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Summary

Successful engraftment of skin grafts highly depends on the quality of the wound bed. Good quality of blood vessels near the surface is
critical to support the viability of the graft. Ischemic, irradiated scar tissue, bone and tendons will not have the sufficient blood supply. In such
situations flaps are to be resorted. However, the flaps also need to have good vascularity over the limbs. The introduction of dermal substitutes
has provided a novel method for repairing various severe skin defects. These substitutes act as dermal regenerative templates, which facilitate
dermal reconstruction and regeneration. This study was done to ascertain the effectiveness of these substitutes in the treatment of complex
wounds. Between January 2022 and June 2023, 20 patients who had complex wounds, which could not be treated with simple skin grafting and
who were treated with collagen and elastin matrix and split skin grafting (SSG) were retrospectively studied. The percentage of SSG take as per
the records was noted at a 10-day post-operative period. Patient characteristics, comorbidities, duration and outcomes of the treatment were
noted. Twenty patients were included in the study. The minimum size of the ulcer was 5 x 4cm (area of 20 cm?) and the maximum size of the
ulcer was 15 x 15¢cm (225 cm?). Average take of skin graft was 93.7% at 10" post-operative day. Recurrence at 6 months was nil. The scar quality
was assessed by patient and observer at 3 months and 6 months post-operatively. The lower-limb ulcers with compromised surrounding tissue
are complex. The major goal in these cases is to do simple surgery and prevent recurrence. The collagen and elastin matrices provide structural
support for cellular infiltration, which helps maximize a SSG take and a stable long-term scar.
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Introduction

Partial thickness skin grafting is the
most commonly performed surgical
procedure for wound coverage. There
are many advantages of this procedure,
the most important being the simple
technique. Successful engraftment of
the skin graft depends on various fac-
tors. Availability of healthy wound bed
and good vascular tissue in the vicin-
ity are critical. In situations when these
are compromised, the treatment of
simple wound becomes challenging.
These wounds are deemed to be com-
plex to treat, which is described in liter-
ature but not defined uniformly. Most

of the authors describe that these are
the wounds, which have impaired cir-
culation, either venous or arterial [1,2].
However, the pathology is multifacto-
rial and not just a vascular compromise.
In the majority of the times, plastic sur-
geons are referred to treat such wounds.
Another major challenge that the sur-
geons face after split skin graft is provid-
ing long lasting results with good func-
tional and cosmetic results [3]. Elastin
fibers play pivotal role in the ultimate
scar formation, they provide mechan-
ical elasticity and reduce wound con-
traction and promote dermal regenera-
tion [4]. The use of dermal substitutes is

thought to increase the collagen elastin
content in the wound bed. Hence, they
aid inimproving the functional as well as
cosmetic outcomes in split skin grafted
wounds. In this work we intend to study
the effect of collagen and elastin matrix
and split skin grafting (SSG) in the treat-
ment of deemed to be complex wounds.

Materials and method

Between January 2022 and Decem-
ber 2023, 20 patients who had complex
wounds (with either venous/arterial or
combined deficits) were treated with
collagen - elastin matrix along with SSG.
All the patients underwent arterial and
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Tab. 1. Demographic profile of the patients.

Serial Sex Age Site Arterial Venous Size
number (cm)
1 M 55 LL Y - 3x8
2 M 65 LL Y - 4x7
3 M 43 LL Y - 5% 4
4 M 63 LL Y - 8x6
5 F 63 LL Y - 4x7
6 M 44 LL Y - 3x8
7 M 61 LL - Y 15% 15
8 F 59 LL = Y 6 X 14
9 F 53 LL - Y 12x10
10 M 58 LL = Y 8% 6
11 M 42 LL - Y 4x10
12 M 61 LL = Y 9% 12
13 M 48 LL - Y 12x12
14 M 65 LL Y Y 3%x12
15 M 68 LL Y Y 5%6
16 F 70 LL Y Y 13x15
17 F 61 LL Y Y 7 X5
18 M 59 LL Y Y 8x9
19 M 54 LL Y Y 4x5
20 F 56 LL Y Y 6X6

Average duration for healing 17.2 days. M — male, F — female, LL — lower limb, Y - yes

Area Graft take Duration
(cm?) (days)
24 95 16
28 90 19
20 96 12
48 100 10
28 95 17
24 92 18
225 90 19
48 90 22
120 97 17
48 93 21
40 100 10
108 95 19
144 92 22
36 92 22
30 98 12
195 90 19
35 98 14
72 96 14
20 85 26
36 20 15

venous doppler studies to ascertain ar-
terial or venous insufficiency. None of
the patients underwent treatment for
arterial or venous pathology. The per-
centage of SSG take at 10™ post-oper-
ative day was noted. Patient character-
istics, comorbidities, duration of the
treatment and outcomes were noted.
The scar following was assessed using
POSAS questionnaires.

Inclusion criteria

Patients with ulcers, which warrant

skin grafting along with one of the fol-

lowing comorbidities were included in

the study:

1. patients with radiologically proven
varicosities;

2.patients with peripheral arterial
disease;

3. patients with both combined;

4, patients with exposed tendon or bone
up to 4 cm>.

