
https://doi.org/10.1177/1534734619896460

The International Journal of Lower
Extremity Wounds
 1 –7
© The Author(s) 2020
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/1534734619896460
journals.sagepub.com/home/ijl

Original Article

Introduction

Recent advances in diabetic foot (DF) care have allowed 
limb salvage of complex clinical cases, including ischemic 
gangrene of significant portions of the foot, which even in the 
recent past would have been treated by major amputations.1

Mandatory in this conservative approach is the restora-
tion of adequate peripheral perfusion through revasculariza-
tion and the removal of all necrotic or nonviable tissues.2 
Minor amputations of toes, rays, or even of significant parts 
of the foot are often part of the limb salvage protocol to 
avoid major amputations. After the removal of gangrenous 
tissues, the consequent extensive tissue loss needs to be 
adequately managed.

In many cases the spared tissue is not enough to cover 
the surgical area and to allow primary intention healing; 
therefore, other solutions need to be considered.

Negative pressure therapy is already a consolidated option 
and it helps in regrowing dermal tissues, without any effect 
on epidermis.3,4 Surgical procedures may also be considered, 

including muscle or muscle-cutaneous flaps, but these are not 
always suitable.5 Additional therapeutic options come from 
regenerative medicine with the availability of dermal and 
epidermal substitutes (DESs).6 Specific experiences in DF 
care have been reported.7,8

Dermal substitutes can be applied on large and/or deep 
skin defects, allowing the coverage of exposed tendons 
and/or bones and may be the recipient of an autologous 
skin graft.9

According to our experience, it is not always possible to 
perform an autologous skin graft over a dermal substitute 
for several reasons10: some related to organization, such as 
the availability and cost of surgical facilities; some related 

896460 IJLXXX10.1177/1534734619896460The International Journal of Lower Extremity WoundsUccioli et al
research-article2020

1University of Tor Vergata, Rome, Italy

Corresponding Author:
Marco Meloni, Diabetic Foot Unit, Department of Systems Medicine, 
University of Tor Vergata, Via Al Quarto Miglio, 29, Rome 00133, Italy. 
Email: marcomeloni83@hotmail.it

Use of Nevelia Dermal-Epidermal 
Regenerative Template in the  
Management of Ischemic Diabetic  
Foot Postsurgical Wounds

Luigi Uccioli, MD1, Marco Meloni, MD, PhD1 , Valentina Izzo, MD1,  
and Laura Giurato, MD1

Abstract
The purpose of this cross-sectional study is evaluate the effectiveness of a dermal-epidermal substitute (DES) composed of 
3-dimensional porous matrix of type 1, purified, stabilized, bovin-origin collagen (Nevelia, SYMATESE, Chaponost, France) 
without a subsequent skin graft in the treatment ischemic postsurgical diabetic foot ulcers. This study group was composed 
of a sample of consecutive diabetic patients with critical limb ischemia and postsurgical wounds. All patients received a 
preset limb salvage protocol including the application of the DES, but none received a skin graft. Patients were closely 
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and death evaluated at 1 and 2 years of follow-up. Forty-one patients were included. The average postsurgical wound area 
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all of them achieved a mean ulcer size reduction >50%; 7 patients (17%) were amputees; 3 patients (7.3%) died. In a later 
follow-up (2 years), wounds in 8 additional patients healed. Successful revascularization was an independent predictor of 
healing (hazard ratio = 5.1, 95% confidence interval [CI] = 2.5-14-9; P = .0001), the postsurgical ulcer size (>50 cm2) was 
an independent predictor of nonhealing (hazard ratio = 6.2, 95% CI = 2.1-38.4; P = .0001) while recurrence of critical 
limb ischemia was an independent predictor of major amputation (odds ratio = 3.4, 95% CI = 1.1-4.5; P = .002). The DES 
composed of type 1 bovin-origin collagen is useful in the treatment of large postsurgical diabetic foot ulcers, even when 
the skin graft is not a suitable therapeutic option.
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to the characteristics of the patients, as there is an absence 
of a donor site for these very fragile DF patients, or there is 
a difficult area of the foot to cover as in the case of the cal-
caneus region; and finally some related to the patients con-
sensus due to the development of a new ulcer.

