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a b s t r a c t

Background: Improving epithelialization of donor sites of split-thickness skin grafts (STSG) is

extremely important in burned patients. We aimed to assess the efficacy of pirfenidone, a

drug with anti-inflammatory, antifibrotic, and antioxidant effects, to accelerate wound

healing. We hypothesized that pirfenidone accelerates the epithelialization rates in donor

sites.

Methods: We included 28 patients requiring STSGs with donor sites of at least 7.5�10cm. After

harvesting, the donor sites were randomly treated with either non-adherent gauze or topical

pirfenidone and covered with non-adherent gauze. To assess epithelialization, biopsies were

taken at day 7 and 10 on the pirfenidone group, and at day 10 on the control group. Percentage

of epithelialization was assessed on the same days through clinical photographs. The

pathologists and the clinical observer were blinded to the group and timepoint of the

samples.

Results: 24 patients were included in the study, with a median age of 21(5–73) for control group

and 28(9–61) for pirfenidone. The thickness of epithelium was 75.10�60mm at day 10 for the

control group; and 98.21�6mm at day 7, and 108�22mm at day 10 for the pirfenidone group

(p=<0.05). Epithelization rate was 83.58�14.09% at day 10 for the control group; and 98.7

�1.8% at day 7, and 99.5�1.6% at day 10 for the pirfenidone group.

Conclusions: Pirfenidone is efficient in reducing the healing times when applied in STSG donor

sites, at both days 7 and 10.

© 2018 Elsevier Ltd and ISBI. All rights reserved.
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1. Introduction

Skin grafting is one of the oldest and most common procedures
in plastic surgery, and the treatment of skin donor sites has
been an important issue for decades [1]. Split thickness skin
grafts (STSGs) contain the entirety of the epidermis and a
variable amount of dermis depending on the thickness of the
harvested graft [2]. This procedure creates a wound in the
donor site that is similar to a superficial, second-degree burn,
which usually takes between 14 and 21days to spontaneously
heal with relatively inconspicuous scarring [3].

It is important to treat the donor sites as any other injury
because they are often more painful than the original wound
where the graft is applied [2]. STSG donor sites can develop
complications such as poor scar formation, with changes in
skin color and texture [4]. Improved resuscitation and
treatment for burn patients have led to an increased survival
for patients with large burned areas, which may involve most
of the entire body surface. In some patients, it is necessary to
harvest subsequent skin grafts from the same donor site,
which is limited by skin quality and healing times; this process
can consume a considerable amount of time and may increase
the risk of bacterial contamination, thereby, increasing the
morbidity and mortality of these patients [3,5]. Hence, it is
important to reduce the time between grafting.

Based on these characteristics, the foremost objectives of
an adequate treatment of the donor site include relieving pain,
accelerating healing, and preventing infection. Multiple
dressings have been developed to treat donor sites, of which
the paraffin impregnated gauze is the simplest and the most
widely used occlusive dressing [2]. In this study, we focused on
healing time because it is critical for higher morbidity patients
(e.g., patients with large burns).

Reported epithelialization times of STSG donor sites vary
among studies, which is probably because of numerous
unreported variables and factors affecting the healing rates.
The reported mean time for epithelialization for a STSG donor
site that is treated with paraffin impregnated gauze is
12.79days [6]. Other more modern dressings, such as hydro-
colloid, transparent film, and calcium alginate dressings, have
demonstrated faster healing times [6]. In general, moist
dressings are more effective in promoting reduced healing
times and pain relief, making them the preferred choice for
most cases [7].

Although modern dressings have shown substantial
improvements, new potential treatments and technologies
frequently emerge. Pirfenidone (5-methyl-1-phenyl-2-(1H)-
pyridine) is a synthetic pyridine that was created by Gadekar
as a compound with analgesic, antipyretic, and anti-inflam-
matory properties [8]. The most common use of pirfenidone is
to treat idiopathic pulmonary fibrosis. However, this sub-
stance has been reported to act by modulating certain
cytokines, such as TGF-B, TNF-alpha, epidermal growth factor
and platelet derived growth factor, to reduce the inflammatory
response [8,9].

