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Background: Chronic nonhealing wounds are difficult to manage. Various sub-
stances are being used to heal these wounds. We sought to observe the effects of
autologous epidermal cell suspension dressings on chronic nonhealing ulcers.

Methods: We enrolled patients of the wound clinic at University Hospital, Varanasi,
India, with nonhealing wounds of more than 6 weeks’ duration. We treated the
wound beds with sterile dressings and antibiotics until the swab cultures became ster-
ile. We prepared autologous epidermal cell suspensions from skin grafts and used
them on the ulcer beds along with Vaseline gauze dressings. Follow-up visits with
patients occurred weekly for assessment of wound healing and other changes.

Results: Fifteen patients enrolled in our study. Of these, 6 patients had completely
healed at 12 weeks, 1 patient at 16 weeks and 2 patients at 20 weeks after treatment.
We observed a slow healing response in 6 patients, of whom 1 patient had healed
completely at 32 weeks and another at 48 weeks. One patient needed skin grafting,
and 3 patients were lost to follow-up.

Conclusion: Autologous noncultured epidermal cell suspension transplantation seems
to be an effective, simple and time-saving method to treat chronic nonhealing wounds.

Contexte : La prise en charge des plaies chroniques qui ne guérissent pas pose un
défi. Diverses substances existent pour favoriser la cicatrisation de ces plaies. Nous
avons voulu observer les effets de pansements a base de suspension de cellules épider-
miques autologues sur des ulcéres chroniques.

Meéthodes : Pour cette étude, nous avons recruté les participants parmi les patients
de la clinique de traitement des plaies de ’'Hopital universitaire de Varanasi, en Inde;
les patients choisis avaient des plaies qui persistaient depuis plus de 6 semaines. Nous
avons traité les plaies au moyen de pansements stériles et d’antibiotiques jusqu’a ce
que les cultures de spécimens soient négatives. Nous avons préparé des suspensions de
cellules épidermiques autologues a partir de greffons cutanés et les avons appliquées
sur les ulceres avec des pansements de gaze imprégnés de Vaseline. Nous avons
ensuite procédé a un suivi hebdomadaire des patients pour vérifier la cicatrisation de
leurs plaies et autres changements.

Résultats : Nous avons inscrit 15 patients a notre étude. Parmi eux, 6 ont présenté
une cicatrisation compléte a 12 semaines, 1, 2 16 semaines, et 2, a 20 semaines suivant
le traitement. Nous avons observé une cicatrisation lente chez 6 patients, dont un a
connu une guérison compléte a 32 semaines et un autre, a 48 semaines. Un patient a
dd subir une greffe de peau et 3 n’ont pu étre retracés au suivi.

Conclusion : L’inoculation d’une suspension de cellules épidermiques autologues
non cultivées semble une méthode efficace, simple et rapide de traitement des plaies
chroniques qui ne guérissent pas.

ound healing is a dynamic biologic process to restore normal

anatomy and physiology of the integumentary system and includes

overlapping phases of inflammation, proliferation and maturation.'

A prolonged and persistent proliferative phase owing to systemic and local fac-

tors may lead to chronic nonhealing wounds. Comorbid conditions such as

diabetes, leprosy and peripheral vascular disease may be associated with
chronic nonhealing wounds.?

Complete removal of necrotic tissue and its replacement with a skin graft
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change the repair process from wound healing to graft-
take.” The efficacy of various surgical procedures such as
pinch graft, split thickness graft, cultured epidermal auto-
graft and cultured keratinocyte allograft have been assessed
as treatment methods for chronic nonhealing wounds.**

Cultured epidermis has been used for grafting, but the
early methods had limited proliferation, and it was not pos-
sible to expand the epidermis in large amounts.” Cultured
keratinocytes grafted on full-thickness wounds have not
yielded satisfactory results owing to poor graft-take and
epidermal fragility.®

Allograft of cultured keratinocytes seems to act as a
potent stimulus for wound healing but does not survive
permanently on the wound bed. Multiple cytokines are
released that stimulate epithelialization from the wound
periphery and the wound bed.” A marked decrease in the
size of nonhealing wounds has been reported with the use
of cultured allogenic keratinocytes."

Epidermal cell suspension and cultured and noncultured
keratinocytes have not fulfilled the criteria for ideal skin sub-
stitute, but have generated interest owing to their effects on
wound healing. Activated keratinocytes secrete many growth
factors, which have effects on wound healing apart from
graft-take.® An experimental study using noncultured and
cultured keratinocytes in a porcine model has revealed that
wounds transplanted with keratinocyte suspension showed
accelerated re-epithelializaiton and rapid healing."

