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In the field of neurosurgery, often the dura mater cannot be sutured, and consequently, it requires a dur-
aplasty procedure using a dural fascial graft. Since 1890, various materials have been researched as dura
mater substitutes. Amniotic membrane, for example, is suitable as a dural graft material and has been
used in neurosurgery since 2012. However, there has been little research on human patient's dural heal-
ing after the use of amniotic membrane in their duraplasty procedure. To address this gap, a clinical

Keywords: experimental study was undertaken to evaluate the human dural healing of 16 patients who had under-
E;T:{:;iri-emb rane gone duraplasty in decompressive craniectomy surgery at Dr. Soetomo General Hospital, Surabaya. The
Fascia amniotic membrane allograft, was sutured to cover the dural defect for eight randomly chosen patients
Comparison (Group 1). The fascial autograft from the temporal muscle had been applied for eight other patients

(Group II). Between 10 and 20 weeks after surgery, the patients underwent cranioplasty and dural healing
evaluation by cerebrospinal fluid (CSF) leakage testing through the edge of the dural defect. The fibrocyte
infiltration around the edge of the dural defect was examined histologically. Statistical analysis, using an
independent (-test, was performed with a confidence interval of 95%. The results of the clinical and his-
tological analysis suggest that an amniotic membrane graft was able to provide watertight dural closure
and adequate fibrocyte infiltration comparable with that provided by temporalis muscle fascia. This
study shows that using an amniotic membrane in neurosurgery has a potential advantage over an alter-
native dural healing.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

During cranial neurosurgery, duraplasty procedures need to be
performed for the following situations: 1) a missing or removed
part of the dura mater; 2) dura mater fistula repair; or 3) the
enlargement of the dura mater or intracranial compartment [1].
These cases require watertight dural closure to minimize the risk
of cerebrospinal fluid (CSF) fistula, infection, herniation, brain
cortex scarring, and adhesions [2].
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Since 1890, various materials have been researched for dura
mater grafting, from metal sheets and autologous/homologous
body tissues to allogeneic tissues and biosynthetic materials; how-
ever, exploration of materials continues [3]. Ideally, the material
for the dura mater substitute should be inert, nontoxic, non-
carcinogenic, water-resistant, able to maintain stitches without
sticking to the cortex, easy to obtain, sterile, and inexpensive [4].

Generally, a synthetic graft material is rejected by a patient’s
body due to a local tissue inflammatory reaction marked by irrita-
tion of the cortex underneath the brain, excessive scar tissue for-
mation, meningitis, and bleeding [5]. In addition, a synthetic
graft is relatively expensive compared with autologous or allo-
geneic graft. Cadaveric human dura mater for graft material is no
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longer used as an alternative because of its association with infec-
tious and carried prion diseases, such as Creutzfeldt-Jakob disease
|6]. However, using graft materials from autologous body tissues
or autografts, such as the pericranium, fascia lata, and temporalis
muscle fascia, does not pose a risk of infectious disease yet does
require excision [3]. The ideal dural graft should be unite with native
dura but not adhere to brain, degradable and replaced with sur-
rounding tissue while providing an adequate patch until then [7].

The amniotic membrane has been used in surgery since 1910,
especially in plastic and eye surgery, due to its ability to stimulate
the epithelization process, inhibit excessive fibrosis, inhibit inflam-
mation and angiogenesis, decrease the immune response, and pro-
vide antimicrobial and antiviral effects [&]. This material is also
effective as a wound dressing, moistening the wound surface and
thereby accelerating the wound-healing process [8]. During this
process, amniotic membrane reduces the pain score in adults, qui-
ets distressed children, and provides a mechanical barrier to micro-
bial invasion [8].

We performed this study to examine, through a clinical and his-
tological review, the healing results of human duraplasty using an
amniotic membrane graft.

2. Methods

This study received legal and ethical clearance from the local
medical research ethics committee of Dr. Soetomo General Hospi-
tal, Surabaya, Indonesia, following the regulatory guidelines of the
country. Also, a research permit was obtained from the Research
and Development Division of East Java, Province Government,
Indonesia. Informed consent documents, details of the medical
treatment, and other necessary approval documents were deliv-
ered to all patients involved in the study prior to its commence-
ment. Informed consent was obtained from all the patients
included in the study. The sample grouping was formed using a
simple randomization method.

Inclusion criteria included an age of 15-60 years, moderate
head injury, severe head injury, and spontaneous intracerebral
hemorrhage cases. Exclusion criteria included malnutrition, dia-
betes mellitus, and infection.

3. Tools and materials

Duraplasty with amniotic membrane graft treatment required a
basic procedure of craniotomy with general anesthesia. A micro-
scope was used for histological examination. The study materials
were temporal muscle fascia, which had been obtained from clin-
ical study subjects, and a 10 x 10-cm 16 layers amniotic mem-
brane allograft, which had been processed at the Tissue Bank
Unit at the Dr. Soetomo General Hospital.