Exclusion criteria
Patients who refused the use of matrix as
a treatment.

Detailed surgical procedure

On day 1 ulcers were thoroughly de-
brided and after complete hemostasis,
collagen and elastin matrix was applied.
The pressure dressing was applied. NPWT
was used in patients with varicosities for
5-7 days. Patients with arterial compro-
mise are treated with pressure dressing

only. Once the wound was healthy then
skin grafting is performed. Post-opera-
tively, the dressing was changed at 5%,
8" and 10™ day. The percentage of skin
graft take was noted at 10" post-opera-
tive day. The patients were followed up
for 6 months. The scar outcome for qual-
ity is assessed using the POSAS question-
naire 6 months post-operatively.

Results

Twenty patients were included in the
study — 13 males and 7 females, their
age ranged from 42 to 70 years. Mul-
tiple ulcers were treated in 6 patients,
14 patients with a single ulcer. Seven pa-
tients had varicose ulcer, 6 patients had
ischemic ulcers (arterial), 7 patients had
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Tab. 2. POSAS score mean and standard deviation for all patients.
Observer score

parameters mean STD dev parameter
vascularity 1.05 0.22 pain
pigmentation 1.95 0.67 itching
thickness 1.1 0.3 color
relief 1.05 0.22 stiffness
pliability 1.25 0.43 thickness
surface area 2.1 0.3 irregularity
overall 1.7 0.64 overall

Patient score
mean STD dev
1.65 0.79
1.7 0.71
1.75 0.70
1.1 03
1.2 0.4
2.4 0.49
1.85 0.65

combined arterial and venous deficien-
cies. Four patients had exposed tendon
or bone in the floor. The minimum size of
the ulcer was 5 x 4cm (20 cm?) and the
maximum size was 15 X 15cm (225 cm?).
The average take of the skin graft was
93.7% at 10" post-operative day (Tab. 1).
The average duration of healing was
17.2 days. None of the patients had re-
currence of ulcer at a 6-month follow-up.
The scar quality assessed by patient and
observer at 3 months and 6 months
post-operatively (according to the
POSAS questionnaire; Tab. 2). The mean
overall grading of the scar by the pa-
tients and the observer at 6 months was
1.85 and 1.7, respectively.

Discussion

As described by Neligan, successful en-
graftment of skin grafts highly depends
on the quality of wound bed [5].”A good
quality of blood vessels: near the surface
is critical to support graft viability” But
these ideal conditions will not be there
in some of the patients. Such patients
pose a challenge for skin grafting. Sim-
ilarly, patients with wounds, which have
tendons or bone exposed are not candi-
dates for skin grafting. They would need
a flap for wound cover. However, in con-
ditions where the local or regional tis-
sue is damaged due to irradiation, or in
avulsion injuries, this may not be pos-
sible. A simple wound with 1-2cm of
bone or tendon exposed becomes com-

plex to treat and needs more distant or
free flaps. An extra-cellular matrix plays
a pivotal role in normal wound heal-
ing. A dermal extra cellular matrix has
various structures and chemicals, which
are arranged in a specific manner [6].
These act as a guiding scaffold for the
reparative cells to in-grow and lay in
an organized manner [7]. In complex
situations like ischemia, irradiation, or
chronic ulcers, the extra cellular matrix
is often dysfunctional and hence the cel-
lular ingrowth suffers [8]. This extracellu-
lar matrix dysfunction is caused not only
by non-availability of a scaffold for tissue
regeneration but also by a lack of signal-
ing proteins [9]. These proteins are cru-
cial for intercellular communication so
that the vascular and cellular ingrowth
occurs in organized manner. Hence the
ideal matrix should not only provide
structural support but also should com-
prehend the intra cellular, biochemical
communication so that it can guide the
active skin regeneration [10].

More than 75 types of skin substitutes
are available commercially [11]. They
are classified as class I/1l/1ll by Kumar
etal. [12]. Class | and class Il epider-
mal substitutes are disadvantageous as
they are fragile and lack mechanical sta-
bility [13,14]. Dermal replacement sub-
stitutes provide a more durable scaf-
fold [12]. All these substitutes claim to
form neo-dermis at various intervals. Al-
though all of them perform the same

function, there are various histopatho-
logical differences during the healing
process. These matrices have a varied
composition collagen only matrix, col-
lagen-elastin matrix, cross-linked col-
lagen matrix and human acellular der-
mal wound matrix, to mention some of
them.

