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Abstract Background Skin grafting plays a vital role in post-burn and post-traumatic wound
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Introduction

management. Split-thickness skin grafts (STSG) are traditionally fixed using staples or
sutures, which have tedious application and their removal necessitates painkillers,
medical equipment, and human intervention. As an alternative, fibrin sealant is a
biological tissue adhesive, composed of thrombin, calcium, and fibrinogen. Fibrin
sealant promotes hemostasis and acts as a biological adherent.

Objective The aim of this study was to evaluate the outcomes (graft take, wound
healing and complications) of fibrin sealant and staples for STSG fixation.

Methods It is a randomized controlled trial on 40 patients with wounds of minimum
400 cm?. Wound area was divided into equal halves and randomly allocated to the
study group or control group. In the study group, 4 mL per 200 cm? of fibrin sealant was
sprayed followed by STSG application. In the control group, STSG was fixed with only
skin staples. Evaluation was done on postoperative days 3, 5, 15, and 30 for graft take,
hematoma/seroma, infection, and complete wound healing.

Results The mean graft take was significantly higher (p-value < 0.05) in the study
group than in the control group (91 vs. 89%). No seroma or hematoma formation was
seen in either group. Complete wound healing was seen in more patients in the study
group, but the difference was statistically insignificant.

Conclusion Fibrin sealant is an excellent alternative to staples for skin grafting, with
the advantage of better graft take and being free of pain that is incurred during staple
removal.

Achieving a complete contact of the skin graft with wound

Autologous skin grafting plays a vital role in post-burn and  surface is essential for graft take. The traditional graft fixa-
post-traumatic wound management. Clinical obstacles such  tion techniques include staples and sutures that require
asrepeated graft failure, microbial wound colonization,anda  removal that necessitates painkillers, medical equipment,
scarcity of donor sites have driven the development of  and human intervention.'*> And also it is time consuming to
biologic and synthetic skin substitutes and newer graft fix grafts with sutures. Due to these concerns, an alternative

fixation techniques.
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Absorbable staples were tried, but the venture proved to be a
futile exercise.>™

Preventing fibrin formation through systemic or local
heparinization and application of fibrinolysin to wound
bed have been shown to reduce skin graft adherence.b=®
These findings support the role of fibrin for graft take
and therefore, fibrin sealant was tried to affix grafts to the
wound bed.

Fibrin sealants have been used for fixation of skin grafts
but the results have been inconclusive so far. We conducted
this study to objectively evaluate the use of fibrin sealant for
fixation of skin graft and compare it with the conventional
technique of staple fixation.

Materials and Methods

An interventional randomized controlled trial was con-
ducted for a period of 18 months at our center. The study
was both patient blinded and outcome assessor blinded. The
approval for the study was taken from the institutional

Area of 400 cm? divided into 2
equal halves

review board. The study was registered with Clinical Trials
Registry India (Registration No CTRI/2022/08/044992).

Patients within the age of 1 year and 80 years, with a
minimum of 400 cm? granulating raw area following burns
or trauma, were included in the study after taking written
informed consent. Patients with coagulation disorders and
any other comorbidity that precluded skin grafting were
excluded from the study. All cases were operated when the
preoperative swab report showed no growth. Demographic
details of all the patients were recorded and a detailed
history and clinical examination was performed (=Fig. 1).

The sample size was calculated using the data from a
previous study of Muthukumar et al'® who observed a 95%
graft take with fibrin sealant. Taking these values as refer-
ence and assuming a difference of 25% in graft take
between fibrin sealant and the conventional method, the
minimum required sample size with 80% power of study
and 5% level of significance was 33 patients in each study
group. To reduce the margin of error, the total sample size
taken was 40.
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Fig. 1 Flowchart summarizing the study methodology. STSG, split-thickness skin grafts.
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Formula used was as follows:

N=((pf x (1-pf) +pc x (1-pc)) x pow (Za +Zp, 2)
| pow (pc-pe, 2)

where,
pf=percentage of graft take in fibrin sealant
pc = percentage of graft take in the conventional method
where Za is the value of Z at two-sided « error of 5% and Zp is
the value of Z at power of 80%.

