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ABSTRACT

Background: The adhesion between the dura and the muscle is one of the serious problems of
patients who need delayed cranial bone replacement due to decompressive craniotomy after
brain swelling, but there is no ideal solution to reduce this complication. This study aimed to
determine the effect of implanting a silicone membrane between the muscle and the dura after
craniotomy surgery in patients requiring delayed bone replacement at the craniotomy site.
Methods: In this clinical prospective cohort trial study with no evidence, all patients undergoing
late cranial bone grafting after craniotomy were selected, and a total of 24 people were included
in this study. During the craniotomy, a silicone mesh measuring 5 x 5 cm was placed between
the dura and the muscle. Adhesion between the dura and the muscle and side effects associated
with this procedure were examined during cranial bone grafting.

Results: Out of 24 patients requiring delayed cranial bone grafting, three individuals died and six
individuals did not refer for cranioplasty; therefore, the operation was performed on 15 patients.
During the operation, no cases of muscle-dura adhesion were observed, and in all 15 patients,
the dura was completely detached from the muscle. Also, none of the patients presented side
effects such as muscle bleeding at the surgery site, infection, and allergy to the mesh.
Discussion: Implantation of silicone layer between the dura and the muscle during craniotomy
in patients suffering from cerebral edema can prevent muscle-dura adhesion without causing
serious complications for the patients.
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Introduction

ecompressive craniotomy is one of the
Dmost common practices in neurosurgery

that has increased with the increase in
urbanization, machine life, the age of
communities, as well as the increase of traumas
caused by motor vehicle accidents in developing
societies (1). Iran has not been an exception to
this rule, and unfortunately, with the great
number of road traffic accidents and the traumas
caused by them, as well as the increasing
prevalence of diseases caused by inactivity in the
young and middle-aged population, the need for
decompressive craniotomy after ischemic stroke
and acute subdural is also raising (2,3).

In some neurosurgery patients who need
emergency or elective craniotomy, some
conditions may be created during the operation
that lead to loss of autoregulation and brain
swelling (4), and at the end of the surgery to
maintain normal intracranial pressure (ICP),
there will be no possibility to reposition the
removed free bone flap (5). In such cases, bone
replacement is recommended after about three
weeks to six months (6). The problem is that in
such cases, during this period of time, muscle
and fascia at the craniotomy site become
strongly attached to the dura and lead to some
complications, including pain and difficulties
during the operation (7).

The use of silicone mesh at the site of surgery
in these patients is one of the proceeding actions
that seems to reduce the adhesion between the
muscle and the dura and facilitate the
cranioplasty (8). Also, by using this simple and
low-cost  procedure, not only these
complications are prevented, but also, the
process can be turned into a comprehensive
method with acceptable results. Therefore, this
study aimed to evaluate the results of using
silicone membranes in the space between the
muscle and the dura after craniotomy in patients
requiring delayed bone placement at the
craniotomy site.

Materials and Methods

This prospective cohort study with historical
evidence approved by the Ethics Committee of
Isfahan University of Medical Sciences (Ethical
code: IR.MUI.REC.1396.3.643) was conducted
during the years 2018 to 2020 at Ayatollah
Kashani hospital in Isfahan. The study
population included the patients undergoing
craniotomy with delayed cranial bone placement
at the craniotomy site.
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In this prospective cohort study, the
comparison is between patients included in the
study whom silicone mesh was used for, versus
patients who were not included in this study and
routinely underwent cranioplasty after three
weeks to six months without using mesh.

The inclusion criteria were undergoing
decompressive craniotomy surgery, being a
candidate for implantation of silicone membrane
between muscle and dura, having no underlying
diseases including diabetes, and filling the
informed consent by patient or companions
confirming the participation in the study.
Patients who died during the craniotomy
operation before the bone implantation or did not
return for the cranioplasty operation were
excluded from the study.

The data associated with muscle-dura
adhesions, dural rupture, muscle bleeding during
surgery, and postoperative pain intensity in
conscious patients, were recorded and evaluated
as the findings of the study. The amount of
bleeding during the operation was determined
based on the number of gauzes impregnated with
blood (the volume of each gauze was 10 cc). Pain
intensity was evaluated using VAS scale
between zero to ten. Other complications such as
infection and pruritus were also evaluated and
recorded, as well as the repair site condition.
This study was performed using a census method
and all patients requiring delayed cranial bone
placement at the craniotomy site who underwent
surgery in the Ayatollah Kashani hospital from
the beginning of 2018 to the end of 2020 and
were eligible to enter the study, were included in
the study.

The method was so that from early 2018 to
late 2020, all patients who suffered acute
cerebral edema due to ischemic or subdural
hematoma and needed  decompressive
craniotomy surgery were examined and checked;
the patients who needed delayed bone
replacement were included in the research.

The intervention process in these patients
included the implantation of a silicone
membrane between the muscle and the dura at
the end of the operation (Figure 1 and 2).
Depending on the degree of swelling, the time
interval between craniotomy and cranioplasty
ranged from six weeks to six months. Patients
were followed up by telephone weekly during
this period and the incidence of side effects such
as infection and severity of postoperative pain
(in conscious patients) were evaluated and
recorded.
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Figure 1-A shows a mesh removed from the
space between the muscle and the dura that has
no adhesion. Figure 1-B shows the site of the
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cranioplasty, which shows neither bleeding from
the muscle, nor adhesions between the muscle
and the dura.

Figures 1 (A) and (B). Insertion of a silicone mesh between the dura and the muscle during

craniotomy.

The obtained data were finally entered into SPSS version 26 and analyzed by Chi-square and t-test.