4, Preparation of amniotic membrane

Fresh placentas from normal baby deliveries were collected
aseptically in the childbirth or operating room. Placentas that were
contaminated by meconium were excluded. A suitable placenta
was then placed in a sterile container of physiological NaCl solu-
tion and antibiotic solution. The amniotic membrane was then sep-
arated from the placenta, washed with physiological NaCl solution,
and finally stored at a temperature of 4 °C. The sample could not be
stored for more than four days before processing.

The entire process was performed under sterile conditions, and
each step of the process was noted in logbooks. At the end of
preparation, tissue samples were taken from the remaining leach-
ing solution of NaCl for microbiological examination before the
packaging process.

Subsequently, the amniotic membrane was soaked in a solution
of 0.05% sodium hypochlorite for 10 min; therefore, the pH solu-

tion was neutral. Next, the amniotic membrane was placed in a
water bath shaker filled with sterile physiological NaCl solution
kept at room temperature. The NaCl solution was replaced every
15 min for 2.5 h. A few drops of NaCl solution were taken for
microbiological examination.

The amniotic membrane was washed, stretched, and placed on
a sterile gauze pad, with the chorion side facing the screen before
being cut into the desired size. This process was performed in a
laminar airflow cabinet. The membrane was placed on a sterile tray
and stored in a deep freezer for 24 h as part of a freeze-drying pro-
cess. Before the process began, the drying room was cleaned with
70% alcohol and then cooled to a temperature of —40°C. The
freeze-drying was run for six hours until the water content of the
amniotic membrane had reached approximately 6-7%. The mem-
brane was sterilized using ethylene oxide to eliminate microorgan-
ism or bacteria.

The packaging process took place in the laminar airflow cabinet,
using three layers of polyethylene plastic. A sealing process was
performed using a vacuum sealer. A label was placed between
the second and third layers and provided complete data on the
graft material (graft type, batch number, number of donors, graft
number, date of sterilization, sterilization type, expiration date,
storage recommendations, and additional information).

5. Clinical study

Legal approval for the surgery and a research permit from each
patient's family was obtained prior to the patient undergoing
decompressive craniectomy surgery under general anesthesia.
The average size of the craniotomy had to be at least 10 x 5 cm.
After removing intracranial hematoma lesions, duraplasty was
then performed with an average area of 5 x 2 cm. In the first treat-
ment group, duraplasty was performed with an amniotic mem-
brane graft. In the second group, duraplasty was performed with
a temporalis muscle fascial graft. Each graft was stitched together
on the edge of the dura with silk thread 4/0. The periosteum, mus-
cle, and scalp were then closed layer by layer. The craniectomy
bone flap was kept sterile in the Tissue Bank Unit at Dr. Soetomo
General Hospital.

After 10-20 weeks, cranioplasty was performed using an auto-
graft calvarian bone. The incision and dissection of the scalp, mus-
cle, and periosteum were performed layer by layer so that the dura
mater and graft could be identified by any sign of local infections,
surgical site leaks, extra-dural fluid collections, and other local
abnormalities. The dura and graft site were soaked in povidone-
iodine, and then

10 ml of isotonic saline solution were injected into the subdural
cavity using a 26 g needle. CSF leakage was then checked on the
edge of the dural graft stitching. The disappearance of povidone-
iodine swabs on the dura mater and the graft indicated CSF leak-
age. Once the checking was done, the dura mater and graft were
flushed with sterile isotonic saline. The sample for histological
analysis was obtained by cutting the edge of the dural graft suture
into a size of 0.5 x 0.5 cm. Histological specimens were fixed with
formalin. The edges of the defect and the dural graft were primarily
stitched using silk thread 4/0. Autograft cranioplasty was per-
formed using miniplate screw fixation. The periosteum, muscle,
and skin were then closed layer by layer.

The treatment and control groups underwent cranioplasty and
sampling of dura mater at 10-20 weeks (after decompressive
craniectomy operations). The cranioplasty period differed due to
variations in the length of post operative care for each research
subjects, related to the severity of the intracranial pathology
acquired, as well as the limitations in scheduling subsequent sur-
gery for cranioplasty (Table 1).
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Table 1

