4/30 (13.3)
4/7 (57.1)

0.45 (P=0.326)
−0.50 (P=0.308)
−1.43 (P=0.076)

All submitted to previous surgery and radiotherapy also; bFour of them submitted to previous surgery and radiotherapy also; cOne submitted to previous surgery also; dOne
submitted to previous surgery and radiotherapy also, NA: Not applicable, TPD: Tissuepatchdural, CSF: Cerebrospinal fluid
a

pseudomeningocele may develop; otherwise, an incisional
CSF leak may occur. Both situations should be considered
as a failure of the dural sealant to prevent CSF from
leaking to the extradural compartment.[59]

TissuePatchDural

TPD [Figure 1] is a sterile, synthetic, self‑adhesive,
absorbable surgical sealant and barrier. It is a thin
transparent film available in four different sizes
ranging from 25 × 50 mm to 100 × 100 mm. It is
a multilayered device comprising alternate layers of
poly (lactide‑co‑glycolide) and a proprietary adhesive
TissueBond™. Poly (lactide‑co‑glycolide) is a resorbable
membrane that provides reliable strength for temporary
wound support. TPD is not a dural replacement/substitute.
According to data provided by the manufacturer
(Tissuemed Ltd, Leeds, UK) see the product instructions
for use), the material achieves its adhesive properties by
virtue of the initial tack provided by poly (acrylic acid)
and poly (vinyl pyrrolidone) functional groups and longer
term adhesion via nucleophilic substitution reaction
between N‑hydroxysuccinimide (NHS) and amines.
TPD remains in position while it slowly degrades until
substantially reabsorbed facilitating tissue in‑growth and
wound healing.

DuraSeal

DuraSeal is a synthetic absorbable dural sealant, which
can be used to support primary dural closure. As described
in the manufacturer’s insert, DuraSeal is an US Food
and Drug Administration (FDA) approved product that
is indicated as an adjunct to sutured dural repair during
cranial surgery to provide a watertight closure. More
recently, it has received FDA approval for use in spinal

Figure 1: TissuePatchDural film (50 × 50 × 0.04 mm) before (left
side) and after activation and adhesion to the sutured dural surface
in infratentorial craniotomy (right side)

surgery. It contains PEG, a non‑toxic and biocompatible
polymer. When water‑soluble functionalized PEG is
mixed with trilysine (a small molecule amine with reactive
linkages), the solutions combine to form the sealant
gel that can be sprayed or layered onto the site of dural
repair. The cross‑linking of PEG and trilysine molecules
creates a 3‑dimensional hydrogel structure that gradually
hydrolyzes (water gradually degrades the cross‑linked
bonds in a uniform fashion just like absorbable sutures).
According to data provided by the manufacturer, it is
cleared from the site in 4-8 weeks, which is enough time
to allow healing.
Directions and precautions include its avoidance with
other hemostatic agents or sealants and the requirement
to achieve adequate hemostasis before its application.
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The DuraSeal manufacturer’s insert also includes
“contraindications, warnings, and exclusion criteria”
concerning its use. One major warning states, “Do not
apply DuraSeal hydrogel to confined bony structures
where nerves are present since neural compression may
result due to hydrogel swelling. The hydrogel may swell
up to 50% of its size in any dimension.” Contraindications
to its use include a history of allergy, penetration of an air
sinus, renal/hepatic/immune dysfunction, head trauma,
and infection; it is also to be avoided with hydrocephalus,
a ventricular drain, or lumbar drain.

