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ABSTRACT

AIM: To create an alternative synthetic dural graft using a parenteral solution bag made of polyvinyl chloride/polypropylene (PVC/
PP).

MATERIAL and METHODS: Twenty-two albino rats were divided into the Sham, DC and BAG groups. Except for the Sham
group animals, the right parietal bone of the rats was totally drilled in a diameter of 1.0 x 0.5 mm. Then, the PVC/PP BAG was
layered over the craniectomized bone of the BAG group animals. Thirty days later, all animals were sacrificed, and inflammatory
processes consisting of polymorphonuclear cell infiltration, inflammation, edema, hyperemia, lymphocytosis, histiocytosis, vascular
proliferation, and fibrosis were graded at the craniectomy site.

RESULTS: The grade values of inflammation, edema, histiocytosis, and fibrosis were found different among the groups (p<0.017). It
was observed that placing a synthetic graft to the surgical site undergoing craniectomy could prevent fibrotic adhesions that might
occur between the brain tissue and scalp in the chronic period. Furthermore, it was considered that this synthetic material did not
increase inflammatory processes secondary to surgery at the surgical site and did not produce a foreign body reaction, toxicity, or
infection.

CONCLUSION: As a result of this study, it was argued that the synthetic material used in this study could be compatible with dermal
and neural tissues and reduce adhesions at the craniectomy field. Therefore, it was considered that this material could be used as
an alternative synthetic dural graft in decompressive craniectomy in human subjects after detailed toxicity studies.
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B INTRODUCTION

ecompressive hemicraniectomy (DC) and duroplasty
D represents a surgical procedure that is still commonly

used to reduce the mortality rate in subjects with
malignant hemispheric infarction, traumatic brain injury (TBI),
subarachnoid hemorrhage (SAH), intracerebral hemorrhage,
cerebral venous and sinus thrombosis, or infections (34).
However, it is known that adhesions can usually develop

between the brain cortex, scalp and temporal muscle after
decompressive craniotomy and may increase the duration
of reconstruction surgery and complications during and
after surgery (14,36). It has been previously suggested in the
literature that autografts, allografts, xenografts and synthetic
dural grafts placed during the first craniectomy can reduce
these adhesions, provide a structural and protective barrier
for the cortex during cranioplasty and provide a dissection
plane, decrease the risk of venous thromboembolism, reduce
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surgery time, blood loss, and the duration of anesthesia
(4,14,16,26,27,29,33). However, there is still no consensus on
the “best dural graft” to be used to improve surgical outcomes.
Moreover, in decompressive craniotomy surgeries performed
under emergency conditions, time is restricted for allograft
duraplasty, as well as other graft options, which may be very
costly and not often available in the operating room (25,27).

In surgical clinics, due to their good handling properties
such as strength, elasticity, formability and resistance to
absorption (2), synthetic materials obtained from plastic
(polyvinyl chloride, polypropylene) bags of sterilized parenteral
solutions, as has been previously described in the Bogota bag
or Borraez bag technique, are still using to prevent adhesion
between the viscera and parietal peritoneum and reduce the
risk of lesions and provide the irrigation of the cavity (20,32).
Moreover, studies have demonstrated that polypropylene can
reduce the inflammatory response, is relatively more resistant
to infections, and is compatible with patients. Furthermore, it
has been determined to be extremely resistant to biological
degradation and tissue enzymes (25).

To reduce the complications of the cranioplasty surgery, the
aim of this preliminary study was to create a synthetic dural
graft alternative, which is sterile, does not adhere to tissues, is
inexpensive, easily available and applicable with various sizes
and easily shaped using a parenteral solution bag made of
polyvinyl chloride/polypropylene.

B MATERIAL and METHODS
Materials

This experimental study was performed in accordance with
the guidelines for the use of laboratory animal subjects in
research set by the Local Ethics Committee.

Twenty-two albino rats weighing between 250-350 mg were
utilized by being randomly divided into three main groups used
for chronic stage investigation (30 days after the application).
The groups were as follows:

e Sham group (neither craniectomy nor bag was applied;
n=>5);

e DC group (craniectomy was applied, but no bag was
layered on the brain surface; n=5+3);

* BAG group (craniectomy was applied, and the bag was
layered on the brain surface; n=6+3).

