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OBJECTIVE: Extradural or subcutaneous cerebrospinal fluid (CSF) leakage is a com-
mon complication after spinal surgery and is associated with the risks of poor wound
healing, meningitis, and pseudomeningocele. Numerous methods to prevent postop-
erative CSF leakage are available, but pressure-tight dural closure remains difficult,
especially with synthetic surgical membranes. The efficacy of a novel dural closure
technique was assessed by detecting extradural or subcutaneous CSF leakage on
magnetic resonance imaging.
METHODS: The novel dural closure technique using absorbable polyglactin acid sheet
and fibrin glue and the conventional procedure using only fibrin glue were evaluated
retrospectively by identifying extradural or subcutaneous CSF leakage on magnetic
resonance imaging scans in the acute (2–7 d) and chronic (3–6 mo) postoperative
stages after spinal intradural surgery in 53 patients.
RESULTS: The incidence of extradural and subcutaneous CSF leakage was significantly
lower (P � 0.05) in the acute (20%) and chronic (0%) stages using polyglactin acid
sheet and fibrin glue in 15 patients compared with that in the acute (81%) and chronic
(24%) stages using only fibrin glue in 38 patients. One patient in the fibrin glue-only
group required repair surgery for cutaneous CSF leakage.
CONCLUSION: The combination of polyglactin acid sheet and fibrin glue can achieve
water-tight closure after spinal intradural surgery and can minimize the risk of intrac-
table postoperative CSF leakage. This simple, economical technique is recommended
for dural closure after spinal intradural surgery.
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Extradural or subcutaneous cerebrospinal
fluid (CSF) leakage frequently occurs after
spinal intradural surgery and is associated

with the risks of poor wound healing, meningitis,
and pseudomeningocele. Supratentorial surgery
rarely causes persistent CSF leakage, presumably
because of the low intradural hydrostatic pressure
at the surgery site in the supine or orthostatic
positions, whereas infratentorial and spinal sur-
geries have a higher incidence of CSF leakage be-
cause of the high intradural hydrostatic pressure
(1, 3, 4). The use of synthetic surgical membranes
also is associated with a high risk of postoperative
CSF leakage because of the absence of adhesion to
the dura mater (3, 4).

Numerous methods have been developed
to prevent CSF leakage after cranial and spinal

surgeries (1, 4, 6, 7, 12), but pressure-tight
closure of the dura mater has been evaluated
by clinical symptoms such as palpable subcu-
taneous fluid retention, cutaneous leakage, or
rhinorrhea. Computed tomography and mag-
netic resonance imaging (MRI) often demon-
strate persistent extradural or subcutaneous
CSF leakage after these procedures, but the
incidence and the importance of such subclin-
ical leakages are unclear.

The present study describes a novel tech-
nique for water-tight dural closure using ab-
sorbable polyglactin acid sheet (PAS) and fi-
brin glue. The efficacy of this procedure was
assessed by detecting CSF leakage on MRI and
comparison with the conventional fibrin glue
technique in the acute (2–7 d) and chronic (3–6
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mo) postoperative stages. The new technique showed excel-
lent prevention of early and persistent extradural and subcu-
taneous CSF leakage either with or without synthetic
membranes.

PATIENTS AND METHODS

Fifty-three patients, 20 males and 33 females aged 0 to 77
years (mean, 40 yr), underwent spinal intradural surgery from
1998 through 2003 with MRI at adequate time points. The first
38 procedures were performed without PAS (No PAS group)
and the last 15 were performed with PAS and fibrin glue (PAS
group). The approximate length of the dural incisions ranged
from 2.5 to 9.5 cm (mean, 4.6 cm). As shown in Table 1, there
were no differences in patient age, male-to-female ratio,
pathological features, and length of dural incisions between
the No PAS and PAS groups. The surgical procedures were
performed for tumor resection, foramen magnum decompres-
sion and duraplasty, untethering of the spinal cord, repair of
myeloschisis, and obliteration of dural arteriovenous fistulae.