Recent evidence supports the use of 2-layer dermal sub-
stitutes as single-step treatment in promoting healing of 
full-thickness noninfected, nonischemic foot ulcers, with 
sizes ranging from 2.7 to 9.7 cm2, in diabetic patients.11,12

We report the outcomes of consecutive diabetic patients 
with critical limb ischemia (CLI), treated according to our 
limb salvage protocol, in which during the reparative time, 
a bilayer DES was applied to manage a postsurgical exten-
sive tissue loss but without the subsequent skin graft.

Patients and Methods

This cross-sectional study includes a sample of 41 diabetic 
patients consecutively followed at the Diabetic Foot Unit of 
University of Rome Tor Vergata because of a CLI and isch-
emic foot ulcers. All patients, as part of our limb salvage 
protocol, were treated by DES to improve the wound man-
agement of significant tissue loss of the foot.

The patients were recruited in the period from June 1, 
2016, to May 31, 2017, with 1 year follow-up for nonheal-
ing patients followed by another 1 year late follow-up for 
both healed and nonhealed patients.

Patients with unsalvageable foot, inability to walk, 
reduced expectancy of life, persistent reduced foot perfu-
sion after revascularization (TcPO

2
 [transcutaneous pres-

sure of oxygen] < 25 mm Hg) were excluded.
Patients’ general health was optimized. A standard elec-

trocardiogram was routinely performed. Ischemic heart dis-
ease was considered in case of previous acute coronary 
syndrome or coronary revascularization, evidence of 
angina, and significant changes on electrocardiography. In 
the case of significant coronary heart disease, cardiac revas-
cularization was performed and CLI was treated only after 
hemodynamic stabilization. Hypertension was considered 
in case of blood pressure >130/80 mm Hg or current anti-
hypertensive therapy, hypercholesterolemia in case of low-
density lipoproteins >70 mg/dL or statin therapy. Patients 
were considered smokers only in case of smoking habit at 
the time of treatment.13

All patients were treated according to our limb salvage 
protocol described in detail elsewhere. Briefly, all patients 
with CLI and a foot ulcer or gangrene were revascularized 
with an endovascular approach, according to Italian 
Guidelines.14 The initial vascular assessment was performed 
by clinical evaluation and TcPO

2
. Diagnosis of CLI was 

defined according to clinical signs (ulceration or gangrene) 
and TcPO

2
 (<30 mm Hg).15 Advanced vascular assessment 

was usually performed by Doppler ultrasound and in some 
cases by magnetic resonance or computed tomography to 

detect arterial stenosis and/or obstruction and to allow inter-
ventional radiologists to define the road map of treatment. 
Percutaneous transluminal angioplasty was indicated in the 
case of significant arterial stenosis (>50%) or complete 
obstruction. Before the procedure and for 1 month after, all 
patients were treated with acetylsalicylic acid (100 mg/die) 
and clopidogrel (75 mg/die). Later, clopidogrel was discon-
tinued. In the case of intolerance to acetylsalycylic acid or 
clopidogrel, ticlopidine was administered.14

Aggressive surgery was applied in the case of abscesses, 
compartment syndrome, extended gangrene, infected tis-
sues, and open fistulas. In the event of extended infection, 
debridement was performed immediately, even before 
revascularization, to limit the progression of infection.

According to the Guidance, in the case of infection 
broad-spectrum antibiotic therapy was immediately set up, 
followed by specific antibiotic therapy adapted by culture 
results if required.2 Offloading was always prescribed. 
Adequate postoperative shoes were prescribed during the 
acute phase according to ulcer localization and the amount 
of tissue lost.2

The surgical approach was tackled using an extensive 
and complete removal of necrotic and nonviable tissue with 
the aim to ensure an adequate wound bed for the reparative 
phase including the application of a DES.

Foot perfusion restoration after revascularization was 
evaluated by TcPO

2
, and patients were only considered suit-

able for treatment when TcPO
2
 values were >25 mm Hg.2

After hospital discharge, all patients were followed-up 
on an outpatient basis. None of the aforementioned patients 
received a skin graft, and all patients were monitored until 
secondary intention healing with monthly follow-up.

