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. _Cerebrosloil_’]aLl fI:(Jid Iegklage IS an HE: R E—
Immanent risk of cranial surgery N s >
with dural opening. Recognizing H;Egﬁﬁi?,;;gf@
the risk factors for this W2 ;E‘ iijﬁ & -
complication and improving the 3 UHM/@“Y{QY)EI:EF H‘?ﬁﬁﬁ
technique of dural closure may K25 P e i o i 4
reduce the associated morbidity AF R A g 2= FEAILTT
and its surgical burden. TR i I S B 1) 3

« The aim of this paper was to \ > LIS i
Investigate whether the addition E%E?%Eﬁ@?;j
of TachoSil on top of the dural fb} = H s 7'%
suture reduces postoperative iRyl EU?H;U?% HH
CSF leakage compared with LR R ik i 2% A 4 BE
dural suturing alone and to 5] DLFERAR AR TG i
actor or dural leakageana IR MTHUA

potentially related complications
after elective craniotomy.



¥, Methods
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blinded single-center trial in T 7 —TUATHETE . AL

patients undergoing elective DS ST N SR S W
craniotomy with dural opening. IR EE 7 A 247 s s e
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Methods

Secondary end points were
the incidence of infection,
surgical revision, and length
of stay In the intensive care
unit (ICU) or intermediate
care (IMC) unit. The site of
craniotomy, a history of
diabetes mellitus, a diagnosis
of meningioma, the
Intraoperative need of a
suturable dural substitute,and
blood parameters were
assessed as potential risk
factors for CSF leakage.
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¥, Results

The authors enrolled 241
patients, of whom 229 were
Included in the analysis.
Cerebrospinal fluid leakage,
mostly self-limiting subgaleal
collections, occurred in 13.5%
of patients. Invasive treatment
was performed in 8 patients

(3.5%) (subgaleal puncture in 6,

lumbar drainage in 1, and
surgical revision in 1 patient).
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Results

Diabetes mellitus, a higher
preoperative level of C-
reactive protein (CRP), and the
Intraoperative need for a dural
patch were positively
associated with the occurrence
of the primary end point (p =
0.014, 0.01, and 0.049,
respectively).Cerebrospinal
fluid leakage (9.7% vs 17.2%,
OR 0.53 [95% CI10.23-1.15], p
= 0.108) and infection (OR
0.18 [95% CI1 0.01-1.18], p =
0.077) occurred less frequently
In the study group than in the
control group.
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2. Results

TachoSil significantly reduced P Vs NE =k A4
the probability of staying in the ?éiﬁﬁ?;%%?@&%
IMC unit for 1 day or longer ) ~
(OR 0.53 [95% CI 0.27-0.99], # % K (OR 0.53 [95%
p = 0.048). Postoperative Cl1 0.27-0.99], p =
epidural hematoma and 0.048). AJ5HE &A1
empyema occurred in the 7 Hiz s :
control group but not in the éﬂégﬁggggﬂﬁﬁ

study group.



% . Conclusions

« Dural leakage after
elective
craniotomy/durotomy
occurs more frequently in
association with diabetes
mellitus, elevated
preoperative CRP levels,
and the intraoperative
need of a dural patch.
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% . Conclusions

e This randomiz \ " \
constroallleccilotrialescrllowed no 7§Bﬁ@§%§%%¢%
statistically significant i ﬁ%m% & @HEHE‘ Hﬂf%‘
reduction of postoperative )JE%H&?%TTH Bﬂl&f}é
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the dural suture, but there B R N
was a significant reduction