Dural Closure with PAS

The dural incision was closed with 6-0 nonabsorbable su-
tures at a distance of approximately 1.5 cm. Nonpenetrating
clips (vascular closure staple clips, medium size; U.S. Surgical
Corp., Norwalk, CT) were applied at intervals of approxi-
mately 2 mm between the sutures. After dural closure, CSF or
blood on the dural surface was removed with dry surgical
patties. Fibrinogen liquid (Bolheal; Chemo-Sero-Therapeutic
Research Institute, Kumamoto, Japan) was spread manually
on the dura mater. A shaped piece of PAS (Neoveil; Gunze
Corp., Kyoto, Japan) (Fig. 1) then was placed on the dura
mater to cover the entire dural incision with a margin of at
least 3 mm. Fibrinogen and thrombin liquid (Bolheal) simul-
taneously were sprayed on the PAS using compressed air. If
extradural space was still available, second (and third) PAS
pieces were applied over the first piece using the same pro-
cedure. Hemilaminectomy or laminoplasty was performed in
all cases. Epidural drainage was inserted and usually was
removed the next day. If the dural defect was large (�3 mm in
diameter) or the purpose was dural sac decompression, a
piece of expanded polytetrafluoroethylene (ePTFE) membrane

(Gore-Tex dura substitute;
W.L. Gore & Associates,
Flagstaff, AZ) was used to
patch the dura with 6-0
nonabsorbable sutures and
medium vascular closure
staple clips, and then PAS
was applied as described
above. The procedure is il-
lustrated in Figure 2.

Dural Closure
without PAS

The dural incision was
closed with or without ePTFE patches as described above.
Then, three layers of fibrinogen and thrombin liquid (Bolheal)
were sprayed over the incision as above.

Evaluation of CSF Leakage

MRI scans obtained in the acute (2–7 d after surgery) and
chronic (3–6 mo after surgery) stages were examined retro-
spectively. Extradural fluid collection appearing as an area of
homogeneous low intensity on T1-weighted images and high
intensity on T2-weighted images and larger than 8 � 8 mm
was considered to be CSF leakage. Leakage in the acute stage
was regarded as early leakage and in the chronic stage as
persistent leakage. The incidence of leakage was compared
between the two groups using Fisher’s exact probability test. P
� 0.05 was considered statistically significant.

RESULTS

Extradural or subcutaneous CSF leakage at the operative
site was seen in 81% of the No PAS group and 20% of the PAS
group in the acute stage (Table 2). CSF leakage was detected in
24% of the No PAS group and 0% of the PAS group in the
chronic stage. The incidence of leakage was significantly lower
(P � 0.05) in the PAS group in both stages. The incidence was
not significantly different between the procedures with and
without ePTFE patching in both groups. MRI studies did not
show any compression of the dura mater or spinal cord by
extradural fibrin glue. Some patients experienced transient

FIGURE 1. Photograph demonstrating
the appearance of PAS sheet (Neoveil; 10
� 10 cm, 0.15 mm thickness).

TABLE 1. Patient characteristicsa

Group Age (yr)b M/F
Pathological feature

Length of dural incision (cm)b

Tumor Anomaly Vascular

No PAS (n � 38) 42 � 28 6/9 25 10 3 4.8 � 1.4

PAS (n � 15) 38 � 23 14/24 9 4 2 4.5 � 1.0

a Tumor, gliomas, schwannomas, metastatic tumors, and ependymomas; Anomaly, Chiari malformations, myeloschisis, and tethered cord syndrome; Vascular,
spinal dural arteriovenous fistulae; PAS, polyglactin acid sheet.
b Values are mean � standard deviation.

POLYGLACTIN ACID SHEET FOR DURAL CLOSURE

NEUROSURGERY VOLUME 57 | OPERATIVE NEUROSURGERY 4 | OCTOBER 2005 | ONS-291



mild headache within a few days after surgery, presumably
because of intraoperative evacuation of the CSF. In the No
PAS group, one patient with persistent headache and cutane-
ous CSF leak required repair surgery 5 days after initial sur-
gery. Therefore, repeated MRI was not obtained in this pa-
tient. The patients without early extradural or subcutaneous
CSF leakage also underwent MRI in the chronic stage and
none of them showed persistent leakage. Representative pa-
tients are presented in Figures 3 and 4.

DISCUSSION

Pressure-tight closure of the dura mater cannot be achieved
by simple suturing. Recently, fibrin glue has been used widely
to seal small gaps after dural closure, but is still associated
with the risk of epidural CSF collection. The incidence of CSF
leakage after acoustic neuroma surgery with dural closure

using fibrin glue is 5% (7), although sprayed fibrin glue is
more effective with a reduced incidence of CSF leakage after
supratentorial surgery of 3.1% (6). However, CSF leakage was
determined by palpation in these studies, so the incidence of
small subcutaneous or extradural CSF collections detectable
only by computed tomography or MRI must have been
higher. The present MRI study revealed an unexpectedly high
incidence of subclinical leakage in the patients treated by
dural closure with fibrin glue only.