Dermal-Epidermal Substitutes

The bilayer DES used is a 3-dimensional porous matrix of 
type 1, purified, stabilized, bovin-origin collagen (Nevelia, 
SYMATESE, Chaponost, France). The collagen matrix is 
supported by a strong silicon sheet enabling firm coverage 
of the wound bed.

According to the classification by Davison-Kotler et al,16 
this DES is an acellular material, with epidermal and der-
mal properties, with both synthetic and natural origins and 
both permanent and temporary effects.

The natural component is type I collagen, the main pro-
tein component of the human body and the major compo-
nent of the extracellular matrix. It acts as a scaffold to allow 
cell migration, adhesion, multiplication, differentiation, and 
the complete integration of the dermal sheet with the wound 
bed, to support neo tissue 3-dimensional formation, with 
customized properties to shape tissue reconstruction. 
Therefore, its effect may be considered permanent.

Silicon layer is a synthetic structure composed of poly-
ester-reinforced silicon sheeting. The silicon sheet is 
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suitable for suture. It can act as an epidermal layer capable 
of protecting the wound from infection and it may guaran-
tee the best environment for healing. It has a temporary 
effect. The manufacturer’s recommended use is that it 
should remain on the covered area for 3 weeks before a 
skin graft is performed. In this case series, we did not per-
form the skin graft in all cases, but instead left the silicon 
sheet for very long periods from 8 to 12 weeks, to act as 
environmental protection for the new derma and allow 
spontaneous epidermal regeneration. On removing the 
silicon sheet, the remaining wound was managed using 
standard medication with saline wet gauzes, until final 
secondary intention healing.

Outcomes

The following outcomes were recorded: healing, nonheal-
ing after 1 year of observation, major amputation, and 
death. The first outcome achieved at follow-up was the only 
outcome considered, and the time to event was recorded, 
which referred to the day in which the dermal substitute was 
applied. Healing was considered in the case of epithelial 
viable tissue, which is complete covering of all previous 
open wounds. Nonhealing was defined as an unhealed ulcer 
after at least 1 year of follow-up with preserved ability to 
walk, without signs of infection and limb ischemia, neither 
requiring new revascularization or major amputation. Major 
amputation was defined as any amputation above the ankle.

A long-term evaluation was performed after 1 year in 
healed and nonhealed patients.

The quality of the new tissue was evaluated using the 
Manchester Scar Score.17

Informed Consent

Each patient provided informed written consent for every 
surgical procedure.

Statistical Analysis

Statistical analysis was performed by SAS (JMP12; SAS 
Institute, Cary, NC) for personal computer. Data are 
expressed as means ± SEM (standard error of mean). 
Univariable logistic analysis was performed for all potential 
predictor variables according to the detected outcome. All 
predictors identified by univariate analysis were evaluated 
simultaneously in a multivariable regression. P < .5 was 
considered as statistically significant.

Results

Forty-one (n = 41) subjects were included. The included 
patients were mainly male (35/41, 83.1%), with a mean age 
of 64.9 ± 14.1 years, diabetes duration of 20.4 ± 13.5 

years, and a mean HbA1c of 64 ± 22 µmol/mol. Other 
patient characteristics are reported in Table 1.

The patients had foot lesions, ischemic and infected, 
belonging to class D3 of the University of Texas classifica-
tion.18 According to our limb salvage protocol, all necrotic 
tissues were removed and the following minor amputations 
were performed: amputation of toe(s) 11 cases (27%), ray 
amputation(s) 14 cases (34%), transmetatarsal amputation 7 
cases (17%), partial heel removal 5 cases (12%), and exten-
sive debridement of soft tissue related to necrotic fasciitis 4 
cases (9%).

The reasons for not having performed the skin graft are 
the following: timely availability of beds for hospitalization 
in 7 cases (17%), absence of an available donor site in 7 
cases (17%), difficult area of the foot to cover in 15 cases 
(37%), and the remaining were because of lack of consen-
sus, 12 cases (29%).

The following outcomes were achieved: 21 patients 
(51%) healed after 6.7 ± 2.3 months; 10 patients (24%) did 
not heal after a mean follow-up of 12 months, but all showed 
a mean size reduction >50%; 7 patients (17%) were ampu-
tated because a relapse of CLI after 2.1 ± 0.6 months; and 
3 patients (7.3%) died after 1.9 ± 0.3 months.