Patient data.
Specimen Identity Gender Age Diagnosis Pathology GCS GOS Time
F7060099 L 24 Severe head injury SDH 8 S 10w
F7060101 L 25 Severe head Injury SDH, ICH 7 4 13w
F7060107 L 26 Moderate head injury SDH, ICH 12 5 11w
F7060094 L 27 Severe head injury SDH 8 5 10w
F7060105 P 3 Moderate head injury SDH, ICH 12 5 10w
F7060109 L 35 Severe head injury SDH, ICH 8 4 20w
F7060111 P 47 Severe head injury SDH 7 4 10w
F7060096 L 49 Stroke ICH 13 4 10w
F7060090 L 19 Severe head injury SDH, ICH 5 4 10w
F7060088 P il Severe head injury SDH 7 4 15w
F7060092 L 23 Severe head injury SDH, ICH 5 4 12w
F7060080 L 24 Severe head injury SDH, ICH 8 5 15w
F7060103 L 36 Severe head injury SDH 7 4 1w
F7060084 P 42 Moderate head injury SDH, ICH 12 4 13w
F7060082 L 56 Stroke ICH 13 5 10w
F7060086 L 59 Stroke ICH 12 4 15w

*w: weeks, SDH: subdural hematoma, ICH: intracerebral hematoma.

6. Histological analysis

Pieces from the edges of the dural grafts were fixed in formalin
and Hematoxylin Eosin (H&E) stained. The histological samples
were analyzed by a microscope using a magnification of 40x and

Table 2
Baseline characteristics of subjects.
Variables Fascia (Control  Amniotic P value
Group) (Treatment Group)
Age (mean, 5D) 35 33 0.768
Sex
Male (n=8) [ 2 1.000
Female (n=8) 6 2
Intracranial lesion (n.% of
total per group)
Traumatic SDH 3(18.8%) 2 (12.5%) 0.700
Traumatic SDH ICH 2(12.5%) 6(37.5%)
Stroke ICH 3(18.8%) 0 (0.0%)
GCS
3-8 (n=10) 6 4
9-13 (n = 6) 3| 3 0.696
GOS
4(n=10) 6 4
5(n=6) 2 4 0.302°

" Note: P value is significant if p < 0.05.

then evaluated for fibrocyte infiltration thickness at the edges of
the dural grafts.

6.1. Data analysis

- Population: All patients who underwent decompressive
craniectomy surgery at Dr. Soetomo Hospital.

- Sample: All patients who underwent duraplasty and cranio-
plasty surgery at Dr. Soetomo Hospital who met the inclusion
criteria and were willing to participate in the research by pro-
viding informed consent. Purposive sampling was used in this
research.

The research data were statistically analyzed with an indepen-
dent two-sample t-test on the IBM SPSS Statistics 20 program. The
level of significance for the hypothesis test was 0.05.

7. Results

The mean age of the control group was 35 years (SD 15.9). In the
treatment group, the mean age obtained was 33 years (SD 9.9). The
two-sample t-test obtained a p-value of 0.768 (Table 2). There
were 12 males (75%) and four females (25%) in the entire research

Fig. 1. Microscopic histological examination display with H&E staining at 40= magnification. a. Sample number 3 in amniotic membrane graft group showed 5.89 = 3.57-mm
fibrocyte infiltration; b. Sample number 2 in fascial graft group showed fibrocyte infiltration of 6.14 = 2.82 mm.
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Table 3
Results of histological examination (length and width of fibrocyte tissue infiltration).
Fibrocyte Graft Quantity  Mean Standard  P-value
infiltration Type deviation
Length of Tissue  Fascia 8 7.8588  2.49949 0.82
Amniotic 8 81238 201142
Width of Tissue  Fascia 8 3.5725 1.76452 0.52
Amniotic 8 41288 1.60022

" Note: The p-value of independent two-sample t-test is significant if p < 0.05.

sample. There were six males (75%) and two females (25%) in the
treatment group and six males (75%) and two females (25%) in
the control group (Table 2).

Regarding the intracranial pathology of the study sample, three
patients (18.75%) in the control group and two patients (12.5%) in
the treatment group had a traumatic brain injury with subdural
hematoma. Two patients (12.5%) in the control group and six
patients (37.5%) in the treatment group had a traumatic brain
injury with subdural and intracerebral hematoma. Meanwhile,
three patients (18.75%) in the control group and three patients
(18.75%) in the treatment group had stroke intracerebral hema-
toma (Table 2).

Histopathological examination with H&E staining showed
dense fibrocyte infiltration in the amniotic' membrane graft
(Fig. 1); the mean length of the tissue was 8.12 mm (SD 2.01),
and the mean width of the tissue was 4.12 mm (SD 1.60). In the
group with the fascial graft, the mean length of the tissue was
7.85 mm (SD 2.49), and the mean width of the tissue was 3.57
mm (SD 1.76) (Table 3).

8. Discussion

The search for an ideal dural substitute has been one of the
main challenges in neurosurgery. There are some studies which
explore the material of dural substitution yet few human clinical
studies have been conducted [1]. Several types of biomaterial that
have already been tested in relation to this include allograft, xeno-
graft, and synthetic material |[7] and muscle fascia remains the
most accepted autologous implant in general use [1]. Sheets of
Polytetrafluoroethylene (PTFE) have also been used as an alterna-
tive for dural graft but it was not fuse with surrounding tissue.
Since most synthetic material was nonabsorbable including PTFE,
it has been reported to have many complications, including rejec-
tion, irritation of the cerebral cortex, excessive scar formation,
meningitis, and hemorrhage [7].