In the length of stay in the

IMC unit. Dural

augmentation with

TachoSil was safe and not

related to adverse events.
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7 seBackgrounds

while performing cranial surgery, it
Is of utmost importance to achieve a
tight and reliable closure of the dura
mater. Cerebrospinal fluid leakage
leads to increased morbidity,
prolongation of hospital stay,
surgical revision, and enhanced
costs as well as possible surgical
revisions.*>1° The incidence of CSF
leakage is reported to depend on
the location of surgery (for example,

more likely in the posterior fossa)!®
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but may also depend on the size of
the craniotomy and dural opening
or on patient-related factors such
as immune status, age, or the
underlying pathological process.
Dural closure is usually achieved
with an intended watertight suture
and the addition of hemostyptic or
hemostatic agents such as fibrin
glue or cellulose collections.?412
agents such as fibrin glue or
cellulose collections.2,4,12 Several
studies have described the use of
sealants as useful in avoiding CSF
leakage in supratentorial,+20.28.33
infratentorial,1°
transsphenoidal,>1021 skull base,?3
and spinalt®2% procedures.
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According to the literature, CSF
complications vary from 4% in
transsphenoidal procedures to
32% in posterior fossa
procedures.?® After sealant
application, the percentages

of CSF leaks vary from 0.9%2° to
10.7%.15 Dural sealants

have been described to be safe
when used in combination

with autologous dural substitute
material.819:35
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However, there is no consensus on
a standardization of dural closure,
and only a few clinical studies
assessed outcomes of various
closure methods in a randomized

and controlled manner. Kim and
Wright!® and Osbun etal.?®
prospectively assessed the
addition of polyethylene

glycol hydrogel sealant (DuraSeal,
Covidien) in spinal and cranial
surgery for dural closure in
comparison with standard
techniques that included various
dural augmentation methods
according to the surgeon’s choice.
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However, suturing alone was only
used in a small percentage of the
control cases. The preparation of
the dural augmentation with
DuraSeal was faster in the study
group,but the frequency of clinically
overt postoperative CSF leaks
remained similarly low in both
groups. In the spinal study,
intraoperative water tightness was
significantly better with DuraSeal.'®
In recent years, TachoSil (Takeda
Pharma), a ready-to-use, fixed
combination of a collagen sponge
coated with a dry layer of the
biologically active human
coagulation factors fibrinogen and
thrombin, was

introduced into the market and was
used mainly as a hemostatic agent
in visceral, thoracic, gynecological,
and urological surgery.:13.16,17.29-31
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In liver surgery, TachoSil was
superior to argon-beam laser
hemostasis in a controlled parallel
group trial.13 Several animal
studies could prove a beneficial
effect of TachoSil in hemostasis
compared with other sealant
techniques.'!16 Other studies
analyzed the capacity of TachoSill
to seal visceral organ anastomoses
(such as small bowel or
esophageal anastomosis)
compared with standard
techniques and indicated a safe
and additional sealing effect of the
agent.?426.34 However, a recent
animal study showed marked
inflammatory reaction around the
anastomized region covered with
Tacho-Sil and a higher
postanastomotic complication rate,
resulting in an unfavorable
recommendation for this agent.”
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Indeed, foreign body reactions to
hemostatic agents such as Oxycel,
SPONGOSTAN (Ethicon), and
TachoSil are also described in the
clinical literature as rare events.!
Another animal study involving
TachoSil could identify enhanced
fibroblastic activity at the sealed site
but failed to identify an inflammatory
reaction.3* Clinical feasibility studies
in aortic?? and bowel?’” anastomosis
in 12 patients could not relate an
adverse event to the application of

TachoSil.
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In convexity and posterior fossa
neurosurgery, Tacho-Sil is used in
an individualized and
unstandardized way based on the
surgeon’s preference. A recently
published laboratory study found a
significant positive effect on water
tightness of diverse dural sealants
iIncluding TachoSil over suturing
alone, whereas the use of running
versus interrupted sutures had no
differentiating effect.® The authors
found a superiority of TachoSil
over Tissucol (Baxter) or BioGlue
(CryoLife). An equal effect of
TachoSil was found in a
retrospective study of
transsphenoidal surgery, where it
completely eliminated
postoperative CSF leaks compared
with just fat packing of the dural
defect.3?
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The occurrence of CSF leaks is
especially critical in posterior fossa
surgewhen retrospectively
comparing dural closure with a
“sandwich technique” (TachoSil
applied epi- and subdurally) versus
epidural TachoSil alone. However,
despite application of TachoSil, the
occurrence of CSF leaks remained

high in both groups (7.3% and 10%).