In Mexico, pirfenidone exists in an 8% gel form, with the
commercial name of Kitoscell

1

(CellPharma, Mexico City,
Mexico). The principal use of Kitoscell

1

is for treating and
preventing pathological scar formation [10]. However,

Kitoscell
1

may also be useful in the treatment of acute wounds
because it reduces the inflammatory response, thereby
controlling secondary edema and promoting a better blood
supply. These effects may synergistically act by regulating
wound healing and collagen production [11]. Considering the
antifibrotic, anti-inflammatory, and antioxidant effects of
Kitoscell

1

, we decided to evaluate its efficacy in accelerating
the epithelialization process in STSG donor sites. We con-
ducted a pilot study to determine whether topical pirfenidone
is effective in reducing total epithelialization times in STSG
donor sites.

2. Methods

We conducted an experimental, longitudinal, prospective, and
comparative study with blinded evaluations at the Hospital
University “Dr. José E. González” in Monterrey, Mexico. It was
designed and monitored in accordance with the Declaration of
Helsinki and Good Clinical Practice as defined by the
International Conference on Harmonization. The study was
approved by the institutional ethics committees of our
institution. All patients provided a written informed consent.
The inclusion criteria included patients who required STSG
with a donor site of at least 7.5�10cm, burn and trauma
patients. The exclusion criteria comprised pregnant patients,
patients with known allergy to any of the components of the
formula, patients under steroids treatment and those with
additional dermatological diseases. A STSG of 0.35mm
(0.014in.) of at least 10�7.5cm from anterolateral aspect of
the proximal thigh was obtained, using a ZimmerTM derma-
tome 8821-01 (Zimmer Orthopaedic Surgical Products, Ohio).

2.1. Randomization and allocation

Patients were randomized 1:2 in either control or treatment
group using a computer generator program for this single
center study. The control group comprised 9 patients in whom
donor sites were covered only with non-adherent gauzes
(ADAPTIC

1

, Systagenix, Gatwick, UK). On the other hand,
treatment group comprised 14 patients in whom donor sites
were covered with ADAPTIC

1

followed by the application of
5ml of Kitoscell

1

gel over the entire area.

2.2. Donor site management

2.2.1. Control group
As mentioned previously, donor sites were covered with a non-
adherent gauze, without any secondary dressing. No further
management was provided. On day 9, a 5mm layer of
petroleum jelly (Vaseline, Unilever, London, UK) was applied
over the donor site and left overnight. On the following day, the
ADAPTIC

1

was removed to assess epithelialization.

2.3. Treatment group

The donor site was covered with ADAPTIC
1

and 5ml of
Kitoscell

1

were distributed over the donor site area every 8h (q-
8h) for 6days. No secondary dressing or further management
were provided. On day 6, Vaseline was applied as previously
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described in the control group, and the non-adherent dressing
was removed on day 7. If complete epithelialization was not
achieved, pirfenidone was applied q-8h daily until full
epithelialization was attained.

2.4. Epithelialization assessment

After the ADAPTIC
1

was removed, in both groups, clinical
photographs of donor sites were taken for epithelialization
assessment. The photographs were taken using a digital
camera (Canon Power Shot SX500 IS HD 30�) with standard-
ized photographic adjustments (distance of 30cm, f30, 1/30 ISO
100) within an opaque box. The box was illuminated with three
LED lamps (LAM-515, STEREN, Electronica Steren, Mexico City,
Mexico), and the extremity was covered with a translucent
screen to ensure consistent lighting conditions.

The photographs were evaluated by a plastic surgeon who
was blinded to the treatment allocation. The percentage of
epithelialization was calculated by analyzing the photographs
of donor sites using an image software (Photoshop

1

CC 2014,
Adobe Systems Incorporated, California). Briefly, the donor
area was selected, and the total number of pixels in the
selection was determined. The non-epithelialized areas in the
image were then selected, and the number of pixels in this area
was determined. The percentage of epithelialization was
calculated by dividing the epithelialized area over the total
donor surface area. Moreover, to assess the newly formed
epithelium we took a skin biopsy with a 4mm disposable
biopsy punch (Miltex

1

, Integra LifeSciences Corportation, NJ,
USA). Tissue samples were fixed by using formalin at 10% in
order to obtain paraffin blocks. Afterwards, histological cuts of
4mm of thickness were obtained by using a micrometer
(RM2245, Leica, Wetzlar, Germany). Tissue samples were
stained with hematoxylin and eosin (H&E) to assess the re-
epithelization of the wound, the presence and amount of blood
vessels, the presence of collagen, elastic fibers, hypo/hyper-
granulosis and hyperkeratosis. Measurements of the newly

formed epithelium were made by taking high resolutions
digital images using a light field microscope Nikon Eclipse 50i

1

(Nikon Instruments Inc., Melville, NY, USA) and an image
analysis system software Digital Sight DDS-2Mu

1

(Nikon
Instruments Inc., Melville, NY, USA). The personnel who
performed these analyses were blinded to treatment alloca-
tion as well.

