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Abstract: Decompressive craniotomy is a neurosurgical emergency procedure in which a large skull
bone is removed and the dura matter is extensively opened. Duraplasty is required to avoid cere-
brospinal fluid (CSF) leakage during the decompressive craniotomy. DuraGen® is a safe and effective
type I collagen matrix graft, which is frequently used in decompressive craniotomy procedures. Since
DuraGen® does not require labor-intensive suturing, the operative time is shortened by DuraGen®

closure with sufficient tightness preventing CSF leakage. Recently, early cranioplasty is preferred to
achieve efficient rehabilitation after decompressive craniotomy. Although evidence of efficacy and
safety of DuraGen® has been increasing in the management of duraplasty, no reports have previously
discussed the condition of DuraGen® during the second surgery (cranioplasty) at this early timing.
DuraGen®-derived neodura develops a mature dura 1 year post its placement, and the neodura
remain fragile at this early time point. A deconstructed fragile neodura may result in postoperative
CSF leakage. Here, we illustrated a multilayered dural repair technique with DuraGen® to avoid
disruption of the fragile neodura during early cranioplasty.
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1. Introduction

Decompressive craniotomy is a neurosurgical emergency procedure in which a large
skull bone is removed and the dura matter is extensively opened [1]. Indications for
decompressive craniotomy are elevated intracranial pressure due to severe traumatic brain
injury and stroke [2]. Subsequent cranioplasty and rehabilitation will be required once the
damaged brain recovers from its initial pathology [2].

Duraplasty is required to avoid cerebrospinal fluid (CSF) leakage during decompres-
sive craniotomy. Current surgical methods of dural repair consist of the use of muscular
fascia, periosteum, and artificial dural substitutes such as Gore-Tex DM® (W.L. Gore &
Associates Inc., Phoenix, AZ, USA) and SEAMDURA® (Gunze, Kyoto, Japan) [3]. Al-
though autografts do not induce an immunological reaction, these tissues are not always
available in the required size. Gore-Tex DM® is a non-absorbable membrane and requires
suturing for dural closure. SEAMDURA®, a biocompatible dural substitute made of a
copolymer of L-lactide, ε-caprolacton and polyglycolic acid, lacks pliability and is difficult
to manipulate [3].

DuraGen® (Integra Life Sciences Corp., Princeton, NJ, USA) is a safe and effective type
I collagen matrix graft, manufactured from bovine Achilles tendon [4]. Since DuraGen®

does not require labor-intensive suturing, the operative time is shortened by DuraGen®

closure with sufficient tightness preventing CSF leakage. Recently, DuraGen® has been
frequently used in decompressive craniotomy procedures [5,6].

Previous studies have demonstrated the potential for early cranioplasty to be a safe
and viable option compared to delayed cranioplasty [7,8]. A possible advantage is the
abbreviation of excessive bed-ridden periods due to the skull defect which would result
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in physical vulnerability, and allowing more aggressive rehabilitation [8]. Cranioplasty is
generally performed 30–60 days post the initial surgery [9]. Although evidence of efficacy
and safety of DuraGen® has been increasing in the management of duraplasty [10], no
reports have previously discussed the condition of DuraGen® during a second surgery
(cranioplasty) at this early timing.

DuraGen®-derived neodura develops a mature dura 1 year post its placement, and
the DuraGen®-derived neodura will remain fragile at this early time point [4,11,12]. It
is difficult to create a surgical plane between the myocutaneous flap and the DuraGen®-
derived neodura covering the brain surface. A deconstructed fragile neodura may result in
postoperative CSF leakage.

Here, we illustrate a multilayered dural repair technique with DuraGen®, which can
be potentially used for preventing disrupture of the fragile neodura.

2. Case Report

A 51-year-old woman presented with sudden-onset headaches, vomiting and abnor-
mal consciousness level. Her CT scan in the emergency department revealed Fisher grade
3 subarachnoid hemorrhage due to rupture of a left middle cerebral artery aneurysm.
Aneurysmal clipping and decompressive frontotemporal craniotomy were performed
(Figure 1A). The dura was cut radially. A 10 × 12.5 cm DuraGen®, cut into 2 pieces, was
placed in a multilayered fashion in order to achieve duraplasty. A larger graft (1.5-times
larger in diameter than the exposed brain surface area) was inserted intradurally (inlay
placement) to obtain sufficient contact with the inner surface of the dura mater. Then,
the radially incised native dura was placed over the inlay graft. An adequate size of
onlay graft was placed extradurally on top of the exposed inlay graft and native dura.
The smaller portion of the graft was sufficient in order to cover the incised native dura.
The repaired dura was fixed with fibrin glue to prevent CSF leakage and migration of
the grafts (Figures 1B and 2). Absence of CSF leakage was confirmed with the Valsalva
maneuver after completion of the dural reconstruction. Postoperative care was as per the
standard protocols.

Figure 1. Cont.
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Figure 1. A multilayered dural repair technique using Duragen®. (A) Postoperative CT scan is
shown. Decompressive frontotemporal craniotomy is performed. (B) Intraoperative images of a
multilayered dural repair technique are shown. The dura is cut radially (1). DuraGen® is cut into
2 pieces. A larger graft is inserted intradurally (2). The radially incised native dura is placed over the
inlay graft. An adequate size of onlay graft is placed extradurally on top of the exposed inlay graft
and native dura (3). The repaired dura is fixed with fibrin glue to prevent CSF leak and migration of
the grafts (4).