We hypothesize that addition
of TachoSil on top of the dural
suture reduces postoperative CSF
leakage in elective craniotomies. To
ascertain this hypothesis, we
conducted a single-center,
prospective, double-blinded
randomized trial to compare dural
closure with or without application
of TachoSil.ry. Arlt et al.2 found no
difference
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The protocol of this clinical trial was
designed according to International
Conference of Harmonisation-Good
Clinical Practice standards,approved
by the institutional ethical committee
(University Hospital Basel) and was
registered as a Phase IV trial at
Swissmedic,the Swiss national drug
association. All patients scheduled
for elective craniotomy with dural
opening at the University Hospital
Basel (an urban 700-bed tertiary
care teaching center) were asked to
participate. Preoperative inclusion
criteria were scheduling for elective
cranial surgery involving a dural
incision and age 18 years or older.
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Exclusion criteria were the
presence of infection, trauma,
previous surgery at the same site,
pregnancy, concomitant
participation in another study, and
hypersensitivity to the study
product. In addition to these
preoperative exclusion criteria, the
surgeon was allowed to exclude
patients intraoperatively if he or
she could not perform a dural
suture with or without a suturable
dural substitute.

HEBR b 7 N S2 06 BT A7 A G
v ML HEFARKETFR
LN Iﬁ\%%% W5
XFSEIG i s . bR 7
PR BT HERR AR UE, FAREA
A] PAEA R G g A 6 FH B0
E@%%ﬁﬁ b 455 T i

-~




7715 Methods:

After craniotomy, the dura mater
was closed with a continuous,
resorbable synthetic monofilament
copolymer of glycolid and
caprolactone 5-0 suture to obtain a
watertight closure. In case of an
obvious dural defect with CSF
leakage impeding primary suturing,
a dural substitute (autologous [for
example, galea or muscle] or a
xenograft of bovine pericardium
[TutoPatch, RTI Biologics or
Neuropatch, B. Braun]) was sutured
to the dura mater, aiming at a
watertight closure. No other
additives were allowed on top of the
dural suture.
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After study enroliment, a
computerized tool (www.
sakk.ch/sinatras) randomized the
patient to either control or study
treatment. Importantly, the
allocation of treatment was only
visible to dedicated operating room
staff and was communicated to the
surgeon directly after watertight
dural closure. In the study treatment
group, strips of TachoSil were
applied on top of the entire dural
suture and, if applicable, on top of
the suture or borders of the dural
substitute. TachoSil covered at
least 1 cm of the dura or dural
substitute on both sides of the
suture. After closure of the dura, the
bone flap was replaced and fixed in
place using CranioFix titanium
clamps (B. Braun AG) or
MatrixNeuro titanium screws/plates
(Synthes AG).
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The skin was closed in 2 layers
(galeal/subcutaneous and
cutaneous stitches). The use of
epicranial drainage (Jackson Pratt)
to avoid hemorrhagic complications
was allowed according to the
surgeon’s preference and recorded
(refer to the study flowchart in Fig.
1). Length of dural suture, size of
craniotomy, location, the type of
pathological process, and
intraoperative complications were
recorded using an online database
directly after surgery.
Postoperatively, patients were
routinely placed overnight in the
intensive care unit (ICU) and over
the 2"d night in the intermediate
care (IMC) unit.
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Screening and informed consent,
randomization

Bran
—— Blood vessels e“
! ! Duwa O
b "
mater [ PANT
Craniotomy (supra- or
infratentorial)
i \
Dural closure with a
standardized running
suture '
Standard arm Study arm
Dural suture alone Application of TachoSil®
upon dural suture
Dura _ " /Tachosi®

Suture
Clinical follow-up and evaluation of primary and secondary end points
Fic. 1. Tnal flowchart.