2.5. Pain assessment and adverse events

Pain was also assessed because Kitoscell
1

has been reported to
be uncomfortable when applied on open wounds. Pain was
evaluated with a visual analog scale because it is a widely used
tool that has been previously employed for similar studies [12–
14]. The results were collected and analyzed. Adverse events
related to the administration of pirfenidone were investigated.
These evaluations encompassed clinical assessments of the
wound for possible skin reaction (e.g. phototoxicity, photo-
sensitivity, or skin rash). Also, hepatic and renal function were
measured weekly to asses any possible side effect.

2.6. Statistical analysis

We used frequencies with percentages for categorical varia-
bles and central tendency measures to report numerical
variables. We used the Chi’s square test to compare categorical
variables and Student’s T test for numerical variables. We took
a p value <.05 as statistically significant. We used SPSS version
22 (IBM Corp

1

, Armonk, NY, USA) for all statistical analyses
and Microsoft Excel 2016 (Microsoft

1

, Redmont, WA, USA) to
create box plots and histograms.

3. Results

The recruitment period was between 2013 to 2015. Of the initial
39 eligible participants 11 were excluded and a total of 28

Assessed for Eligibility (n=39) 

Excluded (n=11) 

• Not meeting inclusion criteria (n=4) 
• Declined to participate (n=5) 
• Other reasons (n=2)

Randomized (n=28) 

Experimental Group (n=19) Control Group (n=9) 

Lost to Follow-Up (n=0) Lost to Follow-Up (n=4) 

• Voluntary dropout (4) 

Analyzed (n=19) 

Analyzed (n=5) 

Fig. 1 – CONSORT flow diagram.
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patients were randomized. Of the 28 randomized patients 19
were allocated in the experimental group and 9 in the control
group, during follow-up 4 patients from the control group
voluntarily dropout from the study leaving a total of 5 patients
to analyze (Fig. 1). The median age of patients in the control
group was 31.5 (5–73)years, whereas that of patients in the
treatment group was 33.5 (9–61)years (Table 1).

The mean epithelialization rate for the control group was
75.10�60m at day 10, and for the pirfenidone group was at day
7,98.21�6m and 108�22 at day 10. These differences were
statistically significant (p=0.03 at day 7 vs. control and p=0.01
at day 10 vs. control; Figs. 2–4). The application of pirfenidone
was moderately painful during the first few days, after which it
was better tolerated (Fig. 5). Reported parameters of biopsies
were epidermal thickness, granulosis, and the presence of
collagen and elastic fibers. The treatment group had a mean
epidermal thickness of 108�28mm at day 10, compared with
75.10�60mm in patients treated with fine mesh gauze (Fig. 6).

An epithelial layer was present in all biopsies, confirming
that the areas deemed as “epithelialized” were indeed covered
with epithelium. All samples in the treatment group (n=16)
demonstrated a normal granular layer, which is in contrast to
the control group (n=12) in which all samples demonstrated
hypogranulosis (Fig. 6). Moreover, none of the patients in the
pirfenidone group developed any side effect at the wound site.
Also, there were no hepatic or renal alterations throughout the
study.

4. Discussion

Wounds produced in STSG donor sites may be severe and are
often similar to superficial second-degree burns. Thus,
considering the possible complications that can be caused
by these wounds, these should be treated to obtain an optimal
recovery [15]. It has been previously described that the ideal
therapy involves using occlusive dressings because of their
superiority in terms of pain relief and epithelialization times
[16]. Wiechula has concluded that in the treatment of STSG
donor sites, moist dressings achieve better results than dry

dressings in terms of healing times, pain mitigation, and
infection rates [17].

Currently, multiple types of dressings with unique advan-
tages and disadvantages are available. Studies evaluating
these dressings have generally assessed parameters such as
epithelialization time, pain, infection rate, ease of application,
and dressing costs. Although some dressings are more
efficient in reducing pain and accelerating epithelialization,
costs can be a limiting factor that restricts their widespread
use [18].

Among the multiple existing dressings that are used to treat
donor sites, the most common is the paraffin gauze, which
have numerous benefits including ease of application, low
infection rate, and minimal cost. However, they have been
reported to be painful and have relatively slow epithelializa-
tion times [15].