Figure 2. Intraoperative image of inlay and onlay Duragen® during early craniotomy. A slight
adhesion between the onlay graft and overlying scalp and temporalis muscle is noted. Although
the onlay graft is partly fractured, the inlayed graft remains completely intact. No CSF leakage is
observed postoperatively. Furthermore, the inlayed graft appears to be mostly resorbed, creating a
secondary dura mater between the skin graft and brain: a neodura.
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There was no clinical evidence of postoperative CSF leakage. Cranioplasty was
performed 27 days after decompressive craniotomy. The musculocutaneous flap was
re-opened without irritating the radically incised native dura and inlay graft. A slight
adhesion between the onlay graft and overlying scalp and temporalis muscle was noted.
The dissection plane could be easily identified by the native dura between inlay and onlay
grafts. Although the onlay graft was partly fractured, the inlayed graft remained completely
intact. Furthermore, the inlayed graft appeared to have already been mostly resorbed,
creating a secondary dura between the musculocutaneous flap and brain: a neodura.
No CSF leakage was observed post the cranioplasty procedure. This technique made
the musculocutaneous flap dissection faster and potentially safer. The patient achieved
efficient rehabilitation after early cranioplasty. She was discharged three weeks after the
cranioplasty without any severe neurological sequelae.

3. Discussion

DuraGen® is extensively used in neurosurgery as a dural substitute. Several reports
have demonstrated low complication rates associated with CSF leakage [4–6,11,13]. There
are some studies showing the multilayered dural closure techniques with DuraGen® to
prevent CSF leakage [14,15]. However, no reports have demonstrated the issues of its
condition during a second surgery (cranioplasty) at an early timing.

Fibroblasts begin to migrate into the matrix 2 to 3 days after implantation of DuraGen®

which initializes its process of laying down new collagen. Within 2 weeks, a neodural
membrane forms between the dural margins to permanently close the dural defect. After
6–8 weeks, the implant is resorbed and replaced by dural tissue. After 1 year, the neodura
is replaced completely by a mature dura [4–6,11,12].

In our case, a fragile neodura was observed on the brain surface 27 days after decom-
pressive craniotomy. The myocutaneous flap should be opened meticulously in order to
avoid excessive, and/or additional damage to both the flap and underlying brain [16].
A previous study reported a multilayered onlay repair utilizing both DuraGen and a
gelatin film barrier (Gelfilm®; Pfizer, New York, NY, USA) to prevent scarring and tissue
adhesion, which facilitates a safe and rapid cranioplasty following decompressive cran-
iotomy [16]. However, one disadvantage of using a gelatin film is that patients may be
at increased risk of infection and adverse biological reaction [17]. An increase of tissue
adhesion between graft and brain surface were observed with DuraGen® compared with
periosteum [13]. Notably, the inlayed DuraGen® must be carefully preserved during the
procedure to avoid CSF leakage and related possible complications. The patients, who have
persistent subcutaneous CSF collection or a pseudo meningocele, may require a second
intervention [12].

The present multilayered dural repair technique was used to achieve a successful
cranioplasty preventing irritation of the graft adjacent to the brain during early cranioplasty,
resulting in no CSF leakage. In our case, a 10 cm × 12.5 cm DuraGen® was cut into 2
pieces. Inlay–onlay sandwich graft technique can be achieved using only one sheet of
DuraGen® by insertion of native dura between the inlay and onlay grafts, sparing medical
resources (Figure 3). Sufficient overlap of the onlay graft and native dura is facilitated by
radially incised native dura. Arch shape incision is not necessarily recommended (Figure
A1). Inlay–onlay sandwich graft technique for arch shape incision tends to need two sheets
of DuraGen® for sufficient overlap of the onlay graft and native dura.

DuraGen® can be used for a variety of conditions and procedures including trau-
matic brain injury and stroke. The necessity for earlier cranioplasty will also continue to
increase in order to achieve prompt and efficient rehabilitation. This technique can make
cranioplasty dissection faster and potentially safer, and subsequently improve clinical
outcomes. Further experiences are needed to validate the advantages and disadvantages
of the procedure in large sample sizes.
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Figure 3. Scheme of a multilayered dural repair technique using Duragen (related to Figure 1B).

4. Conclusions

Early cranioplasty is preferred to achieve efficient rehabilitation after decompressive
craniotomy. Neodura derived from DuraGen®, which is an absorbable engineered collagen-
based artificial graft remains fragile at this early timing. We illustrated a multilayered
dural repair technique with DuraGen® to avoid disruption of the fragile neodura during
early cranioplasty.
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Appendix A

Figure A1. Arch shape incision of dura is performed (1). A 10 cm ×12.5 cm Duragen® is cut into
2 pieces (2). A larger graft is inserted intradurally (3). Incised native dura is placed over the inlay
graft. An adequate size of onlay graft is placed extradurally on top of the exposed inlay graft and
native dura (4).
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