JiixEMethods:  Ja 2R P AT V%

Each patient was clinically assessed
on postoperative Days 5-7 and Days
28-32 for occurrence of any CSF
collection and possible interventions
due to CSF collections or active CSF
leakage. Patients and outcome
assessors (study nurse and trial
physician) were blinded to treatment
allocation, and the written operation
report did not reveal the means of
dural closure. We developed a
grading scheme to assess CSF
collection (Table 1). Each CSF
collection was measured clinically and
with ultrasonography or other imaging
modalities, and stepwise interventions
were undertaken to relieve major CSF
collection according to the grading
scheme.
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TABLE 1: CSFER£44EK
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Briefly, subgaleal collections were
classified clinically and by
ultrasound as minor, moderate, or
major according to their size
(diameter < or > 5 cm), volume (<
or > 20 ml), and tension, whereby
major collections were typically
treated invasively, by puncture,

and/or lumbar drainage, or revision.

Surgicalsite infection or meningitis
and respective treatment, any
surgical complication requiring
revision, wound healing quality,
and length of stay in the ICU or
IMC were recorded.

FE BT IO MEIR B A T SR EEAR
PE I PR 7 148 BIEE 5 9 N
DB PEMKERE K
/N (HAA<or>5cm) . 1&
Rl (<or>20mL) Figk 1y

, NEFREREBEAREN
R B TV A BIETT
e ol BRI 5k
HIRFAR. FARX IR
v IRIR G . MNYRTY . AT
fi] T BAS IE ) F AR I AORE
O RETEN ICUMFRT
fisf () ATIMCAF: 52 s 8] 24 48 12
Ko




»

Study data on enrollment, eligibility,
procedures in the operating room,
and follow-up visits as well as
adverse event and termination data
were stored in an online database
using electronic case report forms.
The original power analysis is
described in detail in the trial
protocol. The primary stratification
parameter was the presence of a
supra- or infratentorial process; in
the per-protocol data set, 80.6% (n
= 184) of patients had surgery for
supratentorial lesions, and 19.4%
(n = 45) of patients had surgery for
infratentorial lesions.
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- After enroliment of 226 patients, a blinded 226475 A\ &t 5, KiAMEEE 7174
sample size reassessment was performed, =2 HIT - NEREASITEL . 51T
which resulted in the additional recruitment . o43f7 3% A FIREA90% (£E5%
of 17 patients. A sample size of 243 (225 K R BT DRI 43 LR i

patients was estimated t0 ensure a POWer ¢ x ser e o pp o or (ST (oS
of at least 90% (at a significance level of W R AERLELS% (X fafs A

5%) to detect a difference in CSF leakage %?) % W 2257 @&‘E} Eﬁﬂmﬁ@#ﬁ:ﬁ
rates of 15% (absolute risk difference), KA 1A 3% RIT Yo K HA T A 2
assuming an overall CSF leakage rate of K. SERBIF 45 NGt 4 %
14.3% and a dropout rate of 7%. BRI ARG E . 0232 = PSR
Demographics as well as baseline and ME A2, Ese2 5 PSEEON
surgery characteristics were summarized  Jgf by v Z= F AT BT X 2L (

by trial arm. Data are presented as Table 2) RAERRATH R —A 2Z 1)
frequencies and percentages for SEF AN T3 A R — AN 2R 4

categorical variables and as mean = SD AN H 1D fr107 E
and median for continuous variables (Table DTSR B I A, A2 FRATTIE 2

2). We report outcome analyses performed /'\7%5” HISE AR 17 #T. 1Lm By
per protocol, although we had intended an  FATTREALEIT R BT~ A LA 1
intention-to-treat analysis as primary WA A T e s,  (Fig.2
analysis and a per-protocol analysis as )

sensitivity analysis. This decision was due

to the fact that 2 patients with CSF leakage

randomized to control actually received

TachoSil (Fig. 2).