Dural substitute is required if the dura cannot be closed by
primary closure. Cadaveric dura mater and fascia lata, once
used widely as a dural substitute, are no longer acceptable
because of the risk of transmission of Creutzfeldt-Jakob dis-
ease or other slow virus diseases (10, 11). Numerous synthetic
materials have been tested, and several materials were recom-
mended for clinical use, among which ePTFE membrane is
probably one of the most widely used (12). Nevertheless, the
use of synthetic membrane is associated with a high risk of
CSF leakage because the synthetic material does not adhere to
the dura, so several methods to prevent leakage have been
introduced. Strips of absorbable polyglycolic acid mesh
(Dexon mesh; Sherwood-Davis & Geck, St. Louis, MO) with
fibrin glue placed over the suture line between the dura mater
and ePTFE sheet prevented palpable subcutaneous CSF reten-
tion in 97% of cranial surgery patients (3). More recently, the
fibrin glue rubbing method has been more effective for closure
with ePTFE membrane, but pressure-tight closure still seems
to be difficult after infratentorial surgery (4), as determined by
subcutaneous CSF accumulation. Our procedure using PAS
showed excellent leakage prevention even with ePTFE
patches, encouraging the use of synthetic membrane to pre-
vent adhesion at the surgery site. We also believe that the use
of nonpenetrating staple clips is reasonable because CSF leak-
age after the use of synthetic surgical membranes may occur
through the enlargement of needle holes in the membrane (4).

Polyglactin acid is a homopolymer, with a molecular weight
of approximately 100 kDa. PAS is a nonweave membrane that
was introduced into thoracic surgery as a pleural substitute 15
years ago. An experimental study using PAS and fibrin glue
showed that the bursting pressure was 109.9 mm Hg, higher
than any other dural closure method (4, 9). In the present and
previous procedures using PAS, fibrinogen liquid was
thought to infiltrate the PAS and to react with thrombin within
the PAS, so the high-pressure resistance developed immedi-
ately after the procedure (9). After implantation, collagen fi-
bers covered the entire PAS within 2 weeks and the membrane
was completely dissolved by 2 months (9). This result is con-
sistent with other studies using absorbable membranes (2, 5).
The property of complete replacement by autologous tissue is
the advantage of such membranes.

Viral and prion disease transmission is always a concern with
the use of blood-derived products. We used Bolheal, which we
believe to be the safest fibrin glue in the market. The Planova
virus removal filter (Asahi Kasei Corp., Tokyo, Japan), with a
pore size of 15 nm, is used to exclude viruses from this product.
Theoretically, this filtration method can remove all viruses cur-

FIGURE 2. Illustrations of the dural closure procedure with PAS. A, the
dural defect was closed with ePTFE membrane using medium nonpen-
etrating clips. B, after complete removal of blood and CSF on the dura
mater, fibrinogen liquid was spread manually on the dural surface. C, an
adequately shaped piece of PAS (Neoveil) was placed on the dura mater to
cover the entire dural incision with a margin of at least 3 mm. D, then
fibrinogen and thrombin liquid were sprayed simultaneously using com-
pressed air.
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rently known, because Parvovirus, the smallest virus identified, is
approximately 20 nm in diameter. The Planova filter also is
reported to remove prions (8). However, the risk of transmission
of diseases is still difficult to eliminate completely, so the devel-
opment of synthetic fibrin glue is awaited.

The randomized prospective study is the best method to
study the efficacy of surgical procedures. The present retro-
spective study does indicate a substantial difference in results
between the PAS and No PAS groups. Our method using PAS
and fibrin glue achieved excellent prevention of CSF leakage

even with the use of ePTFE membrane. Early extradural or
subcutaneous CSF leakage is a predictor for persistent leakage,
because none of the patients without early leakage showed
persistent leakage. However, most cases of early CSF leakage
detected by MRI remained asymptomatic and resolved spon-
taneously. Only one patient required repair surgery in the No
PAS group. Therefore, the importance of these abnormal MRI
findings is unclear. A larger prospective study with more
patients is necessary to clarify this issue. However, we think
that the reduction of asymptomatic CSF leakage by our
method is likely to reduce the risk of symptomatic leakage.