Technique

TPD or DuraSeal was used after standard sutured closure
of the dura mater, when subdural irrigation and Valsalva
maneuver confirmed the presence of a visible CSF
leak. When air‑filled cavities within cranial bones were
opened, e.g. mastoid air cells, muscle or wax was used
as a sealant. Small dural gaps (<5 mm in diameter),
when present, were plugged with muscle (when available)
or collagen sheet (Condress®; Abiogen Pharma S.p.A.,
Ospedaletto (Pi), Italy) before the application of the
TPD or DuraSeal, in order to create a barrier to CSF leak
and to avoid the adhesion of the sealant to the cerebral
tissue. In 16 cases, a large defect in the dura mater
was present and required reconstruction with various
dural substitutes (Duraform™, Codman and Shurtleff,
Inc., Berkshire UK; DuraGen®, Integra LifeSciences
Corporation; Tutopatch®, Tutogen Medical GmbH,
Neunkirchen, Germany). Care was taken to ensure the
dural surface was as dry as possible, with excess blood or
fluid removed to avoid premature activation and ensure
optimal attachment of both products to the surface of
the tissue. When the TPD was applied, wet cottonoids/
swabs were used to soften the film and increase
conformability. Gentle digital pressure for at least 60 s
assisted the TPD to adhere to the tissue surface by virtue
of the bioadhesive properties of TissueBond™. Following
preparation of the DuraSeal kit (involving hydration of
component powder by mixing vials), the reconstituted
DuraSeal sealant was applied to the sutured dura via a
bespoke syringe provided by the manufacturer.
Following sealant application, patients were again
assessed for intra‑operative CSF leakage through the
sealed durotomy with a second Valsalva maneuver for
10 s. An intra‑operative watertight closure was obtained
in all patients who received either sealant. The wounds
were closed in layers. A subgaleal or subfascial drain was
inserted as necessary and prophylactic antibiotic therapy
was administered during and after surgery in accordance
with standard of care.

Statistical analysis

Statistical analysis was undertaken using Prism 4
version 4.0a (GraphPad Software, Inc., San Diego, CA,
USA). Durotomy size, the requirement for duroplasty or
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plugging of dural gaps with muscle or collagen, chronic
corticosteroid therapy, previous surgery, radiation therapy,
and post‑operative hydrocephalus were all evaluated as
variables that had the potential to influence the rate of
CSF leak.
The two‑proportion z‑test was used to assess the difference
in proportion of patients developing CSF leak between
those in whom TPD or DuraSeal was used. Statistical
significance was set at one‑tailed P < 0.05 level as our
hypothesis was that the proportion of patients developing
CSF leak should be lower in those patients in whom TPD
was used. The following groups were tested: Pre‑ and
post‑operative risk factors, intra‑operative risk factors,
presence of hydrocephalus, and absence of hydrocephalus.
Separate analyses were also carried out in patients who
underwent different surgical approaches: Proportion of
patients with CSF leak was tested in the subgroup of
patients that underwent craniotomy or craniectomy.
A further separate analysis was also carried out in patients
with or without a dural gap after primary closure: Proportion
of patients with CSF leak was tested in the subgroup of
patients in which TPD or DuraSeal was applied. Finally, we
compared the total CSF leak proportion between patients
undergoing craniotomy or craniectomy, irrespective of the
use of TPD or DuraSeal; in this case, significance was set at
two‑tailed P < 0.05 level as we had no specific hypothesis
on the direction of proportions to test.