We transplated epidermal cell suspensions of autologus
keratinocytes to chronic nonhealing wounds, as cultured
epithelium has been proven to be a potent stimulus for
wound healing. The cost and time taken to prepare cul-
tured keratinocytes prompted us to use noncultured autol-
ogous epidermal cell suspension, which is prepared easily
and economically in a short time. We sought to assess the
effect of autologous epidermal cell suspension on chronic
nonhealing wounds.

METHODS

We enrolled patients of the wound clinic at University
Hospital, Varanasi, India, with nonhealing wounds of more
than 6 weeks’ duration. Our exclusion criteria were malig-
nant disease and osteomyelitis. We obtained informed con-
sent from the patients and ethical approval from the inst-
tute’s ethics committee before initiating the study.

We recorded patients” demographic and clinical charac-
teristics, including age, sex, comorbidities, size of ulcer,
duration and treatment. Patients were admitted to hospital,
and we administered proper antibiotics and wound care
until the swab culture became sterile. Healthy granulation
tissue at the base of the ulcer was required for patients to
proceed in the study.

After part preparation and maintaining an aseptic and
sterile environment, we obtained skin grafts from the
medial aspect of the thigh while the patients were under
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local anesthesia (2% lignoaine). Using a Humby knife, we
obtained thin shavings of skin (0.8 mm) with even thick-
ness, which we incubated overnight at 4°C in screw-capped
bottles containing 0.25% trypsin (Loba Chemie) and glu-
cose phosphate buffer. We dressed the donor site with
supra tullae dressing.

We rinsed the tissue graft thoroughly in normal saline
and then prepared a thin film of 0.8% sodium citrate solu-
tion in normal saline to further soak the tissue graft for
20 minutes. Using tweezers, we separated the dermis from
the epidermis. Vigorous agitation with a pipette took place
to separate the epidermal cells further after putting the sus-
pension in a glass tube.

Under aseptic and sterile conditions, we transplanted an
adequate amount of the autologous noncultured epidermal
cell suspension to the prepared ulcer bed. We used a dis-
posable syringe (Dispovan) to transplant and evenly dis-
tribute the suspension and then used a Vaseline gauze
dressing to cover the wound. We advised patients to keep
their activity levels to a minimum.

The first inspection of the wound took place after
1 week. We dressed ulcers producing slough or discharge
with antibiotic ointment. We recorded swab culture and
sensitivity. At first, patients were assessed weekly for heal-
ing, and thereafter follow-up occurred at 1 week, 4 weeks
and every subsequent 4 weeks until the ulcer healed or
48 weeks, whichever came first.

We performed our statistical analysis using SPSS ver-
sion 11.0 software (SPSS Inc.). We used Student ¢ tests and
Fisher exact tests to assess healing, and we considered
results to be significant at p < 0.05 (2-tailed).

ResuLTs
Patient characteristics
A total of 15 patients, 10 male and 5 female, ranging in

age from 10 to 70 years (mean 43, standard deviation [SD]
22.5 yr) enrolled in the study. The mean age of male

Table 1. Age and sex distribution of 15 patients with chronic

nonhealing wounds who underwent autologous epidermal
cell suspension transplantation

Sex, no. of patients*

Age, yr Male Female Total no. (%) of patients*
10-20 1 — 1)
21-30 — 2 2 (13)
31-40 2 2 4 (27)
41-50 3 — 3 (20
51-60 2 — 2 (13)
61-70 2 1 3 (20
Total 10 5 15 (100)
Mean age (SD) 48 (22.4) 37 (25.0) 43(22.5)

SD = standard deviation.
*Unless otherwise indicated.
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patients was 48 (SD 22.4) years and that of female patients
was 37 (SD 25.0) years (Table 1). Tobacco addiction was
present in 48% (6 male, 1 female) of patients. Duration of
intake of tobacco varied from 5 to 58 years with a mean of
30 (SD 16.4) years. The outcomes for all patients are sum-
marized in Figure 1.

Wound characteristics

Trauma was the most common underlying cause of non-
healing ulcers (53%) in our study, followed by diabetes
(27%), venous ulceration (13%) and leprosy (7%;
Table 2). Duration of the nonhealing wound ranged from
18 to 84 weeks (Table 3). The ulcer was on a lower limb
in 80% of patients; the upper limb was affected in 13%
and the trunk in 7%. We assessed wound size weekly by
tracing on graph paper and clinical photographs.