289 patients scheduled for
elective craniotomy were
screened for eligibility

g

> 48 were excluded

241 signed informed consent
and were randomized

J

121 randomized to dural
closure with suture alone

1 withdrew consent

b

120 assigned to dural closure
with suture alone

3 excluded because of non-

l

120 randomized to dural
closure with suture and TachoSi

]'!l

e i

Y

{ 5 withdrew consent
3 had biopsy only

112 assigned to dural closure
with suture and Tacho5il®

2 crossover to T

ki

A

adherence

1 crossover to C

T
7| adherence

1 excluded because of non-

W

116 received dural closure
with suture alone
(per-protocol set)

J

1 did not
come to

2nd fu

116 reached 1st follow-up

b

115 reached 2nd follow-up

Y

113 received dural closure
with suture and Tachosil ®
(per-protocol set)

l

113 reached 1st follow-up

W

111 reached 2nd follow-up

2 did not
come to

2nd fu

Fic. 2. Trial overview. All patients who had at least 1 follow-up visit (n = 229) were included in the per-protocol analysis. C =
contfrol; fu = follow-up; T = TachoSil.
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We analyzed these patients as treated
(TachoSil) in the per-protocol analysis,
which is more conservative in this
case. In contrast, these patients had
to be analyzed as control patients in
the intention-totreat analysis, which
was overly favorable for the Tacho-Sil
treatment. The primary end point was
the occurrence of any CSF leakage
within 1 month from surgery, that is, at
least at 1 follow-up visit. We used a
generalized linear model (GLM) with
binomial error distribution to test the
effect of TachoSil versus control (as
the received treatment) on the
probability of CSF leakage. The model
included the factor TachoSil (TachoSil
vs control) together with the factor
infratentorial (infratentorial vs
supratentorial). The latter was used to
stratify in the randomization process.
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As a sensitivity analysis, we fitted a
model that additionally included all
important baseline variables and
thereby adjusts the treatment effect
for potential bias due to outcomes
not missing completely at
random.14 In addition to the overall
odds ratio of TachoSil versus
control, ORs (and 95% CIs) were
calculated for various patient
subgroups, that is, infra- versus
supratentorial craniotomy,
presence or absence of diabetes
mellitus, meningioma versus other
diagnoses, need versus no need of
dural patch used, and use or no
use of subgaleal drainage. The
interaction between TachoSil and
each subgroup factor was tested
for potential differences between
subgroups.
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The following secondary end points
were analyzed: incidence of
infection (meningitistion) within 1
month; incidence of a complication
requiring an intervention (revision)
within 1 month; 1 day or longer in
the ICU; 1 day or longer in the IMC;
and the maximum size of the CSF
collection at the first or second
follow-up (minor, moderate, or
major).

The binary secondary end points
were analyzed with a GLM as the
primary end point. The maximum
size of the CSF collection (if
present) was analyzed by a3 X 2
contingency table and a chi-square
test of independence.
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In an additional exploratory analysis

we tested for an association of the
craniotomy diameter with the incidence
of a CSF leakage in a GLM including
the craniotomy diameter and TachoSill
(vs control) and the interaction between
the two. Likewise, we tested for an
association of length of the primary
dural suture with the incidence of a
CSF leakage. The information on the
length of dural suture was missing for
20 patients.

Furthermore, we tested for an
association of patch surface (patch
length X patch width) with the
incidence of a CSF leakage in the
patient subgroup receiving a dural
patch. The model also included
TachoSil and the interaction between
patch size and TachoSil.
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£ B Results

A total of 241 patients were
randomized for this trial, and 229
patients (116 in the control group and
113 in the TachoSil group) were
included in the per-protocol analysis
(Fig. 2). The study recruitment period
was between October 2009 and
August 2012, with the last follow-up
visit in October 2012. The trial was
completed as planned according to
the protocol and after an amendment
(blinded sample size reassessment),
which increased the sample size from
226 to 241. Demographics and
baseline and surgery characteristics

are listed in Table 2.
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5 HResults: WEBRHRKREE

As shown in Table 3, the baseline — >
variables diabetes mellitus (OR ﬁDTable BEF'ﬁﬁﬂ?, %éﬂé EFI
5.56 [95% Cl 1.57-19.11], p = , FER (OR 5.56[95%
0.014) and elevated preoperative ClI 1_57-19_]_]_],P:0_014)
C-reactive protein (CRP) values ﬂlﬂiﬁﬁ%CRP (