Surgery was performed under general anesthesia. After
cleaning and draping, the area of the wound to be grafted was
measured by taking an impression of the wound on a graph
sheet and counting the number of boxes within the impres-
sion. Wound bed was prepared for grafting by excising a thin
layer of granulation tissue with the help of a skin grafting
knife. Thorough hemostasis was achieved with adrenaline
solution (1:1,00,000) soaked gauzes and bipolar electrocau-
tery. An area of 400cm? was selected and divided into a
proximal and a distal half. A coin toss was done to allocate
each area to either the study group (A) or the control group
(B). In the study group, the graft bed was sprayed with fibrin
sealant (Tisseel, Baxter Biosurgical, Vienna, Austria) with
the help of the Easy Spray device and STSG was quickly
applied onto it. Easy Spray is a battery-operated pressure
regulator device. It spreads sealant in a spray form by using
medical air at a high pressure, from a distance of 15 cm, to
create a thin layer of 4 mL per 200 cm?. In the control group,
STSG was fixed with skin staples. Both the areas were
dressed with Vaseline gauze followed by nonadherent
dressing.

Technique for Preparation of Fibrin Sealant
Fibrin glue is composed of primarily thrombin, calcium, and
fibrinogen. It comes in four components

1. Human thrombin lyophilized: Thrombin is present in
human plasma and takes part in clotting cascade by
converting fibrinogen to fibrin. After reconstitution,
1 mL contains 500IU thrombin that solidifies rapidly.

2. Calcium chloride solution (40 pmol/mL): In the presence
of positive calcium ions, thrombin converts fibrinogen to
fibrin monomers, which then polymerizes to an insoluble
fibrin clot.

3. Synthetic aprotinin solution (3000 K IU/mL): Aprotinin is
a fibrinolysis inhibitor and is added to the fibrinogen
component as a clot stabilizer to ensure clot longevity.

4. Sealer protein concentrate lyophilized: After reconstitu-
tion, 1 mL of the sealer protein contains clottable protein
75 to 115 mg, fibrinogen 70 to 110 mg, plasma fibronectin
2 to 9 mg, factor XII1 10 to 50 U, plasminogen 40 to 120 mg.

Preheat all vials in a Fibrinotherm heating and steering
device or in a water bath at a temperature of 37°C for
approximately 10 minutes. Transfer aprotinin solution to
vial containing sealer protein. Gently swirl the vial to ensure
that the product is completely soaked. Reconstitution is
complete when no undissolved particles are visible. Transfer
calcium chloride solution to the thrombin vial and repeat the
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same. The two solutions are loaded into the syringes and
connected to the spraying system.

Study Outcomes

The first dressing was done on day 3 and the graft was
evaluated by a blinded assessor on postoperative day 3, 5, 15,
and 30. On day 3 and 5, the presence of complications such as
hematoma or seroma formation was noted, and a swab
culture was taken to assess for the presence of any infection.
On day 15, any residual raw area was measured using a graft
sheet as described earlier. The area of graft take was calcu-
lated by deducting the measured residual raw area from the
total raw area (200 cm?). The percentage of graft take was
then calculated. To evaluate wound healing, the number of
patients who had completely healed wounds at day 15 and
day 30 was noted. Wound was considered as healed when the
entire wound surface area was covered with a layer of
epithelium.

All quantitative data were presented as the mean + stan-
dard deviation and as median with 25 and 75 percentiles
(interquartile range). The presentation of the categorical
variables was done in the form of number and percentage
(%). The data normality was checked by using Kolmogorov-
Smirnov test. The cases in which the data was not normal,
nonparametric tests were used. The following statistical tests
were applied for the results:

1. The comparison of the quantitative variables and not nor-
mally distributed in nature were analyzed using Wilcoxon
signed-rank test.