Wound swabs revealed bacteria in 33% of patients
(n =5), with Staphylococcus aureus in 26% (n =4) and
Pseudomonas aeruginosa in 7% (n =1). Infection was
monomicrobial in all 5 patients, and all 5 had sterile swab
cultures at the time of epidermal cell suspension transplan-
tation. We obtained swab cultures only if there was a foul
smell or discharge during follow-up. We obtained a total
of 10 swabs for culture and sensitivity: 5 at 4 weeks, 3 at
8 weeks and 2 at 12 weeks. Six patients (40%) had com-
pletely healed at 12 weeks (Appendix 1, available at
www.cma.ca/cjs). One patient (7%) improved at 16 weeks
and 2 (13%) responded at 20 weeks. The wound area in all
patients decreased by 10%—-16% at 1 week and by 30%—-62%

Total no. of patients
n=15

A 4
Autologous epidermal cell suspension transplantation

A 4
First wound inspection at 1 week

l

Outcome
Early healing Lost to follow-up
n=6 n=3
Late healing Skin grafting
n=3 n=1
A 4
Very late healing
n=2

Fig. 1. Outcomes of 15 patients who underwent autologous
epidermal cell suspension transplantation to treat chronic
nonhealing wounds.
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at 4 weeks. The decrease in area was 56%-83% at 8 weeks
and 93%-94% at 16 weeks (Table 4).

Six patients (40%) showed delayed response. The
decrease in wound area in these patients was 8%—-16% at
1 week and 14%-29% at 4 weeks. The size further
decreased by 30%—51% at 8 weeks, 40%—61% at 16 weeks
and 50%-68% at 20 weeks. Reduction in size of the ulcer
was statistically significant (p = 0.043). There was a signifi-
cant change in the size of the ulcer at 8 weeks (p = 0.008)
and at 1-12 weeks (p = 0.009) compared with baseline.

At 20 weeks, the wounds had healed completely in 9 pa-
tients, whereas the wounds were 50%—-68% healed in the
remaining 6 patients. T'wo patients achieved complete
healing by 32 weeks and 48 weeks, and 1 patient needed
skin grafting after 48 weeks. Three patients in whom heal-
ing was delayed were lost to follow-up at 24, 28 and
36 weeks, respectively.

We detected diabetes in 4 patients with delayed healing,
and we detected venous ulcers in 2 patients. In 5 patients,
tobacco addiction was associated with delayed healing. All
traumatic ulcers, the largest of which was 358.8 cm? had
completely healed by 20 weeks. The wound on the donor
site in all patients healed within 2 weeks, leaving pigmen-
tary changes. No patients had scarring at the donor site.

Discussion

Chronic nonhealing wounds pose serious problems for
patients and clinicians alike. Despite treatment, the
wounds are difficult to manage and thus have significant
negative physical, economic and social effects on pa-
tients.” Changed lifestyle is contributing tremendously to
the increasing number of nonhealing ulcers in developing
countries. Resources in these countries are not able to

Table 2. Etiology of the wounds of 15 patients who

underwent autologous epidermal cell suspension
transplantation

Sex, no. of patients
Etiology Male Female Total no. (%) of patients
Trauma 6 2 8 (563)
Diabetes 2 2 4 (27)
Venous ulcer 1 1 2 (13)
Leprosy 1 0 17

Table 3. Duration of the wounds of 15 patients before

autologous epidermal cell suspension transplantation

Sex, no. of patients
Duration of ulcer, wk Male Female Total no. (%) of patients
18-24 3 2 5 (33.3)
25-44 5 2 7 (46.7)
45-64 — — —
65-84 2 1 3 (20.0)
Total 10 5 15 (100.0)




cope with expenditures in the treatment of nonhealing
wounds. Skin substitutes, including autologous cultured
keratinonocytes, are markedly expensive.

Cutaneous wound repair is a multifaceted process
involving clot formation, cell migration and proliferation,
extracellular matrix synthesis and deposition, contraction
and finally dermal and epidermal reconstitution." Our
study was designed to assess whether epidermal cell sus-
pension was effective in epidermal re-epithelialization and
healing of chronic nonhealing wounds.

Nine of 15 patients healed completely within 20 weeks,
which constitutes a 60% success rate among our study par-
ticipants. Six patients (40%) had incomplete but greater
than 50% healing (50%-68%) by week 20. Delayed healing
(by 32 weeks and 48 weeks) occurred in 2 patients, and the
therapy failed in 1 patient (7%) who needed skin grafting.

In an earlier study,” we observed 100% healing by
16 weeks in patients whose wounds were managed with
debridement and infection control, whereas all patients in
the present study did not heal after debridement and treat-
ment of infection for more than 18 weeks. The healing of
the wounds within 20 weeks in these patients is remarkable.