Results

From early 2018 to late 2020, a total of 24
patients were examined. They all underwent
decompressive craniotomy requiring delayed
bone replacement and had the conditions and
consent to participate in this study. The mean age
of the above-mentioned patients was 46.8 + 16
years with a range of 22-78 years of whom 20
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(83.3%) were male and four (16.7%) were
female. The cause of cerebral edema in six
patients (25%) was subarachnoid hemorrhage, in
two patients (8.3%) was epidural hematoma, in
four patients (16.7%) was intracerebral
hemorrhage, in eight patients (33.3%) was
subdural hematoma, and in four patients (16.7%)
was stroke (Figure 2).

ICH SDH CVA

Causes of brain edema

Figure 2. Frequency of the causes of cerebral edema in patients studied.
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Table 1 shows the frequency distribution of
the causes of cerebral edema in terms of age and
gender of patients. According to this table,
patients suffering from epidural hematoma had
the highest mean age and those suffering from
subarachnoid hemorrhage had the lowest one,
but the mean age of patients did not differ
significantly in terms of the cause of cerebral

edema (P=0.052). The most common cause of
cerebral edema in men was subdural hematoma
with a frequency of seven cases (35%) and in
women, intracerebral hemorrhage with a
frequency of two cases (50%); thus, the cause of
cerebral edema was significantly different
between two genders (P=0.028).

Table 1. Frequency distribution of the cause of cerebral edema in terms of age and sex

Cause of Cerebral Edema

Average age

Abundance of sex

Male Female
Subarachnoid hemorrhage 36.83+14.6 6 (30) 0(0)
Epidural hematoma 49+5.66 2 (10) 0(0)
Intracerebral hemorrhage 66.25+10.78 2 (10) 2 (50)
Subdural hematoma 43.5+16.42 7 (35) 1(25)
Stroke 46.79+10.63 3(15) 1 (25)
P-value 0.052 0.028

Out of 24 patients undergoing craniotomy
who needed delayed placement of cranial bone,
six patients (25%) did not refer for cranioplasty
and three of them (12.5%) died; therefore,
cranioplasty was performed with silicone
meshes on 15 patients (62.5%). The mean time
interval between craniotomy and cranioplasty
was 9.93+4.44 weeks. Muscle removal from
dura was performed easily in all patients
undergoing meshing and no case of adhesion
was observed in any of them. There was also no
case of active muscle bleeding in any patients. In
one of the patients, two weeks after
decompressive craniotomy, the incision was
opened and the mesh was removed due to
subcutaneous discharge on the posterior side of
the incision, but the discharge site was not
relevant to the location of the mesh. None of the
patients undergoing meshing complained of
severe postoperative pain and generalized pain
during the time interval between craniotomy and
cranioplasty.

Discussion

Muscle-dura adhesion between craniotomy
and cranioplasty in patients with cerebral edema
for whom cranial bone implantation is not
possible during surgery is a serious problem, as
this adhesion can lead to bleeding while
separating the muscle from the dura, localized
injury, and the incidence of surgical site
infection as well as being annoying to the
patients during the treatment period. Therefore,
it seemed that the placement of a silicone mesh
between the dura and the muscle could prevent
the two tissues from sticking to each other during
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the time interval between craniotomy and
repositioning of the skull bone. Therefore, this
study was performed to determine the results of
the implantation of silicone membrane in the
space between the muscle and rigid tissue after
craniotomy surgery in patients requiring delayed
bone placement at the craniotomy site.

The findings of this study showed that the
implantation of a silicone membrane between
the muscle and the dura prevents adhesion
between these two tissues, and meshing in
patients undergoing craniotomy who require
delayed cranial bone placement appears to
facilitate bone placement without causing
serious side effects in the patients. In a study by
Mumert et al., the effects of using a Seprafilm
layer in preventing muscle-dura adhesion in
three craniotomy patients were examined, and in
all three patients, no adhesion was observed
between the muscle and the dura during the
placement of the skull bone. No side effects were
observed in any patients (9). In another study by
Zhou et al, 56 patients underwent
decompressive craniotomy using an anti-
adhesive substance called COMPONT to
prevent muscle-dura adhesion, two patients
presented for cranioplasty, and no adhesion was
observed during the operation. Also, none of the
patients developed postoperative complications
such as hematoma and infection (10). In another
study by Bulters et al., the effect of implanting a
silicone layer between the dura and the muscle
in 50 patients undergoing decompressive
craniotomy was investigated. According to the
findings of this study, no case of adhesion was
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observed in any of the patients during
cranioplasty (11).

The results of the present study showed that
in patients undergoing craniotomy with the
implantation of a silicone layer between the
muscle and the dura, no serious complications
such as infection and severe pain occurred,
which is consistent with the findings of the
previous studies (9-11). Therefore, it seems that
the implantation of silicone mesh will improve
the quality of cranioplasty in these patients.

Brain edema is defined as an increase in the
fluid inside the brain and most often occurs in
response to certain types of brain injuries
including stroke, concussion, subarachnoid
hemorrhage, primary  and secondary
malignancies, metabolic disorders, infection
failure, and inflammation disorders (12).
Cerebral edema is an acute problem that can
occur suddenly and lead to severe boredom or
death in patients with brain injury (13).

As the skull cannot expand its space, any
increase in brain volume due to an increase in
cerebrospinal fluid levels can quickly put
pressure on vital structures in the central nervous
system. If these conditions are ignored, the
resulting swelling can lead to rapid death.
Almost all organs of the body can be affected by
increased intracranial pressure due to cerebral
edema (13). Therefore, paying attention to
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for the patients.
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