TABLE 2. Incidence of cerebrospinal fluid leakage

ePTFE patch No patch Total Symptomatic
leakageEarly Persistent Early Persistent Early Persistent

No PAS (n � 38) 86% (13/15)b 28% (4/14) 78% (18/23) 21% (5/23) 81% (31/38) 24% (9/37) 2.6% (1/38)b

PAS (n � 15) 25% (1/4) 0% (0/4) 18% (2/11) 0% (0/11) 20%c (3/15) 0%c (0/15) 0% (0/15)

a ePTFE, expanded polytetrafluoroethylene; PAS, polyglactin acid sheet.
b One patient needed a repair surgery for cutaneous cerebrospinal fluid leak and was excluded from chronic magnetic resonance imaging study.
c The incidence of cerebrospinal fluid leakage in the PAS group is significantly lower (P � 0.05) than that in the No PAS group.

FIGURE 3. MRI scans of a representative case of the fibrin glue method in a
53-year-old woman who underwent obliteration of a thoracolumbar dural arte-
riovenous fistula through a T12 half-laminectomy. T1-weighted and T2-
weighted MRI scans obtained 3 days after surgery showing (A, C) an extradural
low-intensity area and (B, D) a high-intensity area considered to be CSF leakage
(arrows). Axial scans (C, D) were taken at the T12 level.

FIGURE 4. MRI scans representative case of the PAS and fibrin glue
method in a 68-year-old woman who underwent obliteration of a lumbar
dural arteriovenous fistula through an L3 laminoplasty. Two days after
surgery, (A, C) T1-weighted and (B, D) T2-weighted MRI scans showing
no CSF leakage. Axial scans (C, D) were taken at the L3 level.
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COMMENTS

This study nicely documents the superiority of fibrin glue combined
with an absorbable polyglactin acid sheet (PAS) over fibrin glue alone

in preventing postoperative cerebrospinal fluid (CSF) leakage after intra-
dural spinal surgery. These results are both interesting and clinically
relevant. The singularly unimpressive effectiveness of fibrin glue alone in
preventing CSF leaks mirrors my own experience. Unfortunately, this
study did not contain a patient group treated with PAS alone. Although
I personally have no experience with PAS, I also use an absorbable sheet
(collagen matrix) after spinal dural closure, albeit without fibrin glue, and
have been very impressed with the results.

Paul C. McCormick
New York, New York

Sugawara et al. retrospectively review a group of patients requiring
intradural spinal procedures. The first thirty-eight patients had a

primary dural closure followed by the application of fibrin glue. The

authors combined PASs with the fibrin glue to reinforce the closure in
the last 15 patients in the series. A single patient required reoperation
for a pseudomeningocele. The others had evidence of extradural CSF
by magnetic resonance imaging scans taken within the first week after
surgery and at 3 to 6 months after surgery. It should be noted that the
vast majority of patients in whom fluid was seen in the early imaging
studies did not have it on the later study, and except for the patient
requiring reoperation, these collections seemed to be asymptomatic.

I believe that all spinal durotomies should be closed in a watertight
manner. No solid scientific data have been published that demon-
strate the efficacy of fibrin glue in sealing CSF leaks after spinal
surgery. In fact, I am not aware of any literature that shows a signif-
icant advantage to using fibrin glue to seal cranial CSF leaks. The few
reports that do exist are scientifically flawed. This report is no differ-
ent. The study is retrospective, the two groups of patients were treated
during different time periods, and there is no evidence that the
asymptomatic abnormalities seen on magnetic resonance imaging
were even CSF.

Administration of pooled blood products is expensive and exposes
patients to potential infections. The authors, and other surgeons in-
terested in this topic, should perform valid studies in the future to
determine the true efficacy of fibrin glue with or without PAS in
patients such as these.

Vincent C. Traynelis
Iowa City, Iowa

The authors describe using PASs and fibrin glue to prevent CSF
leakage after the dura was closed with clips and suture after spinal

surgery. Adding PASs significantly decreased the rate of CSF leaks
compared with the patients who did not receive PASs. Symptomatic
dural leaks can be a significant postoperative problem. This technique
seems to help to prevent CSF leaks. However, it is unclear whether
PAS is available outside of Japan and whether it has Food and Drug
Administration approval.

Volker K.H. Sonntag
Phoenix, Arizona

This article addresses an important problem of postoperative CSF
leak and pseudomeningocele formation after intradural surgery.

The authors propose the use of a novel material to assist in reinforcing
the repair. I find it interesting that the authors use metal clips to
perform the majority of the dural closure as their standard technique.
This may account for their relatively high rate of CSF leakage in the
control population. Nonetheless, the use of the material seemed to
substantially decrease the rate of leakage, and their follow-up imaging
was detailed. This material may not be necessary if meticulous dural
closure techniques are used in addition to the new tissue sealants but
may be useful in challenging cases.

Christopher Ames
San Francisco, California
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