In a later follow-up, after 12 months from the recorded 
outcomes, 8 patients in the nonhealed group had already 
reached healing after 6 ± 3 months, the 2 remaining still 
unhealed. Seven patients (33% of the healed group) had a 

Table 1. Baseline Characteristics of Whole Population.

Variables Values

Age (years) 64.9 ± 14.1
Sex (male) 83.1%
Diabetes, type 2 95%
Diabetes duration (years) 20.4 ± 13.5
HbA1c (µmol/mol) 64 ± 22
Hypertension 72.5%
Dyslipidemia 75%
Ischemic heart disease 45%
Current smoking 7.3%
Dialysis 10%
Ulcer size (cm2) 71.8 ± 51.8
Infection 100%
Gangrene 75%
Heel ulcers 10%
Aortoiliac arterial disease 0%
Femoral-popliteal arterial disease 78%
Infrapopliteal arterial disease 95.1%
Below-the-ankle arterial disease 33.3%
Baseline TcPO

2
15 ± 9 mm Hg

Post-revascularization TcPO
2

44 ± 16 mm Hg
Recurrence of critical limb ischemia 17.5%

Abbreviations: HbA1c, hemoglobin A1C; TcPO
2
, transcutaneous 

pressure of oxygen.
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relapse of the ulcer; however, these ulcers were small (<2 
cm2) and healed quickly (<1 month). No amputations were 
recorded.

Quality of healed skin, evaluated using the Manchester 
Scar Scale, based on 5 parameters: color, skin texture, con-
tour, distortion, and texture gave scores between 1 (excel-
lent) and 2 (good) for all parameters (Figures 1 and 2). No 
lesion became infected before the removal of the silicon 
sheet.

The average postsurgical wound area was 71.8 ± 51.8 cm2. 
Healed patients showed a mean lesion size of 63.8 ± 14 cm2, 
not statistically different from the nonhealed patient group that 
had a lesion size of 78.8 ± 12 cm2.

At the multivariate analysis of predictive factors found at 
univariate analysis, the successful revascularization was 
independent predictor of healing (odds ratio [OR] = 5.1, 
95% confidence interval [CI] = 2.5-14.9; P = .0001), post-
surgical ulcer size (>50 cm2) was independent predictor of 
nonhealing (OR = 6.2, 95% CI = 2.1-38.4; P = .0001), and 
recurrence of CLI was an independent predictor of major 
amputation (OR = 3.4, 95% CI = 1.1-4.5; P = .002). No 
variable resulted in prediction of death (Table 2).

Discussion

According to our experience, the DES composed of type  
1 bovin-origin collagen was an option to improve the man-
agement of ischemic DF postsurgical wounds with very large 
tissue loss.

These results suggest some considerations. There has 
been a significant reduction in major amputations in dia-
betic patients due to the availability of limb salvage proto-
cols including distal revascularization.19 However, 
frequently, minor amputations have to be performed to 
avoid major amputations. Therefore, it is very common for 
these ischemic patients to have large postsurgical wounds 
that need to be managed both in the hospital and in the out-
patient setting, because of the very long recovery time. A 
surgical approach with the aim of reaching primary healing, 
although desirable, is not always feasible, and the availabil-
ity of DES has significantly increased the possibility of 
managing this kind of patient while sparing significant parts 
of the foot. However, even if the application of DES should 
be followed by the application of a skin graft, in the current 
clinical practice this solution is not always feasible.

Figure 1. Ischemic diabetic foot ulcer on the plantar region of right allux deep to the tendons managed by Nevelia after peripheral 
revascularization and surgical removal of gangrene.
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A question arises: If judging from the patient’s baseline 
it is evident that applying a skin graft, as part of the user 
protocol of the DES, is not possible, should a physician dis-
miss the use of this device to manage large wounds in isch-
emic patients?

