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ABSTRACT

Background: Split thickness skin graft (STSG) remains
the most common surgical technique to cover skin defects.
However, the healing of its donor area is of paramount impor-
tance. Multiple local drugs are frequently used to enhance its
epithelialization. Systemic Insulin was proved to be beneficial
for chronic wound healing such as pressure sores and diabetic
ulcers. But the impact of local insulin injection was scarcely
studied before as regard wound healing.

Objectives: This study aimed to evaluate the effect of
intradermal insulin injection on the donor of harvested split
thickness skin graft (STSG).

Patients and Methods: In this study, 40 patients; 18 males
and 22 females with skin loss planned to be covered by STSG
were selected. Pregnant, lactating, pre-diabetics and diabetic
patients were excluded. The dimensions of the raw area ranged
from 5-10cm for maximum height and width. The thigh was
used as a donor area and divided by a horizontal line into test
(upper proximal half) and control (lower distal half) areas.
Then, a 10 IU of long-acting insulin (Lantus ®) was intra-
dermally injected in the test area. Random blood sugar was
measured 6 hours postoperatively. The rate of epithelialization
on days 14 and 21 was analyzed by a special software (Image
J®) and the scar quality was also evaluated by Vancouver
scar scale (VSS).

Results: For the test area, the rate of epithelialization was
significantly faster on days 14 and 21 as compared with the
control area. But there was no statistical difference between
both areas regarding the scar quality when using Vancouver
scar scale.

Conclusion: Intradermal injection of insulin in donor sites
of split thickness skin graft accelerates its healing which
allows early re-harvesting of grafts from same donor sites.
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INTRODUCTION

The split thickness skin graft (STSG) remains
the golden standard to manage most of skin defects
which occur secondary to trauma, tumors, burns,
or even after surgical excisions [1].

Hence, the rapid and complete healing of its
donor areas is of highest priority allowing multiple
sessions of grafting from same donor site as in
major burns The main healing mechanism is the
re-epithelialization from the remaining dermal
appendages and hair follicles. This is completed
mainly within 2-3 weeks depending on many factors
such as patient's general condition and local con-
ditions; donor wound location, depth, and bacterial
contamination [2].

Multiple local drugs were used to enhance
donor area healing such as platelet-rich plasma
(PRP) [3] and heparin [4]. On the other hand, sys-
temic application of insulin- as an anabolic hor-
mone-has a positive effect on all phases of wounds
healing. It reduces the reactive oxygen species
(ROS), M2 macrophages and IL-10 levels, thus,
decreasing their injurious effects on DNA, proteins,
and lipids during the inflammatory phase [5].

Furthermore, Insulin and its derivatives as
insulin like growth factor-1 stimulate proliferation
of the keratinocytes at the donor site, and increase
the production of transforming growth factor beta
(TGF-β), which in turn accelerates the migration
of the epithelial cells to the injected area of split
thickness skin graft donor site [6]. Moreover, this
effect is mediated through the PI3K-Akt-Rac1
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pathway throughout insulin dependent receptors,
insulin enforces the extracellular matrix and colla-
gen synthesis by increasing the proliferation, growth
and maturation of myofibroblasts with neovascu-
larization during the proliferative phase [7].

During the maturation phase, it activates mi-
togen protein kinase signal transduction, enforces
extracellular matrix, and stimulates development
of fibroblasts and collagen remodeling [8].

Despite these advantages, systemic insulin has
crucial disadvantages. It induces systemic hypogly-
cemia, hypoaminoacedmia and hypokalemia [5].
So, local insulin injection was safely tried experi-
mentally on rabbits [9] and on limited number of
humans [10].

PATIENTS AND METHODS

A total number of 40 patients: 22 (55.0%)
females and 18 (45.0%) males were included. Their
ages ranged from 18 and 40 years with mean of
31.08 years. Diabetics, prediabetics, pregnant and
lactating females were excluded. The local wound
was assessed regarding the etiology, dimensions,
site and depth. Wounds that were eligible for cov-
erage by split thickness skin graft are included and
wounds that necessitate dressing only, flap or
heavily infected were excluded. All included
wounds were photographed and documented.
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Different etiologies of the acute wounds were
included with 33 patients (82.5%) secondary to
minor burn not exceeding 5% of total body surface
area to avoid the systemic and local burn effects,
4 patients (10.0%) were post traumatic and 3 (7.5%)
of wounds were due to surgical excisions.