A parenteral solution bag (Polifleks, Polifarma, Turkey), which
is produced using polyvinyl chloride/polypropylene (PVC/PP),
was used as a synthetic dural graft in this study.

Sedation anesthesia was applied with the intraperitoneal
administration of ketamine HCI (Ketalar®; Pfizer Inc, USA) and
xylazine HCI (Rompun® 2%; Bayer HealthCare AG, Germany).

Surgical Procedure

All animals were sedated with the intraperitoneal administration
of ketamine HCI 40 mg/kg and xylazine HCI 6 mg/kg during
spontaneous respiration at room temperature. Under an
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operating microscope, the head skin was vertically incised
from the nose to the craniocervical junction in the midline
route. Except for the Sham group animals, the right parietal
bone of the rats was drilled in a diameter of approximately
1.0 x 0.5 mm, and the cranium piece was removed by
simple microdissector. Then, a dural incision was made
for dural opening, and the PVC/PP bag, which was cut in
a diameter of approximately 1.5 x 1.0 cm (i.e., its size was
wider than the craniectomy diameter) was layered on the
craniectomized bone of the BAG group animals without dural
closure (Figure 1A-D). Following the mentioned procedure, all
rats were removed from sedation anesthesia spontaneously
under the blanket. Afterward, they were kept at normal
room temperature and examined by a neurosurgeon twice a
day for the development of any neurological deficit. During
the experiment period, no antibiotic or anti-inflammatory
agent that could suppress the development of inflammatory
reactions was used. After thirty days, all animals were re-
sedated with the intraperitoneal administration of ketamine
HCI 40 mg/kg and xylazine HCI 6 mg/kg for sacrification. All
rats were sacrificed using the cervical dislocation technique
and then they were decapitated. Afterward, three rats from
the DC group and three rats from the BAG group were used
for demo purposes to evaluate adhesions and anatomical
distortions during the surgical dissection. The remaining rat
heads were stored in 10% buffered formaldehyde solution at
room temperature for a future histopathological examination.

Histopathological Analysis

Briefly, the specimens collected for histopathological analysis
were fixed in 4% paraformaldehyde in phosphate-buffered
saline at a pH value of 7.4 for a period of 48 hours. They were
immersed into 10% EDTA for decalcification and washed with
tap water overnight. The tissues were prepared in a routine
way by dehydration through a graded alcohol and xylene
series, following which they were embedded in paraffin blocks.
Paraffin serial sections were cut at a thickness of 4-5 pm,
placed onto poly-I-lysine-coated glass slides and mounted
on glass slides. Hematoxylin-eosin (H&E) staining was carried
out, and the sections were analyzed histopathologically under
a light microscope (Nikon Eclipse E600, Nikon AG Instruments,
Switzerland).

The inflammatory processes consisted of polymorphonuclear
cellinfiltration, inflammation, edema, hyperemia, lymphocytosis,
histiocytosis, vascular proliferation, and fibrosis, which were
graded in accordance with the histopathological scoring table
mentioned below. For the purpose of avoiding the observer’s
bias, a blinded pathologist quantified all sections.

e Grade 0: Normal

e Grade 1: Mild

e Grade 2: Moderate
e Grade 3: Severe
Statistical Analysis

The histopathological grade values were analyzed statistically
by the Kruskal-Wallis test. p values below 0.05 were regarded



to be significant. To reveal statistical differences (post hoc
evaluation) between the groups, the Mann-Whitney U test and
the Bonferroni correction test were conducted, and p values
below 0.017 were considered to be significant.

B RESULTS
Demo Results

At the end of the experiment, it was observed during the
dissection performed in the demo animals of the BAG
group that both the scalp and brain tissue were more easily
separated from the synthetic graft, and there was no apparent
adhesion between them. However, in the demo animals of
the DC group, adhesions were observed between the brain
tissue and galea tissue at the craniectomy site that was closed
without applying the synthetic graft. These subjective findings
also supported the results of the experiment.

Light Microscopy

According to the normal brain parenchyma, a similar
inflammatory density was observed in the subjects in the DC
and BAG groups. It was also observed that the inflammatory
response increased at the craniotomy site and around the
synthetic graft. However, no inflammatory response was
observed in the brain parenchyma for any of the groups
(Figure 2).