Recent experiences have shown that DES utilized as 
therapeutic tools in treating diabetic neuropathic ulcers give 

very good results, with ulcers size from 2.7 to 9.7 cm2, sig-
nificantly smaller than the wounds treated in our experi-
ence.11,12 Our experience has shown that using the DES in 
very large postsurgical wounds, even in absence of a subse-
quent skin graft, has given very good healing rates. In addi-
tion to its clinical efficacy, its use might have, in theory, 
economic advantages such as fast hospital discharge, easy 

Figure 2. Ischemic diabetic foot ulcer localized on the left rearfoot deep to the bone managed by Nevelia after peripheral 
revascularization and surgical removal of the gangrene.

Table 2. Multivariate Analysis of Independent Predictors of Outcomes (Healing, Nonhealing, Major Amputation) Found at Univariate 
Analysis.

Variables

Healing Non-Healing Major Amputation

OR 95% CI P OR 95% CI P OR 95% CI P

Successful revascularization 5.1 2.5-14.9 .0001  
Dialysis 0.8 0.6-1.2 .6  
Heel ulcers 0.9 0.5-1.8 .3  
Ulcer size (>50 cm2) 6.2 2.1-38.4 .0001  
BTA arterial disease 0.6 0.4-1.3 .5
CLI recurrence 3.4 1.1-4.5 .002

Abbreviations: OR, odds ratio; CI, confidence interval; BTA, below-the-ankle; CLI, critical limb ischemia.
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management in an outpatient setting, and elimination of 
new additional surgical procedures for skin graft.

Concerns may arise from a very long healing time. 
Healing time is significantly longer than the healing time 
observed when the skin graft immediately follows the 
removal of the silicon layer. In this case, according to 
Clerici et al,7 the average healing time was 74.1 ± 28.9 
days with a rate of healing of approximately 90%.

However, in their study, only approximately 50% of sub-
jects were ischemic, no patients were on dialysis, no patients 
had necrotizing fasciitis, and no patients showed heel ulcers. 
In comparison, our cohort of patients was only composed of 
ischemic patients with an aggressive pattern of peripheral 
arterial disease (33% with below-the-ankle arterial disease), 
10% were dialyzed, 9% had a necrotizing fasciitis, and 12% 
had a heel involvement. These conditions, mainly the pres-
ence of CLI, the involvement of foot arteries, the concomi-
tant end-stage renal disease on dialysis, the presence of 
necrotizing fasciitis, and the involvement of the heel could 
influence the rate of healing and limb salvage as already 
reported in literature20-23 and justify the longer healing time.

Certainly, the choice to follow the standard protocol and 
to perform a skin graft after the application of a DES is the 
usual choice24,25; however, our experience also supports the 
use of this type of DES and under which conditions a skin 
graft is not be performed.

DFUs can be sources of unstable scars and increase the 
risk of recurrence.25 Nonetheless, the quality of the new 
skin, without scars, observed in our patients could signifi-
cantly reduce the risk of relapse, mainly in the loading areas.

We do not know whether it is possible to extend our 
results to other dermal-epidermal templates or if they are 
specifically related to the type 1 bovin-origin collagen we 
have used in our experience. Furthermore, it could be inter-
esting to know if this kind of DES is only capable of replac-
ing the lost tissue simply acting as a passive tridimensional 
template or it also has other biological activities capable of 
stimulating reepithelization. Further studies are required to 
clarify these points.

In addition, as highlighted in our results, as major ampu-
tations were only reported in patients who experienced a 
relapse of CLI, the possibility of healing is closely related to 
successful revascularization and restoration of adequate 
peripheral perfusion as already reported in previous stud-
ies.26 Furthermore, our experience has confirmed that heal-
ing was related to ulcer size.27 This concept reinforces the 
need for early referral to specialized DF clinics, mainly in 
the case of ischemic and infected wound and when the 
ulcers are still small and can be easily managed.20,28,29

Limitations

This study, although carried out in a tertiary level DF cen-
ter with a multidisciplinary approach, is a single-center 

study. The data reported are based on a series of consecu-
tive cases and there is no case-control factor to reinforce 
our results. There is no comparison with other dermal sub-
stitutes; however, this case series is strictly related to the 
needs of our daily clinical practice. Studies with the aim to 
evaluate the economic impact of this therapeutic approach 
could be useful.

In conclusion, our experience has shown that the appli-
cation of a DES without subsequent skin graft could ensure 
favorable outcomes in terms of ulcer management and heal-
ing when a specific limb salvage protocol is performed.
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