Intraoperatively, the wound was re-assessed,
debrided and measured. The anterior aspect of the
thigh was sterilized and draped to be used as a
donor for the skin graft. The graft size was marked
to be 1.5-2 times the surface area of the raw area
to be covered. Before graft harvest, a horizontal
line was drawn to bisect the donor into 2 equal
halves, an upper half which is considered the test
area and a lower half for the control area. An elec-
trical dermatome (Integra® Padgett®) was used for
graft harvest with thickness adjustment to 0.010-
0.015 inch and the test area was injected intradermal
in 10 random points by 10 IU with a concentration
of 1 IU/ml of long-acting insulin (Lantus®). This
insulin dose was calculated to be the safest dose
that could be tolerated without the need of exogenous
glucose to correct hypoglycemia [8,11] (Fig. 1).

Then, the donor was dressed using a non-
adherent layer-Vaseline gauze (Bio-Tulle®)-, mul-
tiple layers of dry sterile gauze, an absorptive
wound pads and crepe bandage. The skin graft was
then applied to the recipient area with tie over
dressing (Fig. 1).

Fig. (1): 36-year-old female with post burn skin loss over right lower limb. Donor site was divided into 2 equal halves via
a horizontal line; Test area (I) and Control area (II) (A); A medium thickness STSG was harvested using an (Integra® Padgett®)
electrical dermatome (B); The test area was injected by 10 IU of long-acting insulin (Lantus ®) (C); The donor is covered by
Vaseline gauze-based material (Bio-Tulle®) (D).

(A) (B)

(C) (D)
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Six hours post insulin injection; the random
blood sugar was measured and documented. Donor
wound dressing was checked at the first day post-
operatively and after 3 days and if soaked, the
absorptive pads were changed immediately. The
first graft dressing was done on the 3rd postopera-
tive day in post-traumatic wounds and on the 5th

day in post-surgical wounds.

Patients' assessment: All donor areas were
followed up clinically till complete wound healing.
At days 14 and 21, all dressing layers over the
graft donor were meticulously removed and wound
was assessed clinically for signs of healing by two
plastic surgeons independently and photographed.
Another 10 IU of long-acting insulin (Lantus®)
was injected at the non-healed islands of test area.

After that, for objective assessment, the rate of
epithelialization and the non-healed/healed ratio
were calculated for both test and control areas by
a special Software (Image J®) using plot-profile.
A two- dimensional graph of the intensities of
pixels along a line is drawn for each control and
test areas. In this graph, the X-axis represents the
distance along the line while the Y-axis is the pixel
intensity. The highest point in this graph represents
the lightest intensity (= Area healed by epitheliza-
tion) while the lowest point represents the darkest
area (= Area not healed). (Fig. 2).

The resultant scar quality was assessed sub-
jectively using Vancouver scar scale which ad-
dresses the scar pigmentation, pliability, height
and vascularity.

Fig. (2): Software analysis of the non-healed/Total wound area ratio using (Image J®) on days 14 and 21 post-operative for
Test area (T) and control area (C), the non-healed areas are marked by yellow and surface areas were measured.
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RESULTS

This study was conducted on 40 patients with
22 females (55.0%) and 18 males (45.0%) admitted
to Plastic, Maxillofacial and Burn Department, Ain
Shams University. The patients age ranged from
18-40 years with mean of 31.08 years. Statistically,

there was no significant correlation found between
age of the patients and the rate of epithelialization.

Preoperative Random blood sugar level was of
average 125 ± SD of 26.58 and postoperatively
was of average 130.28 ± SD of 18.2. None of the
patients experienced hypoglycemia.



Regarding rate of epithelialization using (Image
J®) software, on day 14 postoperative, test area
was healed by 73.44%±0.129 of the total wound
area in contrary to the control area that healed by
57.85%±0.155 of the total wound area. On day 21
postoperative, the healing of the test area was
increased to be 78.68%±0.0732 of the total wound
area compared to control area healing which in-
creased also to be 60.61%±0.153 of the total wound
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area. Statistically, Rate of epithelialization was
significantly increased at both days 14 and 21 in
the test area than the control one with p-value =
0.010 and <0.001; respectively (Table 1).

Using Vancouver scar scale to assess the quality
of scar, there was no significant difference found
between both test and control areas with p-value
= 0.074 (Table 2).

Table (1): Comparison between control area and test area regarding rate of epithelialization at day 14 and day 21.