Previous studies comparing the use of other dressings with
fine mesh gauzes to evaluate epithelialization times are often
unreliable because of multiple variables and factors that are not
always reported. Impregnated fine mesh gauzes have been
shownto offer some advantages, such as theease ofuseand low
cost, but they have been associated with slow healing times and
great discomfort in patients [16]. One relatively new therapy for
STSG donor sites is platelet-rich plasma, which has been shown
to accelerate epithelialization and induce angiogenesis while
mitigating pain. When wound pain was assessed, this therapy
was reported to be more effective when applied with fragmin
and protamine [19,20]. A study conducted in Turkey compared
high-valve water vapor transmission rate polyurethane film
dressings (Omiderm

1

, Omicron Scientific, Rehovat, Israel) with
the standard fine mesh gauzes in the epithelialization of STSG
donor sites in diabetic patients. The results showed a mean
healing time of 13.57�4.12d in the Omiderm

1

group compared
with 18.89�5.52d in the fine mesh group. When assessing pain
with the visual analog scale, the Omiderm

1

group scored a
mean of 1.8, 1.2, and 0.7 and the fine mesh group scored a mean
of 3.1, 5.7, and 3.5 at days 1, 5, and 7, respectively [21]. Kilinc et al.
have reported a mean healing time of 16.2d in patients treated

Table 1 – Baseline characteristics of participants.

Control n=5 Pirfenidone n=19

Agea 21 (5–73) 28 (9–61)

Gender
Male 4 (75) 13 (92.8)
Female 1 (25) 1 (7.1)

Etiology
Electric 1 (20) 5 (35.7)
Flame 0 (0) 5 (35.7)
Scald 1 (20) 1 (7.1)
Friction 1 (20) 1 (7.1)
Other injuries 2 (40) 2 (14.2)

Data is presented as frequencies with percentages.
a Data is presented as median (interquartil range).

Fig. 2 – Results of the photographic evaluation in donor areas.
The epithelialization rate was improved in patients treated
with Kitoscell at day 7 and 10 (mean values of 98.74% and
99.52%) compared to control group at day 10 (88.58%), with
statistically significant results comparing both treatments at
day 10 (p<0.05). Error bars are marked in the figure, values of
0.530543 and 0.46515 for pirfenidone at day 7 and 10,
5.754087 for control group at day 10.
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with fine mesh gauzes applied in a semi-open technique [16].
Uysal et al. have compared the use of oxidized regenerated
cellulose (Surgicel, Ethicon, Ohio) against that of fine mesh
gauzes impregnated with fusidic acid [22]. The results showed a
mean epithelialization time in the semi-open groups of 6.5d for
the oxidized regenerated cellulose group compared with 9.9d
for the fusidic acid group [22].

In this study, we evaluated the efficacy of pirfenidone, a
drug that is commonly used in the treatment of idiopathic
pulmonary fibrosis because of its potent anti-inflammatory,
antifibrotic, and analgesic properties [8]. Its mechanism of
action revolves around the inhibition of pulmonary fibroblast
proliferation and alpha-SMA mRNA expression, which results
in a decreased rate of fibroblast transformation into myofi-
broblasts that have proliferative, migratory, and secretory
properties. This reduction in myofibroblast formation trans-
lates to less aberrant scarring, which is commonly seen in this
pathology [23]. Pirfenidone (Kitoscell

1

) is available in our
country as a gel for topical application and is used to prevent
and treat pathological scarring. Considering its several
modulatory properties of reducing the inflammatory response
with a subsequent mitigation of secondary edema which
further enhances a better blood supply, we hypothesized that
this gel would accelerates the epithelialization of wounds and
may also be useful in the treatment of acute wounds. These
effects may synergistically act by regulating wound healing
and collagen production [11].

Fig. 3 – Results by epithelial thickness. The epithelialization thickness was improved in patients treated with pirfenidone at day
7 and 10 (98.21�5.78m at day 7 and 108�21.67 at day 10) compared to control group at day 10 (75.10�59.35m), with statistically
significant results (p=0.03 at day 7 vs control and p=0.01 at day 10 vs control).