A previous study" using an animal model demonstrated
the re-epithelialization capacity of noncultured keratino-
cytes that was 4 times greater in the treatment group than
in the control group, and our study design confirms the
findings of previous studies.”'""*** The stimulatory effect
on epithelialization from the wound base or periphery is
considered to be mediated by growth factors and cytokines
released from keratinocytes.”"” Although epidermal cell
suspension containing keratinocytes does not cover the
wound, it accelerates wound healing.

Most patients (60%) in our study were older than
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40 years, which is in accordance with a previous report by
Knighton and colleagues." Most of the patients (67 %) were
male, which might be explained by more frequent outdoor
activities, which predisposed them to traumatic ulcers. The
duration of nonhealing ulcers ranged from 8 to 84 weeks.

Trauma was the most common (53%) cause of the
ulcers, followed by diabetes (27%). Staphylococcus aureus was
the most common organism isolated in 4 patients (27%)
and P. aeruginosa was isolated in 1 patient (7%). Swartz and
Weinberg" reported that S. aureus and group A strepto-
coccus were the most common organisms.

We did not observe complete covering of the wound
with the epithelial sheet in any of the patients at 1 week;
ulcers healed starting from the periphery. The first inspec-
tion after 7 days showed cream-coloured and dome-shaped
kerationcyte colonies measuring about 1-3 mm (Appen-
dix 2, available at www.cjs.ca/cjs) scattered throughout the
floor of the ulcer. We observed thin epithelial sheets as the
wound area shrunk from the periphery during subsequent
follow-up. We observed complete epithelialization in
6 (40%) patients at 12 weeks, 1 patient at 16 weeks and
2 patients at 20 weeks. Healing time was directly propor-
tional to the size of the ulcer. One patient who had healed
at 20 weeks had an ulcer 358.8 cm? in size and was taking
steroids. This finding suggests that systemic corticosteroids
delay wound healing.

Limited studies are available on noncultured keratin-
ocytes grafting. Autologous epidermal cell suspension was
used for wound healing for the first time in rabbits,” and a
comparative study was performed in pigs." The pig study
concluded that there were significantly fewer keratinocyte
colonies associated with noncultured keratinocyte trans-
plantation than with cultured kerationocyte transplantation."

Table 4. Size of ulcer and healing of wounds during follow-up in 15 patients who underwent

autologous epidermal cell suspension transplantation

Duration of Follow-up; ulcer size, cm®
Patient ~ disease, wk 0 (baseline) 1wk 4 wk 8 wk 12 wk 16 wk 20 wk
1 32 31.2 26.2 12.6 5.5 Healed — —
2 18 148.6 133.6 124.0 107.6 89.7 768.0 66.6*
3 84 25.8 22.5 19.7 16.5 14.0 12.6 11.31
4 30 47.6 40.2 22.0 9.0 Healed — —
5 32 45.0 40.4 20.5 8.8 Healed — —
6 40 86.8 74.3 421 23.4 9.3 Healed —
7 80 36.0 30.2 25.5 20.2 18.4 14.0 11.5%
8 24 358.8 320.4 202.0 126.6 71.3 22.0 Healed
9 72 24.6 221 18.7 14.0 1.7 10.0 9.3t
10 42 89.0 81.2 74.4 65.0 56.0 50.3 43.9%
11 36 109.0 100.0 93.7 87.2 76.0 65.0 58.51
12 24 14.0 12.0 7.2 2.9 Healed — —
13 20 38.0 31.8 18.2 6.4 Healed — —
14 22 37.8 32.7 18.2 6.0 Healed — —
15 36 122.2 110.0 85.4 54.0 29.6 9.0 Healed
*Needed skin grafting.
tLost to follow-up.
$Delayed healing.
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Various studies using pure epidermal sheet grafting, cul-
tured keratinocyte grafting?* and engineered skin prod-
ucts have emphasized the pivotal role of keratinocytes in
wound healing.

It may be concluded that, like cultured keratinocyte
allograft, autologous noncultured epidermal cell suspen-
sion might stimulate the growth factors and extracellular
matrix proteins to help wound healing or stimulate the
migration or multiplication of acceptor keratinocytes.

This new technique of transplanting noncultured autol-
ogous epidermal cell suspension to nonhealing ulcers is a
pilot study, but it seems to be an effective and simple
method. Cost, technique, laboratory set-up and prepara-
tion time are less demanding compared with cultured ker-
atinocytes. A minimum of 3—4 weeks is required to prepare
cultured keratinocytes for grafting,” whereas epidermal
cell suspension is easily trypsinized and prepared in only
24 hours.

Although the number of patients enrolled in our study
was small and there was no comparative control data, our
results are encouraging. The healing of the chronic
wounds definitely accelerated with epidermal cell suspen-
sion transplantation.
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