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INTRODUCTION

Chronic leg ulcer (CLU) is a discontinuity of the epi-
dermis and dermis in the lower limb of more than 6 weeks
duration.1 CLUs do not show any tendency to a sponta-
neous healing as underlined in many documents and guide-
lines.2-8 When CLU may be associated with risk factors

making the spontaneous healing particularly hard to get:
large size and/or long-duration, skin loss involving epider-
mis, dermis and sometimes subcutaneous tissue, ankle,
knee or hip arthritis, fibrin slough covering more than 50%
of ulcer surface, calf muscle pump impairment, obesity, ar-
terial disease.9,10 These are defined hard-to-heal CLU. In
these cases even an adequate care including an extensive
diagnostic protocol, the treatment of the underlying disease
and a correct local care (proper dressing, compression ther-
apy and physical activity) often fails to achieve the ulcer
healing. In addition it may be extremely expensive due to
endless treatment, increasing costs for frequent dressing
and bandage changes, antibiotics when infection occurs,
pain-killers, admission to hospital in case of complications.
In these circumstances, surgical debridement and skin graft-
ing are often offered as an ultimate option when the stan-
dard treatment protocol fails. An autograft is usually
performed in case of very superficial skin ulcers while skin
substitutes or skin from donors are used to rebuild the deep
layers and to allow either a spontaneous healing or a final
autograft to complete healing. Aim of this study is to report
the more recent retrospective data on the outcomes we
recorded by using surgical debridement and skin grafting
in our patients suffering from hard-to-heal CLU.

PATIENTS AND METHODS

This is a retrospective analysis in accordance with the
Ethical Principles for Medical Research Involving Human
Subjects (Helsinki-declaration).
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ABSTRACT
Some risk factors or comorbidities may make Chronic Leg Ulcers (CLU) very difficult to heal. These ulcers are usually defined re-

fractory ulcers and may require an in-hospital intensive care to increase the healing rate. Aim of this retrospective study was to assess
if our clinical routine in hospitalized patients, made up with surgical debridement followed by donor skin grafting (allografts), may
favor the ulcer healing. The records of 120 patients (55 males and 65 females; mean age 73.9±11.3 years) with ulcers greater than 100
cm2 and lasting for more than 1 year were analyzed. The median ulcer size was 165 cm2 (IQR 130-250 cm2; range 100-1000 cm2). The
median ulcer duration was 24 months (IQR 16-32 months; range 12-300 months). The ulcer pathophysiology was venous in 74 patients,
arterial in 21, mixed in 12, vasculitis in 5 and post-traumatic in 8 patients. After debridement the patients were submitted to allograft
procedures (single or multiple) up to the ulcer healing. When allograft was able to create an effective granulation tissue and reduce the
ulcer size an autograft was performed to get the ulcer closure. 109 patients healed and 11 were lost at follow-up. 65 patients healed
just with one allograft in 16 weeks (IQR 13-21 weeks). 42 patients healed with 2 procedures in 20 weeks (IQR 18-23 weeks). 31 of them
received a final autograft while 11 healed with two allografts. 2 patients with an ulcer surface of 200 cm2, both affected by CLI, healed
with 3 allografts procedures in 40 and 33 weeks, respectively. Pain and exudate amount were significantly decreased and even disap-
peared after the first allograft. Allografts alone or followed by an autograft are able to get the ulcer healing also in case of extensive
and long lasting ulcers refractory to all previous treatments.
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Case series

Within a total number of 740 patients admitted to our
hospital for hard-to-heal CLU in the last three years we
retrospectively reviewed the records of patients affected
by ulcers characterized by surface greater than 100 cm2,
skin loss involving epidermis, dermis and subcutaneous
tissue, duration longer than 1 year and showing no sign
of healing tendency. 
Inclusion criteria: patients of both sex, every age, af-

fected by leg ulcers with surface >100 cm2 and duration
> 1 year not showing healing tendency, with different
pathophysiology and comorbidity.
Exclusion criteria: leg ulcers with size <100 cm2, du-

ration < 1 year, not involving dermal and subcutaneous
layers, showing signs of healing tendency. Ulcers caused
by not surgically treatable critical limb ischemia (CLI),
due to local or general contraindication to revasculariza-
tion, were included, although CLI is one of the usual ex-
clusion criteria in randomized clinical trials.