Day 14:
Mean ± SD
Range

Day 21:
Mean ± SD
Range

Paired t-test:
Test value
p-value

Rate of change:
Median (IQR)
Range

Epithelialization

124.63±32.63
73.6-176.44

125.18±28.74
82.91-188.72

0.094
0.925 (NS)

15.23 (–13.65-21.31)
–77.66-45.32

Control area
No.= 40

146.30±32.27
86.71-195.31

175.40±17.77
113.54-197.57

5.673
0.000 (HS)

16.47 (8.38-44.18)
–0.8-108.25

Cases area
No.= 40

–2.672º

–8.408º

–2.162≠

Test value

0.010

0.000

0.031

p-value

Significant

Highly
Significant

Significant

Significance

p-value >0.05: Non significant.    p-value <0.05: Significant.     p-value <0.01: Highly significant.
º: Independent t-test.      ≠: Mann-Whitney test.

Table (2): Vancouver scar scale for both donor and control areas.

Vascularity (0-3)
Pigmentation (0-2)
Pliability (0-5)
Height (0-3)

Total (0-13)

Scar characteristic

1 (1)
1 (0.5)
1 (1)
1 (0.5)

4 (2)

Median (IQR)

0-3
0-2
0-2
0-2

0-7

Min-Max

1.5 (1)
1 (0.75)
1.5 (1)
1 (0.5)

5 (2)

Median (IQR)

0-3
0-2
0-3
0-2

2-9

Min-Max

0.014
0.021
0.071
0.053

0.074

p-
value

IQR = Inter-quartile range.     Min = Minimum.     Max = Maximum.
p-value >0.05: Non significant.     p-value <0.05: Significant.     p-value <0.01: Highly significant.

Insulin Area Score
(n=40)

Control Area Score
(n=40)

DISCUSSION

Split thickness skin grafts remain the simplest
yet the most important surgical technique used to
manage large skin defects. Post-operative, patients
reported pain and discomfort at their donor site
more than the graft-treated area. In addition, donor
site healing may be associated with erythema,
scarring, and loss of skin elasticity which delays
the option of re-harvesting grafts from the same
site. Various preventive and therapeutic measures;
dressing materials, pressure garments, silicone gel

sheets, sprays had been used to reduce such mor-
bidity [2].

Multiple studies have shown that systemic
application insulin plays an important role in wound
healing. With its ability to restore damaged skin.
and its relatively affordable cost, experimenting
its incorporation in wound dressings was steered
[10].

 These biological effects are associated with
the phosphatidylinositol 3-kinase (PI3K) and mi-
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togen-activated protein kinase signaling [12]. Via
insulin-like growth factor-1 (IGF-1), it increases
keratinocytes migration and differentiation [13].
Moreover, it boosts collagen deposition and matu-
ration by increasing the levels of hydroxyproline,
and endothelial cells proliferation [14].

However, application of systemic insulin for
wound healing has a major drawback which is
inducing systemic hypoglycemia, associated with
hypokalemia and hypoaminoacidemia [15]. Due to
these complications, topical insulin has been ex-
perimented to fasten wound healing with minimal
systemic side effects [16].

At the Shriners Hospital, Texas, a study was
conducted on pediatric major burn patients; con-
tinuous infusion of recombinant human insulin
titrated to glucose level was applied. Results
showed marked increase in the fractional synthesis
rate of wound proteins in the early post-operative
period [17].

Martínez-Jiménez et al., [18], have proven by
sectional biopsies that, Insulin-treated donor areas
showed significant increase in the number of new
blood vessels with marked endothelial cells prolif-
eration.

This study was concerned with the effect of
intradermal insulin injection over STSG donor
sites in a reliable number of non-diabetic patients.
The current study demonstrated that intradermal
injection of insulin in donor sites of STSG accel-
erates its healing, with no reported complications
related to the use of insulin either by clinical or
laboratory findings.

In the present study, the Vancouver Scar Scale
was helpful to show that there's no significant
changes between the conventionally treated areas
and the insulin treated areas, regarding each of the
five variables: Vascularity, pigmentation, pliability,
thickness and height.

Limitations: Insulin effect couldn't be assessed
regarding postoperative rates of infection, pruritus
symptoms, and pain, as the test and the control
areas were confined to the same site in each patient.
Further studies are required with the sample size
calculated for each of these outcomes.

Conclusion:
Intradermal injection of insulin in donor sites

could have a role in its healing, with faster rate of
epithelization which allows early re-harvesting of
grafts from same donor sites. However, it does not

reduce post-operative pain nor improve the long-
term scaring.

Ethical committee approval: This work was
conducted at Plastic, Burn and Maxillofacial Sur-
gery Department, Ain Shams University. A written
informed consent was obtained from all patients.
The study was approved by the Research Ethical
Committee of Faculty of Medicine under No (FWA
000017585). All surgical steps were done by the
most senior surgeon.
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