RESULTS

TissuePatchDural

Overall, TPD was used in 115 posterior fossa
surgeries. The mean follow‑up was 8.4 months (range
4-34 months). CSF leak was detected in 9 (0 incisional
leaks and 9 pseudomeningoceles) out of 115 cases (7.8%).
CSF leak presented as rhinorrhea in one patient and
as subgaleal CSF collection in eight. Table 1 provides
baseline patient data including pre‑operative risk
factors (chronic corticosteroid therapy, previous surgery,
radiation therapy), intra‑operative data (durotomy size,
requirement for duroplasty or for plugging dural gaps with
muscle or collagen), and post‑operative risk factors (early
or delayed hydrocephalus). A significant difference in
the proportions was found only for patients who had
no pre‑ or post‑operative risk factors: Those in the TPD
group had lower incidence (2.1%) of CSF leak than those
in the DuraSeal group (12.5%). In general [Table 2],
lower incidence of CSF leak was observed in patients
treated with TPD (7.8%) than in those treated with
DuraSeal (17.4%).
Of the nine patients with a CSF leak, six (5.21%)
presented with associated post‑operative hydrocephalus
that was treated using a ventriculo‑peritoneal shunt
(n = 4) or with endoscopic third ventriculostomy (n = 2).
We, therefore, concluded that post‑operative leaks
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related purely to TPD failure were recognized in 3 out
of 115 cases (2.6%). Of these three patients, one patient
with a rhinoliquorrhea after a retrosigmoid approach for
microvascular decompression required surgical revision,
while the other two patients healed with conservative
treatment (CSF lumbar drain). There was no significant
(P < 0.05) statistical difference in the incidence of CSF
leaks between the three risk factor groups (pre‑, intra‑,
and post‑operative).
Furthermore, in one patient treated with TPD (0.87%),
where a dural gap was not visible at the end of dura
suturing, a CSF leak was evident in the post‑operative
period. Also, when a definite/visible dural gap was present,
despite the use of muscle, condress, or a dural substitute,
the incidence of post‑operative CSF leakage was higher
(gap dimension < 0.5 cm = 9.8%; gap > 0.5 cm = 22.2%)
[Table 1]. In one patient with no leak, a wound infection
was observed and required revision surgery. No correlation
with the use of TPD was found. No device‑related
adverse effects were observed.

DuraSeal

DuraSeal was used in 46 posterior fossa surgeries. The mean
follow‑up was 8.1 months (range 4-34 months). CSF leak
was detected in 8 out of 46 cases (17.4%) (2 incisional leaks
and 6 pseudomeningoceles) [Table 2]. CSF leak presented
consistently as a subgaleal CSF collection. Table 1
provides baseline patient data including pre‑operative,
intra‑operative, and post‑operative risk factors.
Out of eight patients with a CSF leak, three (6.52%)
presented with associated post‑operative hydrocephalus
treated with a ventriculo‑peritoneal shunt. Therefore,
we concluded the post‑operative leaks related purely
to DuraSeal failure were recognized in 5 out of
46 cases (10.86%). Of these five patients, three were
treated conservatively (lumbar drain); the other two
patients required further surgery due to incisional CSF
leaks after microvascular decompression and atlo‑axial
decompression for Arnold–Chiari type II disease. No
significant difference in CSF leak rate could be found in
the three risk factor groups.
Of these eight patients, one patient received RT
and chronic corticosteroid therapy. No patients with
a CSF leak had undergone prior surgery [Table 1].
Furthermore, no patient without a gap at the dural
closure presented a CSF leak. As observed in the
TPD group, when a dural gap was present, the
incidence of CSF leak was higher (gap dimension
< 0.5 cm = 13.3%; gap > 0.5 cm = 57.1%) despite the
use of muscle, condress, or a dural substitute [Table 1].
No further
observed.

DuraSeal‑related

adverse

Feasibility of TPD application

effects

were

The fragility of TPD means that careful handling of the
film is required in certain applications. TPD can be cut

to the required shape and size. It can also be applied to
confined bone structures without compressive effects.
The dural surface requires some preparation before
TPD application, to ensure the site is free from excess
blood and fluid. Delicate digital pressure for 60-120
s allows TPD to adhere properly. During the Valsalva
maneuver, the integrity of the seal is confirmed under
the microscope by checking that the dura is pulsating
without fluid leakage. Furthermore, hemostasis is
rechecked as there is a risk of dural bone detachment if
excessive pressure is applied.
The film also adhered to bone surfaces and
often oversized TPD was used in order to bridge over the
bone edges.

Feasibility of DuraSeal application

The application of Duraseal was found to be easier than
that of TPD. It was delivered as a liquid via a syringe
system and onto the sutured dura. The swelling of this
hydrogel was taken into account during application, as
it is reported to cause compression of neural structures
under the dura mater. Typically this mass effect could be
observed on post‑operative MRI scans, although in this
series, its presence did not result in any clinical symptoms.