2. The qualitative variables were analyzed using the chi-
squared test.

The data entry was done in the Microsoft Excel spreadsheet
and the final analysis was done with the use of Statistical
Package for Social Sciences (SPSS) software, IBM manufacturer,
Chicago, USA, version 25.0.

A p-value of less than 0.05 was considered statistically
significant.

Results

In our study, the age of the patients ranged from 15 to
54 years. The mean and median ages were 36.17 +11.16
and 37 years, respectively. Most of the patients were from the
age group of 35 to 44 and 45 to 54 years (30% each). This
patient demographic is representative of the predominant
age group and gender distribution of patients that we receive
at our center.

The main indication for STSG were patients with raw areas
following burn injuries constituting 75%, while the rest (25%)
were those with raw areas following trauma. The most
common wound location was upper limb (57.5%) followed
by lower limb (20%), posterior trunk (12.5%), and anterior
trunk (10%). Being a dedicated tertiary level burn care unit,
our center receives a high load of burn victims. Hence, the
majority of our study participants had post-burn raw areas.

The mean percentage of graft take on postoperative day 15
in the fibrin group was 90.88 + 9.86 with a range of 45 to 100,
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Table 1 Comparison of graft take and wound healing between groups FG and C
Group FG (n=40) | Group C (n=40) p-Value
Graft take on day 15
Mean +SD 90.88 +9.86 88.88 £9.37 0.016
Median 95 90
(25th-75th percentile) (85-95) (85-95)
Range 45-100 50-100
Wound healing
Day 15 10 5 0.152
(25%) (12.50%)
Day 30 32 27 0.204
(80%) (67.50%)

Abbreviation: SD, standard deviation.

while in the conventional group, it was 88.88 +9.37 with a
range of 50 to 100. The difference between the two groups was
statistically significant with better graft take noted in the fibrin
group (=Table 1; ~Fig. 2A-C).

Complete wound healing was present in 25% (n=10) and
80% (n=32) of the included areas in the study group on day 15
and 30, respectively. However, in the control group, the number
of areas that were completely healed by day 15 and 30 were
lesser (n=5 on day 15 and n=27 on day 30). This difference
was found to be statistically insignificant (~Table 1).

No seroma or hematoma formation was observed in either
of the groups on the postoperative day 3 and 5. Infection was
noted in 22.5% of the grafts in both the groups in our study, with
a positive wound culture on the postoperative day 3 and 5. The
most common organism isolated was Pseudomonas aeruginosa.

Discussion

Wound care for post-burn and traumatic wounds has evolved
progressively over the years, with various treatment options
dominating the scene during different periods. But skin

grafting has stood the test of time and autologous, meshed
split-thickness skin grafts are the preferred treatment for
extensive full-thickness wounds."'~'4 Skin grafts are usually
secured to the recipient site by sutures, staples, or tie-over
dressings'? as skin graft immobility is crucial for the revas-
cularization of the graft.'® Despite a healthy wound bed and
good postoperative care, failure of skin grafting in a signifi-
cant number of cases has troubled surgeons and patients
alike. Various factors like poor adherence, seroma, or hema-
toma formation disrupt the vascularization of the graft from
its bed resulting in graft failure.'®

Fibrin sealant has been used over the last three decades as
an adhesive in various surgical domains, including plastic and
reconstructive surgery. The hemostatic effect of fibrin was first
demonstrated in wounds by Bergel in 1909."7 Fibrin sealant
was shown to promote hemostasis and act as a biological
adherent by promoting quick, firm adhesion between the
wound bed and the graft.'81?