Histopathological Analysis

The histopathological grade values of inflammation
(X*=11.737, p=0.003), edema (X?°=11.286, p=0.004), hyperemia

(X°=11.340, p=0.003), lymphocytosis (X>=8.142, p=0.017),
histiocytosis (X?=11.776, p=0.003), vascular proliferation
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Figure 1: The rat head skin was
vertically incised from the nose to
the craniocervical junction in mid-
line route (A); right parietal bone
was totally drilled approximately
in diameter of 1.0 X 0.5 mm (B,
C); and then synthetic graft which
was cut approximately in diameter
of 1.5 x 1 cm was layered on the
craniectomized bone of the BAG
group animals (D).

(X=11.082, p=0.004), and fibrosis (X>=12.949, p=0.002) were
found different among the groups (Table I).

The post hoc test results revealed that the inflammation
grade values differed between the Sham and DC (Z=-2.449,
p=0.014) groups and between the Sham and BAG (Z=-
2.894, p=0.004) groups. The edema grade values differed
between the Sham and DC (Z=-2.909, p=0.014) groups and
between the Sham and BAG (Z=-2.894, p=0.004) groups. The
hyperemia grade values differed between the Sham and BAG
(Z=-2.909, p=0.004) groups. The histiocytosis grade values
were found different between the Sham and DC (Z=-2.449,
p=0.014) groups and between the Sham and BAG (Z=-2.909,
p=0.004) groups. The vascular proliferation grade values were
determined to be different between the Sham and BAG (Z=-
2.932, p=0.003) groups. Finally, the fibrosis grade values were
revealed to be different between the Sham and DC (Z=-2.835,
p=0.005) groups and between the Sham and BAG (Z=-2.932,
p=0.003) groups (Table Il, Figure 3).

B DISCUSSION

Adhesions that develop between the cortex, scalp, and
temporal muscle after decompressive craniotomy can increase
the duration of reconstruction surgery and complications
during and after surgery (14,36). Due to these adhesions, the
cerebral cortex and / or cerebral vessels may be damaged
while they are dissected from the scalp or temporal muscle.
Furthermore, if the temporal muscle is left under the bone
flap, a part of the muscle may cause a mass effect on the
brain parenchyma and seizures and/or headache due to dural
irritation. Moreover, the temporal muscle may remain under the
bone flap after the wrong temporal muscle dissection, and it
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Figure 2: According to the normal brain parenchyma, similar inflammatory density was observed in subjects in the DC group and BAG

group. It was also observed that the inflammatory response increased in the craniotomy field (white arrow) and around the synthetic graft
(black arrow). However, no inflammatory response was observed in the brain parenchyma for either group. (*) refers to the synthetic graft.

Table I: Table Describes the Histopathological Analyses Results

Sham DC BAG

Variable (n':’::f’ri?:x) (rm::i?:x) (.?,'i'ﬁf’.if:x) x P

Polymorphonucleer cell infiltration 1(1-1) 1(1-2) 2.50 (1-4) 5.527 0.063
Inflammation 1(1-1) 2(1-2) 3 (2-4) 11.737 0.003
Edema 1(1-1) 2(1-2) 2.50 (2-4) 11.286 0.004
Hyperemia 1(1-1) 2(1-2) 3 (2-4) 11.340 0.003
Lymphocytosis 1(1-1) 1(1-1) 2.50 (1-4) 8.142 0.017
Histiocytosis 1(1-1) 2(1-2) 3.50 (2-4) 11.776 0.003
Vascular proliferation 1(1-1) 1(1-2) 2.50 (2-3) 11.082 0.004
Fibrosis 1(1-1) 2 (2-3) 3.50 (3-4) 12.949 0.002

The Krusskal-Wallis test, (p<0.05). (Min: Minimum, Max: Maximum, X2: Chi-square).

may cause worse cosmetic results since there is not sufficient
muscle to cover the bone flap (8,18,19). In this regard, it has
been recommended to use dural grafts during decompressive
craniectomy (27).