Craniectomy vs Craniotomy

Table 3 reports the z‑test results for patients who
underwent craniectomy versus craniotomy. There was
Table 2: Two‑proportion z‑test to assess differences in
CSF leak incidence in TPD and DuraSeal total groups,
and in patients with or without hydrocephalus
Total CSF leak
proportion
CSF leak proportion
in patients with
hydrocephalus
CSF leak proportion
in patients without
hydrocephalus

TPD (%)

DuraSeal (%)

z‑test (P value)

9/115 (7.8)

8/46 (17.4)

6/115 (5.2)

3/46 (6.5)

z=−1.78
(P=0.038)
z=−0.33
(P=0.371)

3/115 (2.6)

5/46 (10.9)

z=−2.18
(P=0.015)

TPD: Tissuepatchdural, CSF: Cerebrospinal fluid

Table 3: Two‑proportion z‑test to assess differences in
CSF leak incidence in patients submitted to craniotomy
or craniectomy
Subgrups
Craniotomy
TPD

CSF leak in
z
Total CSF
z
subgroups (%) (one‑tailed P) leak (%) (two‑tailed P)
7/53 (13.2)

DuraSeal
Craniectomy
TPD

3/18 (16.7)

DuraSeal

5/28 (17.9)

2/62 (3.2)

−0.36
(P=0.359)

10/71
(14.1)

−2.48
(P=0.008)

7/90
(7.8)

TPD: Tissuepatchdural, CSF: Cerebrospinal fluid

1.29
(P=0.197)
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no statistically significant difference (P = 0.197) in
the incidence of CSF leaks in patients who underwent
craniectomy compared to craniotomy (7.8% and 14.1%,
respectively). Considering the incidence of CSF leak in
the craniectomy group, a lower leak rate was observed
when TPD was used (3.22% vs 17.8%, respectively;
P = 0.008). Parallel to this, no differences were
observed in the subgroup of patients that underwent
craniotomy (P = 0.359).

Comparison between TPD and DuraSeal groups
and analysis of specific risk factors

CSF leak rate was significantly lower (P = 0.038) in
patients treated with TPD (7.8%) than in those treated
with DuraSeal (17.4%), specifically in those without
hydrocephalus, where the z‑test was strong (z = −2.18;
P = 0.015)
The presence of pre‑operative (chronic corticosteroid
therapy, previous surgery, and radiation therapy) or
post‑operative (early and late hydrocephalus) risk factors
was associated with a higher incidence of CSF leakage.
The difference in proportion was significant only in the
TDP group: 35% of patients with pre‑ or post‑operative
risk factors developed CSF leak versus 2.1% of those
without risk factors (z = 4.98; P < 0.001). In the
DuraSeal group, the proportions were 28.6% and 12.5%,
respectively (z = 1.32; P = 0.187).
In the TPD group, 11 patients had previous surgery, 3 had
prior RT, and 4 received chronic corticosteroid therapy. In
addition, two patients presented with early hydrocephalus
and eight with late hydrocephalus (four of this cohort
had previous surgery and RT). In summary, a total of
20 patients presented with pre‑ and/or post‑operative risk
factors. Seven of these developed a CSF leak (35%). Of
the remaining 95 cases without pre‑ and/or post‑operative
risk factors (95), only 2 patients developed a CSF leak
(2.1%) [Table 1].
In the DuraSeal group, seven patients had previous
surgery, two had received RT (one of them had been
also submitted to previous surgery), and two were under
chronic corticosteroid therapy (one of these patients had
been also submitted to previous surgery and RT). In
addition, one patient presented with early hydrocephalus
and four with late hydrocephalus. Therefore, a total of
14 patients presented with pre‑ and/or post‑operative
risk factors. Four of these developed a CSF leak (28.6%).
Of the remaining 32 cases without pre‑ and/or
post‑operative risk factors, 4 patients developed a CSF
leak (12.5%) [Table 1].
On evaluating the influence of pre and post‑operative
risk factors between patients treated with TPD and
DuraSeal, we noticed a similar incidence of leakage
(35% vs 28.5%, respectively; P = 0.348). In the absence
of pre‑ and post‑operative risk factors, the incidence of
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CSF leaks in the TPD group was statistically significantly
lower (P = 0.008) compared to that in DuraSeal group
(2.1% and 12.5%, respectively). Excluding patients with
hydrocephalus, the incidence of CSF leak was significantly
lower in the TPD group than in the DuraSeal group
(2.6% and 10.86%, respectively; P = 0.015) [Table 2].
No statistical differences were found between the two
groups with regard to pseudomeningocele, presence of
hydrocephalus, or presence of rhinoliquorrea [Table 2].
Considering the size of dural gap (CSF leakage only
on Valsalva maneuver, small gap <5 mm plugged
with muscle or collagen, large gap >5 mm requiring
duroplasty), the absence of a clear dural gap following
standard microsuture was associated with prevention of
CSF leakage after TPD (z = −1.79; P = 0.036), but
not in the subgroup of patients in which DuraSeal was
applied (z = −1.53; P = 0.063) [Table 1].