Protocol

The diagnostic protocol of all the patients admitted to
our hospital includes family and clinical history, blood
tests, ulcer examination with ulcer size measurement and
ulcer bed inspection, swab to assess the bacterial load in
case of clinically infected wound, Doppler examination
with Ankle Brachial Pressure Index (ABPI) measurement
and Duplex examination. When Doppler and Duplex ex-
amination do not reveal any sign of vascular disease, or
in every ulcer with atypical aspect, dermatologic and
rheumatologic consultations, blood tests for rheumato-
logic disease and ulcer biopsy are performed.
The therapeutic protocol of these patients includes the

maintenance of their baseline pharmacologic treatment;
antiplatelet drugs are added in patients with arterial in-
volvement when not yet included in the routine treatment.
Intravenous prostaglandin Iloprost is administered to pa-
tients with not surgically treatable CLI during the hospi-
talization period. Antibiotics are added in patients with
clinical signs of critically colonized or clinically infected
wounds according to microbial sensitivity test. All the pa-
tients are submitted to compression therapy by inelastic
bandages exerting a strong pressure in case of venous ul-
cers, and a reduced pressure in all other cases. A bandage
exerting a very light compression pressure, just to retain
the dressing, was applied to patients with critical limb is-
chemia. In addition the patients are recommended to walk
or stay in bed to remove leg edema when requested.
Venous ablation is not performed before or simultane-

ously with the skin graft because we want to evaluate the
effectiveness of the single grafting procedure on wound
healing. Venous procedures are postponed after the wound
healing.

In the surgical theatre the ulcers are submitted to sur-
gical or Hydrosurgical debridement to completely remove
necrotic tissue, fibrin slough, bacterial overload and to
prepare the ulcer bed and the edges.11,12 After preparation,
a donor skin graft (hereafter allograft) is performed cov-
ering the whole ulcer bed and slightly exceeding the ulcer
edge. No stiches are used. The graft is covered by anti-
septic non-adherent gauze. Finally the inelastic bandage
is re-applied with the same application system as in the
pre-op period.
Patients are requested to remain in bed for two days;

a slight active mobilization is allowed in the third day.
They are usually discharged on fourth/fifth day after the
grafting procedure.
During the follow-up the patients are visited on a

weekly base until allograft remains on the ulcer bed.
Dressing and bandage are reapplied at every visit.
Further procedures are scheduled based on observed

outcomes. When the first allograft produces the rebuilding
of deep layers and a flesh granulating tissue growth with
an ulcer size roughly unchanged or slightly reduced, a new
allograft is performed. When ulcer bed improvement is as-
sociated with an ulcer surface significantly smaller com-
pared to baseline a new graft is performed. An autograft is
applied only if ulcers become smaller than 200 cm2, if con-
traindications do not exist and patients do not refuse their
own skin harvesting procedure (Figures 1 and 2). In any
other case a new allograft is applied. When the ulcer be-
comes smaller and in the epithelization phase we keep on
with moist dressings and compression therapy until we get
the ulcer healing. No further procedure is performed in case
of ulcer healing. In this case the patient is advised to keep
on compression by elastic stocking. In case of ulcer caused
by superficial vein incompetence the patients are submitted
to vein ablation to prevent recurrences.13

Figure 1. Medial (A) and lateral (B) aspect of the ulcer 
eg. Same ulcer after treatment by Versajet (C) and after allo-
graft (D).
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Primary outcome was considered the healing time (in
weeks). Secondary outcomes were considered pain level
evaluated by Visual Analogue Scale (VAS: 0 no pain; 10
very strong pain) and exudate amount reduction.
For exudate evaluation we used the Falanga score14

and, accordingly, scored the exudate amount as i) mini-
mal, ii) partially moderate or iii) uncontrolled.

Skin from donors

The donor skin can be provided by the Tissue Banks
which are in charge for skin procurement, processing and
storage according to the European and National guide-
lines.15,16 The skin grafts are procured only after a strict se-
lection of the donors who must be submitted to autopsy or
cadaveric inspection. Evaluation of any candidate for the
donation of tissues and cells includes comprehensive col-
lection of medical and social (personal, behavioral) infor-
mation (including travel history), physical examination,
serological and microbiological testing. The selection cri-
teria for deceased and living donors of tissues and cells are
specified by European and National directives.17,18 Briefly,
unknown death cause, infectious disease (hepatitis, AIDS,
syphilis), cancer, dysplastic nevus syndrome, collagen dis-
eases, active dermatitis, chemotherapy, radiotherapy, im-
munosuppressive drugs intake are exclusion criteria.
Serological screening includes testing for HIV, hepa-

titis B and C virus, syphilis, human T-lymphotrophic
virus, CMV. Microbiological tests are performed to rule
out tissues contamination for bacteria and fungi. Only mi-
crobially negative skin can be released for grafting. Donor
skin can be processed to obtain skin grafts or dermal
grafts only (de-epidermized dermis; DED) and finally
stored by means of three storage systems: cryopreserva-
tion at –80°, storage in a high concentrated glycerol solu-
tion or lyophilisation.