Dural autografts (such as galea-pericranium or fascia lata) are
often preferred due to their cost-effectiveness and almost the
complete absence of the risk of tissue rejection or infection
(unlike allografts) (15,28,35,39). On the other hand, the size of
the existing autograft may not be enough to close a large dural
defect that occurs during DC, and the duration of the graft
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removal may cause adverse results, such as the unnecessary
prolongation of the operation time and additional morbidities
that may occur when the graft is obtained from the fascia lata
muscle. Moreover, these vital grafts may densely adhere to
the adjacent tissues, such as the scalp, and cause difficulty
in surgical dissection. As a result, it is thought that it is not
practical to use autologous tissues because of these negative
aspects, and it can increase surgical morbidity (9,25,27,29,39).
Nowadays, due to the mentioned disadvantages of autografts,
the trend toward various biological (such as allografts and
xenografts) and synthetic grafts is, therefore, increasing (27).



Table II: Table Demonstrates the Post Hoc Test Results of the
Histopathological Findings

Variable Group (I-J) Zz p
Sham/ DC -2.449 0.014
Inflammation Sham/ BAG -2.894 0.004
DC /BAG -2.202 0.028
Sham/ DC -2.449 0.014
Edema Sham/ BAG -2.909 0.003
DC / BAG -1.909 0.056
Sham/ DC -1.964 0.050
Hyperemia Sham/ BAG -2.909 0.004
DC /BAG -2.327 0.020
Sham/ DC 0.000 1.000
Lymphocytosis Sham/ BAG -2.121 0.034
DC / BAG -2.121 0.034
Sham/ DC -2.449 0.014
Histiocytosis Sham/ BAG -2.909 0.004
DC / BAG -2.214 0.027
Sham/ DC -1.500 0.134
Vascular proliferation ~ Sham/ BAG -2.932 0.003
DC / BAG -2.345 0.019
Sham/ DC -2.835 0.005
Fibrosis Sham/ BAG -2.932 0.003
DC / BAG -2.345 0.019

Mann-Whitney U test and Bonferroni Correction test, p <0.017. (Z: Z
score).

Inflammation
47 Edema
Hyperemia
Lymphocytosis
Histiocytosis
Vascular
proliferation
Fibrosis

Grade

LR TR RN TRTAvTuany]

LA,
IO

Sham . bC -
GROUPS

Figure 3: Bars represent inflammatory processes consisted of
inflammation, hyperemia, edema, lymphocytosis, histiocytosis,
vascular proliferation and fibrosis va.
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Theoretically, xenografts (such as the pericardium, intestinal
submucosa or peritoneum obtained from bovine, porcine,
equine, or ovine donors) (1,3,5,10,23,24,37) or synthetic grafts
(such as silicon, polytetrafluoroethylene (PTFE), expanded
PTFE, polyethene polyester urethane, polylactic acid sheets,
polyglactin 910-polydioxanone, polysiloxane-carbonate film,
biosynthetic cellulose) do not generally trigger the inflammatory
response (6,11,22,25,30,33,38). Xenografts are preferred in
many clinics because they are abundant in use, have dura-
like mechanical properties and have relatively lower costs.
Nevertheless, xenografts may have a risk of immunological
reactions, in addition to zoonotic diseases. Furthermore, it is
not possible to effectively neutralize prion proteins on the graft
by neutralizing agents (13,21,31).

Due to all the above-mentioned disadvantages of autologous
grafts and xenografts, studies have focused on synthetic and
semi-synthetic dural grafts (23,24,25). Synthetic materials
have begun to be a suitable alternative, with good handling
properties such as easy accessibility, strength, elasticity, and
formability. However, synthetics are not exposed to vascular
and epithelial fusion with natural dura as biological grafts,
which can complicate radiography and cause inflammatory
reactions or friction injury (2). Polypropylene has been
determined to reduce the inflammatory response, be relatively
more resistant to infections and compatible with tissues.
Furthermore, it has been reported to be extremely resistant to
biological degradation and tissue enzymes (25). In the current
study, the main purpose was to find an alternative dura graft
that could be cheap, easily available, compatible with neural
and other tissues, and easily shaped. For this purpose, we
chose to use the PVC/PP dural graft which can be obtained
from a parenteral solution bag, which has already been used in
abdominal surgeries and is proven to be effective, cheap and
easily available and has a width that could close the surgical
site and is easily shaped.