DISCUSSION
CSF leak after posterior fossa surgery can occur in 2-17%
of cases and remains an unsolved problem since the time
of Cushing.[8,12‑14,19,20,22,24,33,40,44,48,51,60] This high variability
depends on numerous factors such as surgical approach
and location, general and local conditions (size and
location of dural resection, previous radiation therapy,
immunodepression, corticosteroid therapy, uncontrolled
diabetes, renal or hepatic dysfunction, etc.), surgical
technique, and CSF leak diagnostic methods (radiologic
or clinical diagnosis).[3,4,6,9,11,14,16,18,23,30,31,35,39,41,43,50,54,57,63] CSF
leak remains a potentially life‑threatening complication
due to the risk of meningoencephalitis. Interventions
to treat CSF leaks include repeated surgery, insertion
of lumbar drain, and administration of antibiotics to
address non‑healing wounds. All these factors can result
in prolonged hospitalization and the cost of CSF leakage
has been estimated to be 141% greater than that for
uncomplicated cases.[23] Our study showed, consistent
with our hypothesis, that the use of TPD was associated
with a lower incidence of CSF leak compared to that of
DuraSeal in this cohort of patients. Moreover, the use of
TPD resulted in a lower probability of developing CSF
leak in patients without pre‑ or post‑operative risk factors,
those who did not develop hydrocephalus, and those who
underwent craniectomy.
Since the early days of neurosurgery, watertight dural
closure has been advocated in order to avoid CSF
leakage.[21] Although recently it has been claimed
that watertight dural closure is not mandatory in
supratentorial procedures, direct watertight suturing of
the dural defect has been and is generally attempted in
every neurosurgical procedure.[2,15]
In the elderly, the dura can be particularly fragile
and adherent to the bone. Furthermore, when
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opened, it tends to shrink due to dehydration and
as a consequence of using bipolar coagulation. The
biochemical features of dura mater make it an elastic
membrane where needle piercing creates pinholes.
To aid dural sealing under problematic conditions
where watertight closure is desirable (but difficult to
achieve), different materials have been used alone or in
combination [Table 4].[5,7,10,25,28,46,55,59,61,66‑68]
The first duraplasty was performed in 1895 by Abbe,
who used rubber sheeting for defect closure.[1] Since
then, the search for the optimal closure technique has
continued and a variety of materials have been proposed,
including autografts (fascia, pericranium, fat, and
muscle), allografts (such as cadaveric dura), xenografts
[processed whole tissues or highly engineered collagen
matrices such as pericardium or DuraGen (Integra)],
and synthetic grafts [such as polytetrafluoroethylene
Gore and Associates Inc., Newark, DE, USA) and
polyester urethane (Neuropatch; B. Braun Melsungen
AG,
Germany)].[6,14,26,27,29,34,39,42,45,49,56‑58,61,64,66]
Clinical
use has identified various negative effects; for some, the
preparation and watertight suturing is time consuming,
for others inflammatory and foreign body reaction are
common; allografts and autografts can be compromised
by disease and are therefore not always available;
synthetic dural substitutes are associated with a high
percentage of infections and a still high percentage of
failure.[32,36,47,58,62,65,66]
In addition to grafts, other materials may be used
to augment dural closure [Table 4]. Fibrin sealants
including Tisseel (Baxter, Deerfield, IL, USA) have been
commercially available since the 1990s. They consist of
human‑derived fibrinogen and thrombin and are classified
as thromobogenic hemostats designed to treat low level
(not severe) of brisk arterial or venous bleeding.[52,53,62] The
disadvantages of fibrin sealant include time‑consuming
preparation. Furthermore, there have been reports that
fibrin sealants can precipitate acute immune responses;
chronically, they are associated with adhesion formation
and infection.[23]