In our study, the mean percentage of graft take on
postoperative day 15 was higher in the study group as
compared with the control group. Fibrin sealant has been

Fig. 2 (A) Split-thickness skin grafts affixed with fibrin sealant in the proximal 200 cm? and with skin staples in the distal 200cm?. Rest of the
grafted area on abdomen and groin was not included in the study. (B) Postoperative day 3. (C) Postoperative day 15. A small patch of

graft loss is visible in the area allocated to the study group.
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seen to result in a higher graft take by Saxena et al,? Han

et al,2’ Kim et al,?2 Muthukumar et al,'® Gibran et al?> and
Foster et al?* reported a comparable graft take between the
fibrin group and conventional group (=Table 2).

Adherence of the graft to the raw area is crucial for graft
survival. Fibrin sealant reduces graft displacement by promot-
ing clot formation and providing adherence over the entire
wound area, as compared with staples that fix the graft at only
certain points. It also acts as a bonding protein between the
wound bed and skin.~%-*>=?8 Fibrin and fibronectin have been
shown not only to act as conduits for the movement of
fibroblasts but also provide a highly cross-linked fibrin net-
work that stabilizes the graft and enhances the nutrition of the
graft by increased plasmatic circulation/serum imbibition that
is followed by neovascularization by growth of vascular buds.
These properties of fibrin account for better graft take as seen
in ours and other previous studies.

In our study, complete wound healing was present in a
higher number of cases, but this difference was statistically
insignificant. Foster et al?* found the fibrin sealant and staple
fixation to be equally efficacious for complete wound closure.
On the contrary, Gibran et al?> found statistically significant
difference in wound healing between the fibrin and conven-
tional group on day 28, which they attributed to the contiguous
adhesion provided by the sealant to the graft (~Table 2). For a
wound to heal, wound fibroblasts, macrophages, or migratory
keratinocytes contribute to persistent fibronectin deposition.
The fibrin-fibronectin matrix facilitates the transmigration of
fibroblasts that then generate type 1 collagen. This illustrates
how increased cross-linking in a matrix provided by fibrin
sealant may speed up the migration of fibroblasts through the
matrix.

The mechanical factors (hematoma/seroma, shear forces)
play an essential role in the causation of graft failure by
altering the fibrin interface between the graft and wound
bed, thus interfering with revascularization. In our study, no
seroma or hematoma formation was observed in either of the
groups on the postoperative day 3 and 5. Majority of the
other studies have also reported no incidence of seromas or
hematomas with the use of fibrin sealant. Fibrin sealant has
been observed to aid clot formation thereby promoting
hemostasis and reducing the chances of hematoma forma-
tion. However, Foster et al** and Han et al?! reported 29.7
and 7.84% incidence of seroma and hematoma, respectively,
in the fibrin sealant group. The sheet grafts applied to the
wound bed in their study could have accounted for the
formation of seroma and hematoma as drainage is limited
in a sheet as compared with a meshed graft. We attribute the
absence of seroma or hematoma formation in our study to
the use of meshed skin grafts and our emphasis on thorough
hemostasis (=Table 2).

In addition to the above-mentioned observations, it was
also noted that application of skin staplers was slightly more
time consuming and the removal was a painful experience
for the patients, both of which are obviated by the use of
fibrin sealant. Use of fibrin sealant has been shown to reduce
postoperative pain in other studies as well.?%-3°
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Limitations of the Study

Due to contiguity of the wound areas in the study and the
control group, various parameters such as pain score and
infection rates could not be evaluated. Removal of staples
was associated with pain, but no statistical evaluation was
done to compare pain at the recipient site between both the
groups. The duration of surgery was not compared in our
study as we grafted small areas of 200cm?, but further
studies can evaluate this aspect.

Conclusion

Fibrin sealant is an excellent alternative to use of staples for
fixation of skin grafts. Its use is associated with a significantly
increased percentage of graft take and is also equally effica-
cious as staples in achieving complete wound closure. Further
research is essential to analyze the financial feasibility of use of
fibrin sealants in skin grafting procedures.
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