Amniotic membrane has advantages as allogeneic material for
tissue replacement procedures. The importance of amniotic mem-
brane resides in its potential to unite well with surrounding natu-
ral tissue, reduce inflammation, enhance epithelization and wound
healing. Davis, in 1910, was the first clinician to successfully use a
fetal amniotic membrane for skin transplantation [8]. In 1940, De
Roth first reported the use of amniotic membrane on the ocular
surface [8]. However, using an amniotic membrane graft as a cover
material for dural defects (in duraplasty procedures) is quite a new
option. The first study on this, by Tomita (2012), found that the
amniotic membrane could be used for graft filling to close dural
defects during skull base surgery without causing tissue rejection,
infection, or CSF leakage. A flaw in this research, however, was that
it was limited to postoperative clinical observation, irrespective of
histological changes.

In this study, we examined the watertight effect of amniotic
membrane grafts, by making 0.9% NaCl fluid injections into the
subdural cavity. This research used, as a control group, patients
who underwent a dural graft with temporalis muscle fascia. Our

Fig. 2. CSF leakage test on sample number 6 of treatment group. No leaks were
found in the connection area with the dura mater-amniotic membrane graft.

results showed that samples with amniotic membrane graft treat-
ment could be sutured along the edges of the dural defect. There
was no CSF leakage present during clinical care, and CSF fistulas
were not shown during treatment (Fig. 2). While performing cran-
ioplasty surgery, we also conducted observations and found no
infections or extra-dural fluid collections.

Parizek (1997) reported, over the course of 20 years, the compli-
cations from 2665 duraplasty procedures that used allogeneic and
xenogeneic fascia lata, pericardium, and dura mater. The complica-
tions occurred in 194 cases (7.3%), including CSF fistula, meningitis,
epidural infection, chiasma compression, and pseudomeningocele
[3]. Two patients died due to severe meningitis [3]. Earlier, Thadani
(1988) had reported a rare delayed complication of Creutzfeldt-
Jacob disease after a duraplasty operation using a cadaveric dura
mater graft. Other complications of recurrent subarachnoid bleed-
ing were reported after duraplasty that used synthetic material
(silastic-coated dacron), it was suggested that bleeding occurred
because of a rupture of fragile capillaries formed in the neomem-
brane enveloping the graft [5]. In our study, we did not find any
of the complications mentioned, but the limitation is that this
study only involved a small number of patients, with short obser-
vation periods.

The ideal duraplasty material should be immunologically inert,
nontoxic, and unable to spread infectious disease [7]|. Amniotic
membrane has some advantages in its ability to reduce inflamma-
tion and enhance epithelialization and wound healing, its lack of
immunogenicity, and its antimicrobial properties [8]. To prevent
iatrogenic disease transmission or infection from allogeneic graft
material, there should be a protocol that donors must be free of
systemic disease, with careful serological screening [3,6]. The tis-
sue bank which processes the material should routinely improve
their decontamination and sterilization methods [3].

Our results corroborate a previous study conducted by Tomita
(2012). The amniotic membrane graft used in human subjects
did not cause tissue rejection, infection, or CSF leakage | 7). In addi-
tion, it was revealed that the fibrocyte infiltration thickness of the
amniotic membrane graft group was not significantly different
from the fascial graft control group; the p-value result for length
was 0.82 (p > 0.05) and width was 0.52 (p > 0.05). This showed that
microscopic fibrocyte infiltration for dural defect healing in the
amniotic membrane graft group was as adequate as the fascial
graft group. Amniotic membrane serves as a substitute material
which facilitates epithelial cell migration, promotes epithelial
differentiation, and prevents epithelial apoptosis [8]. Amniotic
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membrane is used not only as a substitute but also as a scaffold
upon which cells can migrate and regenerate, forming new and
healthy tissue [7].

9. Conclusion

Based on the results from this clinical comparative study, it can
be concluded that duraplasty healing using an amniotic membrane
graft is as effective and safe as that using a fascial graft. An intra-
operative observation and an histological review revealed that
the use of an amniotic membrane graft was able to provide a
watertight effect and was capable of stimulating adequate fibro-
cyte infiltration for edge healing of the dura mater defect. This
research could serve as an initial clinical study to show that amni-
otic membrane grafts have a potential advantage as a dural substi-
tute. An additional long-term study of this material on a larger
population is necessary to complete this present study.

Ethical standards
The study was conducted with the understanding and consent

of the human subjects. The Ethical Committee at Dr. Soetomo Gen-
eral Hospital approved this study.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jocn.2018.01.069.
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