In recent years, DuraSeal (Covidien), a synthetic
absorbable hydrogel containing PEG, has gained
popularity. The studies performed have reported a
decrease in the incidence of CSF leak compared with that
of traditional dural closure techniques [Table 4].[5,10,59,67]
In a prospective study, Cosgrove evaluated the safety
and efficacy of DuraSeal in patients undergoing elective
cranial surgery with documented CSF leakage after
sutured dural repair.[10] The authors reported a safe and
effective watertight closure when the DuraSeal was used
as an adjunct to sutured dural repair. The post‑operative
incisional CSF leak rate was 1.8%, but in excess of 50%
of procedures were supratentorial.
The report by Than et al. specifically considered the
efficacy of DuraSeal in a series of patients undergoing
posterior fossa surgery; in this study, they prospectively
collected the data of 100 patients undergoing posterior
fossa surgery with this PEG hydrogel to augment the
dural closure.[59] These results were compared with
a retrospective cohort of 100 patients treated with
fibrin glue. The incidence of incisional CSF leak
was 2% in the DuraSeal group and 10% in the fibrin
glue group (P = 0.03). If one combines the number
of patients who had a pseudomeningocele (8 in the
DuraSeal group and 5 in the fibrin sealant group;
P = 0.4) with those who had an incisional CSF leak
(2 and 10 for DuraSeal and fibrin sealant groups,
respectively; P = 0.03), there is no difference between
the two groups (10 and 15%, respectively; P > 0.5).
As highlighted by Steinbok in his reported response to
Than’s publication, the higher incidence of incisional
CSF leaks in the fibrin glue group may be related to
the closure type of the skin or of the subcutaneous
tissues, and not to the ability of DuraSeal to provide a
leak‑proof seal of the dura.[59]
In our study, we were not be able to find any statistical
difference between TPD and DuraSeal, including analysis
of both incisional CSF leaks and pseudomeningocele
together or alone.

Table 4: Comparison of studies with different types of dural sealants
Author, year

Sealant

No. of pts % of leakage

Boogaarts et al., 2005 DuraSeal

46

Cosgrove et al., 2007 DuraSeal
Than et al., 2007
DuraSeal
Kumar et al., 2003
Bioglue

111
100
210

Stendel et al., 2008
DuraGen
Jankowitz et al., 2009 Tisseel
Ferroli et al., 2011
TissuePatchDural

191
278
119

4.9 (out of 41pts)