Glycerolized and cryopreserved skin is different mainly
regarding tissue viability. Cryopreserved tissue is viable
and can be integrated onto the wound bed. Glycerolized
skin is not viable even maintaining all the structural and
mechanical properties and represents an ideal biologic
dressing. In our patients we used cryopreserved DED.

Statistical analysis

Medians with interquartile ranges and maximal and
minimal values are given. Kruskall-Wallis test was used
to compare the healing rate in different groups of patients
depending on pathophysiology, ulcer size and duration,
number of grafting procedures. The nonparametric Spear-
man rank test was used to quantify correlations. Differ-
ences with a P<0.05 were considered statistically
significant. The graphs and the statistical evaluations were
generated by using Graph Pad Prism, version 6 software
(Graph Pad, San Diego, CA).

RESULTS

The records of 120 patients (55 males and 65 females;
mean age was 73.9±11.3 years; age range between 42-93
years) with 139 ulcers were analyzed.
The ulcer number was just one in 103 in patients, more

the one in 17 patients. In case multiple ulcers at least one
had to be greater than 100 cm2. The median ulcer size was
165 cm2 (IQR 130-250 cm2; range 100-1000 cm2). The
median ulcer duration was 24 months (IQR 16-32 months;
range 12-300 months).
The ulcer pathophysiology was: superficial vein in-

competence (SVI) in 30 patients, deep venous incompe-
tence (DVI) in 30 patients, both SVI and DVI in 14
patients, moderate arterial disease (AD) with ABPI >50
and <80 in 13 patients; critical limb ischemia (CLI) with-
out any revascularization possibility in 8 patients. Twelve
patients were affected by mixed arterial and venous dis-
ease (MD), five by vasculitis (Vas) and eight by post-trau-
matic ulcers (PT) without any vascular involvement.
Patients comorbidities: smoking habit in 17 patients, dia-
betes mellitus in 24 patients, arterial hypertension in 74
patients, hypercholesterolemia in 24 patients, sedentari-
ness in 42 patients. 20 patients had no comorbidities, 43
just 1 and 57 associated comorbidities (Table 1).
Following ulcer bed preparation and bacterial load

control all patients were submitted to an allograft due to
skin loss involving dermal and subcutaneous layers. Dur-
ing the follow-up, five patients died. One patient was am-
putated due to worsening of the leg ulcers and untreatable
pain and 5 patients were lost at follow up.
All the remaining 109 patients healed. 65 patients with

an ulcer surface of 144 cm2 (IQR 120-200 cm2) healed
just with one allograft in 16 weeks (IQR 13-21 weeks).

Figure 2.One month later same ulcer after allograft detachment
(A), after autograft (B) and after ulcer healing on medial (C) and
lateral (D) aspect of the lower leg.
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42 patients with an ulcer surface of 210 cm2 (IQR 160-
300 cm2) healed with 2 procedures in 20 weeks (IQR 18-
23 weeks). 31 of them received a final autograft while 11
healed with two allografts. 2 patients with an ulcer surface
of 210 and 190 cm2, both affected by CLI, healed with 3
allograft procedures in 40 and 33 weeks, respectively.
The healing time is related to the ulcer size and dura-

tion: the larger the ulcers size, the longer the ulcer dura-
tion the longer the healing time (Figure 3).
Pain was significantly reduced by grafting procedures

even after the first allograft from 7 (IQR 4-8; range 1-10)
to 0 (IQR 0-2; range 0-6) (P<0.0001). Some difference in
pain was reported according to pathophysiology. Venous
and post-traumatic ulcers were the less painful and graft-
ing resulted in the best outcomes (pre-op VAS 5; IQR 4-
7; post-op VAS 0; IQR 0-1) compared to arterial and
vasculitic ulcers with the ulcers in CLI being the most
painful and less responsive to treatment although with
minimal residual pain (pre-op VAS 8, IQR 7-9; post-op
VAS 2, IQR 1-3).

Table 1. Demographic characteristics.