At the end of this study, it was observed that the inflammation,
edema, hyperemia, histiocytosis, vascular proliferation, and
fibrosis grade values differed among the groups. However,
polymorphonuclear cell infiltration grade values were not
found to be different among the groups. Considering these
findings, it was thought that this synthetic material applied did
not cause the acute inflammatory reaction related to infec-
tion in the late period in subjects. The pairwise comparisons
revealed that the inflammation, edema, histiocytosis, and
fibrosis grade values significantly increased in the animals in
the DC and BAG groups. However, these parameters were
not different between the DC and bag groups. Therefore, it
was considered that the PVC/PP graft did not aggravate the
inflammation, edema, hyperemia, lymphocytosis, histiocy-
tosis, vascular proliferation, and fibrosis grade values at the
craniectomy site. Moreover, no inflammation was observed in
the adjacent cerebral cortex where the PVC/PP graft contact-
ed directly, although the marked chronic inflammation char-
acterized by histiocytosis and fibrosis was observed at the
craniectomy site. Briefly, with and without draped synthetic
grafts over the brain surface, no statistically significant differ-
ence was found in the level of inflammation formation, edema
development, hyperemia, lymphocytosis, histiocytosis, and
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fibrosis development. Therefore, it was considered that the
application of a synthetic graft to the craniectomy site did not
cause a significant increase in inflammatory processes sec-
ondary to craniectomy and did not cause a significant foreign
body reaction, toxicity, or infection in neural or other tissues.
Moreover, at the end of the experiment, it was observed
during the dissection performed in the demo animals of the
BAG group that both the scalp and brain tissue were more
easily separated from the synthetic graft, and there was no
apparent adhesion between them. However, in the demo ani-
mals of the DC group, adhesions were observed between the
brain tissue and galea tissue at the craniectomy site that was
closed without applying the synthetic graft. These subjective
findings also supported the results of the experiment.

As a result, it was thought in the light of histopathological
results that placing a synthetic graft obtained from a PVC/PP
bag to the surgical site undergoing craniectomy could prevent
fibrotic adhesions that might occur between the brain tissue
and scalp in the chronic period. Furthermore, it was thought
that this synthetic material did not increase inflammatory
processes secondary to surgery at the surgical site and did
not produce a foreign body reaction, toxicity, or infection.
Therefore, it was considered that this synthetic material could
be compatible with dermal and neural tissues. However, it was
argued that detailed toxicity studies in animal models should
be conducted before applying this material to humans.

Study Limitations

The current preliminary research has a number of limitations.
Firstly, the present study did not include the results of more
specific biochemical and histopathological analyses for other
cytotoxic pathways because of technical and/or financial
restrictions. Moreover, it is necessary to support this research
with electron microscopic findings, which can demonstrate
the presence of any ultrastructural findings of an inflammatory
response and/or neuronal toxicity. However, according to
the study results, it can be said that this synthetic material
is, most likely, biocompatible and nontoxic to the neural
tissue in rats and can be used as a dural graft material after
detailed investigations. Secondly, by evaluating the effect of
the synthetic dural graft on preventing adhesions developing
at the surgical site, it could be thought that this graft should
remain at the surgical site for longer than one month.
However, in the recent literature, it has been reported that the
risk of developing complications (such as infection, seizure,
hydrocephalus, autologous bone flap resorption, neurological
deterioration due to the sinking skin flap) may be high in
patients undergoing late cranioplasty. Moreover, it has been
recommended that the application time of cranioplasty should
be between 30-45 days after decompressive craniectomy
(7,12,17). Therefore, according to the recommendations made
in the literature, it was considered appropriate to evaluate the
graft effectiveness at the end of 30 days in this study. Thirdly,
the present research is far from the investigation of any toxic
impacts of PVC/PP in the long term due to the selected time
period. Finally, in this preliminary study, the toxicity profile
of PVC/PP was not compared with other materials (such as
PTFE, bovine or cadaveric pericardial graft, etc.). Therefore,
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this study results demonstrated with the above-mentioned
limitations that this study might guide future studies on this
issue.

B CONCLUSION

In conclusion, it has been considered that to prevent
adhesions and provide the protection of neural and dermal
tissues the PVC/PP bag used to drape the craniectomy site
could be an alternative synthetic dural graft, which is cheap,
easily available, has a low allergic activity.
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