% High‑risk pts
High‑and low‑riskprocedures

Site

26 supratentorial
18 infratentorial 2 spinal
4.5
High‑and low‑riskprocedures 58 supratentorial 53 infratentorial
2
Not specified
Posterior fossa
0.93 (in twoposterior
Not specified
114 supratentorial 53 infratentorial
fossaapproach)
41 transsphenoidal 8 spinal
5.2
Not specified
165 supratentorial 26 infratentorial
11.9
Not specified
Spine
9.2 (11/119) 36.3 (8/22) 22/119 (18.5) high‑risk cases 67 infratentorial
of high‑risk pts 3.1 (3/97) all patientswith wide cisternal 34 supratentorial
of normal risk pts
orventricular opening
18 spinal
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Boogaarts et al. prospectively treated 46 patients
with DuraSeal in combination with autologous
materials.[5] Over a 3‑month follow‑up period, they
reported one CSF leak following a supratentorial
craniotomy and one pseudomeningocele after posterior
fossa surgery. There were no infections and no other
adverse events related to the hydrogel. In this series,
the authors excluded patients affected by hydrocephalus
and patients who had a neurosurgical procedure within
the previous 12 months, as well as RT or chemotherapy.
Furthermore, out of 46 patients, only 18 (39%) patients
underwent posterior fossa surgery, with an incidence of
CSF leak of 5.5%.
In our previous report (Ferroli et al.), we analyzed
the influence of pre‑operative risk factors (chronic
corticosteroid therapy, previous surgery, and radiation
therapy), intra‑operative risk factors (size of dural gap),
and post‑operative risks factors (early post‑operative
hydrocephalus) on the appearance of CSF leak.[17]
We concluded that the presence of pre‑operative and
post‑operative risk factors was one of the factors
negatively influencing the ability to achieve watertight
closure. In fact, of the 22 patients in whom pre‑and/
or post‑operative risk factors were present, 8 developed
a CSF leak (36.3%). Conversely, in the remaining cases
without pre‑ and/or intra‑operative risk factors, only three
patients (3.1%) developed a CSF leak. In the present
series, we observed that in the absence of pre‑ and
post‑operative risk factors, TPD had a better protective
effect on the CSF leak development. The small size
of the two samples and the difference in the sample
sizes might explain the lack of statistically significant
difference in CSF development in the presence of
pre‑ and post‑operative risk factors.
Considering the impact of the risk factors in our previous
report, we have excluded patients with post‑operative
hydrocephalus from the analysis. With this exclusion, the
incidence of CSF leak (incisional and pseudomeningocele
together) was significantly lower in the patients treated
with TPD compared to those treated with DuraSeal (2.6%
vs 10.9%, respectively; P = 0.015) [Table 1].
In 2002, Gnanalingham et al. analyzed the difference
between the complication rates in children who
underwent posterior fossa surgery by craniotomy or
craniectomy.[22] They reported that craniectomy was
associated with an increased incidence of post‑operative
CSF leak (odds ratio 10.8, 95% CI 1.3–90.6; P = 0.03).
We were not be able to find the same result (P = 0.2)
[Table 3]. Interestingly, in the group of patients who
underwent craniectomy, the incidence of CSF leak
was significantly lower in patients treated with TPD
compared to that in whom DuraSeal was used (3.22%
vs 17.85%, respectively; P = 0.03) [Table 3], showing a
protective effect of TPD.

http://www.surgicalneurologyint.com/content/5/1/171

There are clearly some limitations in this study. The
sample sizes are small and not matched, and this has
an impact on the outcome of the statistical analysis.
Furthermore, it is a retrospective evaluation of patients
submitted to different procedures by different surgeons
in a limited period of time. Despite these limitations,
the safety profile of the product is good and no
adverse reactions, directly related to TPD, were evident
throughout the follow‑up period. The ability of TPD to
achieve watertight closure following use in a population
presenting a high‑risk of CSF leakage is promising.
Its non‑inferiority to DuraSeal, a widely used and
FDA‑approved product, merits further prospective,
randomized, multicenter investigations.

CONCLUSIONS
TPD seems to be safe when used as an adjunct to
standard dural closure in posterior fossa surgery, in
particular in patients without pre‑ or post‑operative risk
factors, those who did not develop hydrocephalus, and
in those who underwent craniectomy. With the intrinsic
limitation of this retrospective study, the rate of CSF
leak in high‑risk posterior fossa surgery was found to
be within the range of the more advanced alternative
dural closure strategies and lower, albeit not statistically
significant, than in patients treated with a commonly
used PEG‑based liquid sealant.
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