(OR 1.04 [95% CI 1.01-1.08], p =
0.010) and the intraoperative need OR1.04[95%CI 1.01-

for a suturable dural patch for dural 1.08],P=0. 010) VAN ARH

closure (OR 2.43 [95% CI 0.96—

6.35], p = 0.049) were significantly ér%/\@iiﬂu %%‘&E’J@Bu HjEé
associated with an increased risk #NT (OR 2.43[95%CI

of CSF leakage. 0.96-6.35],P=0.049) &%

S I VLR ) RS o



Table 3: MAMNKIREL AR, WRESHAVSHBATZERREER (— A WEEBRIRIKEESR) Ko
TR ftit OR{E(95%CI) PIE

=T -0.48 0.62 (0.17-1.71) 0.317

BELHBENRIT

FER -0.01 0.99 (0.96-1.02) 0.997

¥ PR IA 1.72 556 (1.57-19.11) 0.014

CRP 0.04 1.04 (1.01-1.08) 0.01

FriER -0.04 0.97 (0.79-1.15) 0.709

5T 0.12 1.13 (0.04-34.85) 0.96




Cerebrospinal fluid leakage occurred less

often in the TachoSil arm (11 [9.7%] of
113 patients) than in the control arm (20
[17.2%] of 116 patients), corresponding
to a 7.6% absolute risk difference.
However, the difference was not
statistically significant (OR 0.53 [95% CI
0.23-1.15], p = 0.108; Fig. 3A). The
sensitivity analysis with baseline
adjustment pointed at a slightly stronger
but still nonsignificant effect of TachoSil

(OR 0.45 [95% CI 0.18-1.06], p = 0.095:

Table 3 and Fig. 3A). The site of
craniotomy (infratentorial vs
supratentorial) had no effect on the
occurrence of CSF leakage.
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In a subgroup analysis, we
investigated whether certain
factors might modify the effect of
TachoSil on the probability of CSF
leakage. No significant difference
in the effect of TachoSil between
subgroups was found for any of the
subgroup factors investigated (Fig.
3B and Table 4). In patients with
diabetes mellitus, TachoSil may
have a more favorable effect (that
IS, more strongly reduce the risk of
CSF leakage) compared with
standard treatment, than in
patients without diabetes (TachoSil
Xiabetes interaction, p = 0.107;
Table 4).
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Five patients in the control group,
compared with only 1 in the study
group, suffered from postoperative
wound infection or meningitis,
suggesting that the application of
TachoSil may be beneficial (OR
0.18 [95% CI 0.01-1.18], p = 0.077;
Fig. 4 and Table 5). One patient in
the control group had a fulminant
epidural empyema requiring urgent
surgical decompression and
debridement on the 14th
postoperative day, whereas patients
with meningitis could be treated
conservatively with intravenous
antibiotics.
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orobabilty of & pationt o ctay 1 oy o 3 pci A £ L [ARIMCL A By
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ine patients (5 in the control group, 4 ‘ s
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control group, had postoperative fi S A7 I i
epidural hematomas requiring urgent
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Table5: FEMREMEZRIr (FRTE)

Pugitich AR A BAE

ZE
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7zt B Results:

In a large number of patients (55 in the
control group and 53 in the TachoSil
group), the dura could not be closed
primarily, but a dural substitute was
interposed according to the surgeon’s
choice. The size of the substitute varied
between 1 X 1cmand 12 X 14 cm. In
addition, we recorded the length of the
dural running suture and the craniotomy
diameter. Overall, the variation of these
parameters was not associated with a
higher risk of CSF collections, and
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addition of TachoSil on a longer suture, a A Eﬁﬂﬁdiér% KHTAN T A fii