Fig. 4 – Epithelization at day 10. (a) Treatment group. (b)
Control group.

b u r n s x x x ( 2 0 1 8 ) x x x – x x x 5

JBUR 5597 No. of Pages 8

Please cite this article in press as: G.A. Mecott-Rivera, et al.. Burns (2018), https://doi.org/10.1016/j.burns.2018.07.007

https://doi.org/10.1016/j.burns.2018.07.007


To demonstrate that Kitoscell
1

could have a positive
impact on the epithelialization of a wound, we decided to
evaluate the acceleration of epithelialization by assessing the
percentage of epithelialized areas inside STSG’s donor sites.
Our rationale to use this model is based on the fact that these
wounds have a homogenous depth, which allowed us to
compare similar wounds between the groups. In this study, we
did not compare two donor sites in the same patient because of
the molecular weight of pirfenidone, which is 185.22184g/mol
[24]. This characteristic makes it easily absorbable; therefore, a
systemic effect may have been introduced causing a con-
founding bias in our experiment.

As shown in the results, we found that the application of
pirfenidone significantly accelerated epithelialization. The
group treated with Kitoscell

1

showed an epithelialization rate
of 98.74%�2 at day 7, whereas the control group showed a rate
of 88.58%�14 at day 10. Thus, patients treated with

pirfenidone exhibited a faster epithelialization than those in
the control group.

In the control group, we evaluated epithelialization only at
day 10 because previous studies at our institution with the
standard treatment method revealed that donor sites epithe-
lialize in a minimum of 10d; this made it ethically unjustifiable
to remove the gauzes earlier. The treatment group was
arbitrarily evaluated at day 7 initially, where an earlier
epithelialization would be clinically significant. A posterior
evaluation of both groups was performed on day 10, where we
expected to see a complete epithelialization in the donor sites.
Although Kitoscell

1

initially caused pain, around the seventh
day of application a decrease in pain was observed, it was well
tolerated and less painful with each subsequent application.

Strengths in our study encompass the use of photo-
graphical evaluations to assess the epithelialized areas in
relation to the entire wound surface. Additionally, by using

Fig. 5 – Average scores for pain obtained using the Visual Analog Scale in patient treated with pirfenidone at day 1, 4 and 7
(scores of 4.78, 1.57, and 0.28 respectively).

Fig. 6 – Skin biopsy at day 10. (a) Pirfenidone group, pathology reported chronic perivascular inflammatory infiltrate associated
with signs of epithelialization. Epidermis thickness of 9.4mm. Normal granular layer. Mild hyperkeratosis. Presence of blood
vessels in superior dermis. Presence of elastic and collagen fibers. (b) Control group, pathology reported epidermal thickness of
4.9mm, hypogranulosis, mild hyperkeratosis, presence of blood vessels in superficial dermis, perivascular swelling in superior
dermis, and presence of collagen and elastic fibers.

6 b u r n s x x x ( 2 0 1 8 ) x x x – x x x
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photographic analysis we could effectively blind the observer
in terms of treatment allocation and evaluation day. However,
by solely using these photographic and clinical evaluations
results are prone to observer dependent subjectivity that
further decrease the confidence in our results. Thus, the only
objective means to evaluate these areas would be wound
biopsy, which unfortunately is an invasive method. Another
limitation of our study is the relatively small number of
patients included which may underestimate the effects of
pirfenidone in healing time, however, despite this limitation
we obtained a statistically significant difference in the healing
time which strengthens the results of our study. Additionally,
as current recommendations for the administration of topical
pirfenidone is to cover the whole extension of the wound with
a thin layer of gel, an important limitation of our study was that
we were unable to assess the amount of pirfenidone being
used.

While it would be desirable to compare pirfenidone to other
available dressings, it was effective in accelerating the healing
time of the STSG donor site compared with our control group.
Larger, randomized, and blinded clinical trials are needed to
estimate the true effect of pirfenidone in STSG donor sites.
Also, we purposefully decided to administer pirfenidone
topically as it is readily available in our country and the
reported adverse events are fewer than the systematic
administration. Nonetheless, although it would have been
ideal to evaluate the differences in wound healing time
between orally and topical administration, this study stands
as a proof-of-concept which its observable favorable results
are aimed at warranting further studies elucidating the
effectiveness of pirfenidone systemically in wound healing.
Even so, based on our findings, the topical administration of
pirfenidone may be considered as a therapeutic use when
faster healing times are required such as donor sites in burn
patients.

5. Conclusion

Pirfenidone was effective in accelerating the epithelialization
of STSG donor sites. Future studies are required to assess the
quality of the obtained epithelium.
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