Bio-engineered dermal substitutes
vary in chemical composition as well as
structure. In our study we used single
layer collagen — an elastin hydrolysate
matrix. The collagen in these matri-
ces was in a non-cross-linked state. This
has several advantages as compared to
cross-linked matrices or a cellular dermal
matrix. Chemical cross-linking of the col-
lagen fibers is resistant to easy degrada-
tion, whereas the non-cross-linked scaf-
folds tend to lose the thickness soon and
allow vascular ingrowth. The angiogene-
sis occurs with increased vascular lumen
and reduced vessel density. As described
in literature, non-cross-linked substi-
tutes are better compared to crosslinked
ones for cellular infiltration and vascu-
lar ingrowth, which in turn helps the SSG
uptake [15]. Other bio-engineered der-
mal substitutes are all cross-linked colla-
gens with chitosan, glycosaminoglycans.
This cross-linking delays the breakdown
of the matrices and hence plays a major
role when the durability of the matrix
is concerned [16]. As compared to bio-
engineered scaffolds, human acellular
dermal matrices (HADM) are biological
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Fig. 1. A 40-year-old male with varicose ulcer treated with matrix and SSG had a 100% take at 10* post-operative day
and a good scar outcome at 6 months post-operatively.

Fig. 2. A 61year-old female with DVT, varicosities and APLA vasculitis treated
with matrix and SSG had scar which had near-to-normal skin features.

materials which also provide the scaf-
fold for vascular ingrowth. However, the
vascular ingrowth was less compared
to the bio-engineered matrix in animal
studies [17,18]. The presence of a base-
ment membrane was found to hin-
der the cellular infiltration and also the
HADM with a basement membrane was
prone to immune response [19]. Since
the vascular ingrowth is lower, the SSG
uptake is also affected. After this exten-
sive literature search, we decided to use
these substitutes, which are non-cross-

linked collagen along with elastin ma-
trix. Since the presence of elastin helps
in the final scar outcome, this combina-
tion was ideal to use for the treatment of
complex ulcers.

As per the study by Urciuolo etal. [20],
the combination of non-cross-linked
dermal substitute and SSG had the
skin graft take rate at 100%. Similarly,
a study by Min etal. had a graft uptake
of 96.7% [21]. Nevertheless, in another
study by Thyung Min Haln etal. [22], the
take was 90% with acellular dermal ma-

trix. In our study, the ulcer size varied
from 20 to 225 cm? and the graft take
rate was 93% (Fig. 1-3). Among these
studies the acellular dermal matrix study
showed a lower SSG uptake. Although in
our study the take was 93% in average,
the ulcers completely healed after regu-
lar dressing. None of the patient needed
regrafting surgery to heal the wound
and none of our patients had recurrence
of the ulcer either, which is a known char-
acteristics in venous or arterial ulcers.
Almost all the patients scored the SSG
as near to normal skin after 6 months.
These dermal substitutes play a crucial
role in the stability of SSG and even ul-
timate SSG maturation scar formation.
The presence of elastin would increase
the elasticity as well as the resilience of
the skin [23]. The resultant scar quality
after SSG was hence better when used
along with these dermal substitutes, es-
pecially the one with collagen-elastin
combination [24]. In a histological study,
usage of elastin scaffold showed that the
elastin content was present more in pa-
tients treated with SSG alone or scars
of secondary intention [25]. But it was
a half of the normal skin or FTSG, which
indicates that even after these matrices
or SSG the normal elasticity of the skin
could not be achieved. Lempert etal.
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Fig. 3. A 63-year-old female with monophasic arterial flow suffered a distal third leg open type 3B fracture, both bones
underwent cross-leg flap, which necrosed leaving a 7 x 4 cm ulcer with exposed tibia. The patient was treated with
a matrix and SSG.

used these collagen-elastin matrices as
one stage or two stage procedure along
with SSG.They concluded that the result-
ant skin was highly stable and had elas-
ticity for the soft tissue coverage [26].
Many other studies by Min etal. [22] and
Ryssel etal. [27] opined that the result-
ant scar after the use of collagen-elastin
matrix had less propensity to hypertro-
phy or keloid formation. Watfa etal. con-
cluded in their study that these matrices
are known to increase the elasticity of
SSG, making it a nearly normal skin [28].

The POSAS scale is used for the scar as-
sessment. We adapted the same for the
SSG and resultant scar. Patients scored
parameters such as pain, itching, color,
stiffness and thickness as near to normal
and scored irregularity at a higher score
but all were satisfied with the result and
scored overall end result as near to nor-
mal. Twenty patients mean overall score
was 1.85. The observer mean overall
score was 1.7. The observer also scored
pigmentation and the surface area as
deviated from the normal skin. But both
observer and the patients scored as near
to normal skin at 6 months post-op-
eratively. In the present study it is ob-
served that SSG used along with colla-
gen/elastin matrix in complex wounds
increase the uptake percentage of the
SSG. Also, the final scar at post-operative

6 months had good elasticity. Hence, the
use of the matrix and SSG is beneficial
but larger number studies would be re-
quired to authenticate the results.

Conclusion

The treatment of ulcers associated with
impaired circulation is a challenge. Sim-
ilarly, the ulcers with compromised sur-
rounding tissue are complex as well. The
major goal in these cases is to do a simple
surgery and prevent recurrence. The col-
lagen and elastin matrices provide struc-
tural support for vascular ingrowth in in-
itial phases. The uniform angiogenesis
occurring after the application of matrices
helps to maximize the SSG take. Addition-
ally, the SSG scar quality following these
matrices application is highly satisfying for
the patients. However, comparison of the
patients with those treated without using
these matrices would give a better insight
into the cosmetic outcomes.
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