larger patch, or craniotomy did not
significantly influence the occurrence of
CSF collections (Table 7).
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*f 1 Discussions
The results of our randomized controlled trial
indicate that the addition of TachoSil on top of the
dural suture after elective cranial surgery did not
significantly reduce the occurrence of CSF leakage
within 30 days after surgery. Although the
reduction of CSF leakage upon TachoSil
application was not statistically significant, we
simultaneously observed a lower frequency of
serious complications, such as postoperative
epidural hematoma and epidural empyema, in the
TachoSil group, and a lower rate of postoperative
infections. Altogether, these observations could be
due to the application of TachoSil and to its sealing
and hemostatic effect, but could as well be related
to other circumstances. However, the addition of
TachoSil might be indirectly responsible for the
reduction of the length of stay in the neuro-IMC
unit (p = 0.048) in patients in the study group.
Interestingly, diabetic patients and patients with a
preoperative elevated CRP value had higher CSF
leakage rates.
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A possible adverse event of the
application of TachoSil might be an
accompanying inflammatory reaction
combined with overreactive scar
tissue.7 One patient in the TachoSil
group suffered from therapy-
resistant status epilepticus because
of a cerebral metastasis. His status
did not resolve after resection of the
metastasis. We do not infer a causal
relation between the application of
TachoSil and the status epilepticus,
although the occurrence of this
complication cannot be ruled out in a
longer follow-up period.
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The number of reinterventions due
to CSF leakage was equally low in
both groups, with 1 major
intervention (surgical wound revision)
in the control group. Interestingly, we
could not detect differences in CSF
leakage rates in supratentorial
versus infratentorial craniotomies
with a similar, low leakage rate in
both patient cohorts. This opposes
current literature findings that stated
a higher risk for CSF leakage in
infratentorial craniotomies.'® The
reason for the low rate of CSF
leakage after infratentorial
craniotomies in our series is unclear.
It may be due to the standard
closure technique, aiming at a
watertight closure with continuous
microsuture with/without a patch in
every case. Not all centers and
authors, in fact, do advocate such a
meticulous effort.3
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An interesting finding of our study
was the overall identification of
factors associated with the risk of
CSF leakage. The need for a dural
patch to achieve dural closure was
one of these factors. This finding is

intuitive, since primary dural suture,

whenever possible, is more likely
to be watertight than a closure with
a dural substitute. The strong
association between CSF leakage
and diabetes mellitus as well as
high preoperative levels of CRP
was more surprising and has so far
not been identified in the current
literature.
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In retrospect, the main limitation of
our study is probably the
overestimation of the proportion of
CSF leakage in our first power
analysis. Our initial assumption
was a reduction of the leakage rate
by 15% (20% without TachoSil, 5%
with TachoSil). In reality, we
detected leakage rates of 17.2%
versus 9.7%, resulting in a
difference of only 7.6%. This led to
a blinded reassessment and
enlargement of the sample size to
241 patients (instead of 226
patients as recorded in the
protocol). However, the study was
probably underpowered to
demonstrate a statistically
significant difference for the
primary outcome measure. Due to
the single-center design and the
limited financial resources, the
study was not prolonged further.
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Previous laboratory studies could show that
supplementing dural suture with active
hemostatic agents might be beneficial,6 but
these findings have not been translated be
obvious that additional gluing of a never totally
watertight suture would certainly reduce the
occurrence of CSF leakage and related
complications. On the other hand, one might
argue that infections should occur more often
when additional foreign material is introduced
into a surgical site. An explanation for our
observation of the opposite, that is, less
frequent infections, might be that optimal
sealing of the intradural compartment after
surgery avoided bacterial migration through
microlesions caused even by the dural suture
itself. Thus, it remains speculative whether
dural augmentation and protection of CSF
outflow by dural sealing may prevent life-
threatening postsurgical sequelae. In this
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context and to statistically confirm the observed Z£4%.

risk reduction of 7.6% in the primary outcome
measure when applying TachoSil, inclusion of
more patients would be necessary.



Previous work by Grotenhuisl5 stated
a vast cost implication of CSF leakage
and proposed a standardized dural
augmentation by DuraSeal, albeit in a
retrospective singlecenter study. We
can confirm in a prospective manner
that application of a dural sealant in
general is safe and not related to
major adverse events and led to a
nonsignificant reduction of
postsurgical CSF leakage of 7.6%.
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1 Conclusions

Our trial is the first prospective randomized AT H 46 BEHATT il = AR o &
study comparing dural closure in elective 5 3 1) e - 2 75 e P 3% ) 4 2
craniotomies with or without a sealing N
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