Patients (number and sex)                                                                       120 (55 m; 65 F)
Age (years)                                                                                              73.9±11.3; range 42-93 
Ulcer number                                                                                           139
Single/multiple ulcer patients                                                                  103/17 
Ulcer size (cm2)                                                                                       165 cm2 (IQR 130-250; range 100-1000)
Ulcer duration (months)                                                                          24 (IQR 16-32; range 12-300)
Superficial venous insufficiency (SVI)                                                   30 patients
Deep venous incompetence (DVI)                                                          30 patients
SVI + DVI                                                                                               14 patients
Arterial disease                                                                                        13 patients
Critical limb ischemia (CLI)                                                                   8 patients
Mixed ulcers (arterial + venous disease)                                                 12 patients
Vasculitis                                                                                                 5 patients
Trauma                                                                                                    8 patients
Comorbidities yes/no                                                                              80/20 patients
Lost at follow-up/complete treatment                                                     11/109 patients

Figure 3. A) Healing time correlates with ulcer size and B) with ulcer duration: the larger the ulcer or the longer the duration, the longer
the healing time.
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Exudate amount was effectively reduced by allografts
from a pre-op value of 3 (IQR 2-3) to a post grafting value
of 1 (IQR 1-1) (P<=.0001).

DISCUSSION

Autologous skin graft is considered the gold standard
surgical therapy for skin repair but in full thickness skin ul-
cers the reconstruction dermal layer is necessary to rebuild
structure and cell function of human skin. Skin substitutes
are very effective achieving these targets.18,19 In particular
DED, due to its delayed absorption (more than 4 weeks),20
after taking acts as a scaffold which is infiltrated by host
cells,21 mainly fibroblasts and capillaries22 so promoting the
reconstruction of a functional dermis.23 The different steps
of the allograft take and its replacement by granulation tis-
sue at four weeks, which mediated the adhesion of the
grafts to the underlying tissue, has been histologically
shown.22 After granulation tissue formation allografts pro-
vide an appropriate matrix for the epithelial relining and
for the growth of granulation tissue.22 In addition cryopre-
served DED may release cytokines and growth factors due
to their harvesting viable cells which may play an important
role in restoring the impaired healing.24,25
Finally allograft does not leave any donor genetic ma-

terial on the treated site.26
The effectiveness of donor skin grafting has been ex-

tensively proved since World War II in burn patients often
affected by full thickness tissue loss and with poor chance
for autologous skin harvesting.27-35
More recently donor skin has been used in different in-

dications including non-healing leg ulcers, diabetic foot and
ulcers with a dermatologic pathophysiology36-49 even with
exposed muscle, tendon, and bone.50 Also in these indica-
tions allografts proved to be effective in getting both the
ulcer healing and a better scar quality and skin function.51-54
In our department we have been performing allografts

for hard-to-heal leg ulcers with different pathophysiology
for many years but this study reports only the most recent
refractory ulcers as defined by extensive surface and long
duration, two of the most important risk factors for de-
layed healing.9,10
109 out of 120 patients (90.8%) healed proving that,

even treating ulcers by sharp debridement and skin graft-
ing, the healing time is still directly correlated with ulcer
size, ulcer pathophysiology and ulcer duration. The ma-
jority of patients healed with one grafting procedure while
forty-four patients received two grafts, which makes the
treatment cost-effective specially considering the treated
ulcers which were really refractory to heal.
Finally allografts are effective in reducing pain and

exudate amount. Even if we didn’t perform a specific
Quality of Life analysis it is easy to understand that a sig-
nificant reduction of pain and exudate (and, as a conse-

quence, of smell), as reported in our case series, allowed
an amazing improvement of quality of life of patients who
could increase their daily activities and their participation
in the social life.
Weak points of this report is the retrospective modality

and the lack of control group. Nevertheless we wanted
just to report our past experience with this treatment tech-
nique and offer a snapshot of what happens in the real life.
In addition, when we started this treatment protocol, our
intention was not to plan a prospective controlled trial be-
cause it is very difficult to identify a control group with a
standard treatment in this kind of patients who were pre-
viously already submitted to many treatments for very
long time without any success.

CONCLUSIONS

Allografts are extremely effective in favoring the ulcer
healing also in case of extensive ulcers caused by different
pathophysiology including arterial ulcer even in critical
limb ischemia. They are effective in rebuilding deep layer
loss, improving the ulcer bed even getting the ulcer heal-
ing or allowing new therapeutical procedures. The small-
est the ulcer the higher the healing rate and the lowest the
number of requested procedures. Skin ulcers in non-sur-
gically treatable critical limb ischemia may heal but it is
necessary take into account that the cumulative leg am-
putation and death rate is high (62.5%). As soon as the
deep layers have been reconstructed and only the epider-
mal layer is missing an autograft may speed up the healing
process. Finally allografts are extremely effective in de-
creasing pain level and exudate amount so significantly
improving patient’s quality of live. 
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