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Abstract
Major burn is considered the most severe type of injury, with high mortality risk and poor quality of life prognosis for 
survivors. Appropriate burn wound management may require multiple treatment modalities, with specifi c sequen-
cing particular to each patient, addressing every injured area depending on burn surface and depth, patient’s ge-
neral status and also available infrastructure and burn center resources. Early excision of burn eschar and grafting 
with autologous split-thickness skin grafts remains the universal standard of surgical burn care in acute phase. 
Ongoing research is conducted for developing new skin substitutes that meet the ethical, safety effi ciency and 
economical criteria in order to obtain adequate wound coverage when autologous skin grafts are not available. 
Each severe burned patient represents a complex case, requiring long-term multiple-stage and interdisciplinary 
treatment, adequate rehabilitation and follow-up program to obtain optimal functional results and socio-professi-
onal reinsertion.
Keywords: severe burns, acute phase, surgical treatment, skin grafts, skin substitutes

Rezumat
Arsurile majore reprezintä cel mai grav tip de traumatism, cu risc mare de deces și prognostic rezervat în ceea 
ce privește calitatea vieţii supravieţuitorilor. Abordarea terapeuticä a leziunilor postcombustionale implicä un tra-
tament multimodal, specifi c fi ecărui pacient, în funcţie de suprafaţa și profunzimea leziunilor, starea generală a 
pacientului cât și infrastructura și resursele existente în cadrul unităţii de îngrijire a pacientului ars. Excizia grefară 
precoce cu autogrefe de piele liberă despicată reprezintă standardul universal de tratament chirurgical în faza acută 
a arsurii. În prezent, continuă cercetările pentru dezvoltarea unor noi substituenţi de piele pentru acoperirea supra-
feţelor arse excizate, când autogrefele nu sunt disponibile sau starea pacientului nu permite utilizarea acestora. 
Substituenţii tegumentari trebuie să întrunească criterii etice, de siguranţă, efi cienţă cât și economice pentru a pu-
tea fi  utilizaţi pe scară largă pentru acoperirea defectelor postcombustionale. Fiecare pacient ars reprezintă un caz 
complex ce necesită tratament îndelungat, multistadial, impunând cooperare interdisciplinară. Urmărirea atentă a 
pacientului, reevaluarea periodică, efectuarea corecţiilor chirurgicale stadiale și încadrarea sa într-un program sus-
ţinut de recuperare medicală sunt elemente esenţiale pentru obţinerea unor rezultate optime funcţionale și estetice 
pentru o cât mai bună reinserţie socio-profesională.
Cuvinte cheie: arsuri majore, faza acută, tratament chirurgical, grefe de piele, substituenţi tegumentari
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Figure 1.

INTRODUCTION
Major burn represents the most severe type of trau-
ma, requiring high standard of treatment into regional 
specialized bun care centers1. According to American 
Burn Association (ABA), a major burn, which requires 
hospitalization in burn units, is represented by at least 
one of the following situations2,3:
 Partial thickness burn more than 10% body sur-

face, in patients under 10 or over 50 years of age;
 Partial thickness burn more than 20% body sur-

face in adults;
 Full thickness burn more than 5% body surface 

in any age group;
 Burns of any thickness on face, hands, feet, peri-

neum, genitalia and major joints;
 Electrical or chemical burns;
 Inhalation injury;
 Associated trauma, pre-existing medical disea-

ses, other acute illnesses, pregnancy, immuno-
suppression of any cause, other defi ciencies;

 Suspicion of non-accidental burn (abuse, ne-
glect) in children and people with disabilities;

 Associated psychosocial risk (suicidal attempt, a 
child in diffi  culty, psychiatric pathology, lack of 
family co-operation in the therapeutic process).

Th e pathophysiological evolution of severe burns has 
three stages4-8:

1. Th e initial phase of acute trauma corresponds to the 
fi rst 48-72 hours, when the post-combustional shock is 
installed. During this time, there is an important risk of 
hydro-electrolyte, metabolic imbalances and systemic 
complications, which may become fatal. During the 
initial period it is very important the quality and accu-
racy of general treatment (especially resuscitation per-
formed within the fi rst 24 hours) and local treatment, 
because the vital prognosis of the patient depends on 

it. Th e most frequent formula used is Parkland formula 
using 4 ml crystalloid solutions x kg x burn surface for 
the fi rst 24 hours, from which half in the fi rst 8 hours 
and the other half in the next 16 hours. Th is formula 
should be taken as a guideline and adapted as needed 
to the hemodynamic parameters.

2. Th e acute phase, after the fi rst 72 hours, until spon-
taneous epithelization of superfi cial lesions and defi ni-
tive skin coverage of profound lesions, which are early 
excised and grafted, this has been a standard care for 
decades; surgical treatment, prevention and control 
of systemic complications, prevention and control of 
infections, nutritional, metabolic and immunological 
support, monitoring the patient are essential therape-
utic elements. Th e extensive moderate and major burn 
patient is an emergency patient, until defi nitive skin 
coverage and biological settle.

3. Th e rehabilitation phase.

SURGICAL TREATMENT

Importance of early excision and grafting
Since 1970s, based on the studies performed by slo-
venian plastic surgeon Zora Janzekovic, early surgical 
excision and grafting of deep burn wounds is consi-
dered mandatory, reducing blood loss, infectious risk, 
duration of hospitalization and mortality9-12.

Surgical protocols regarding burn wound manage-
ment were refi ned over the years having in mind this 
essential principle of early excision and grafting.

We present a schematic surgical approach in the ini-
tial and acute phases of the burn treatment that ensures 
good long-term results in terms of survival and functi-
onal recovery (Figure 1):
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Clinical evaluation and management of burn 
wounds in the fi rst 48 hours

After the burned patient is admitted in the burn unit, 
the wounds are cleaned with soap and sterile water, de-
bris are removed and an initial extent and depth of the 
burn is established (Table 1).

Regarding local tissue response to burn aggressi-
on, Jackson described in 1947 three zones of a burn 
wound14:
 Zone of Coagulation: Area that suff ers the most 

damage, with thrombosed blood vessels
 Zone of Stasis: Area surrounding zone of coagu-

lation characterized by vasoconstriction; at fi rst 
viable, but it may convert to non-viable tissue 
(coagulation area). 

 Zone of Hyperemia: Peripheral area around the 
burn wound characterized by increased blood 
fl ow. 

We can visualize below this specifi c zones in one of 
our patients together with a schematic representation 
of possibility of burn lesion evolution (Figure 2).

Figure 3 illustrates a patient suff ering extensive se-
cond and third degree burns, evaluated carefully in the 

operating room after the initial cleaning of wounds at 
time of his admission.

Th e patient is transported to the operating room 
where, under general anesthesia/sedation, the surgical 
team performs:
 Burn wound cleaning using non-irritating anti-

septic solutions (chlorhexidine in physiological 
saline solution, povidone-iodine, saline soluti-
on).

 Debridement of the broken and large blisters, 
the small ones can be left in place and emptied 
with small sterile needles.

 In the case of circumferential lesions, constrictive 
in the limbs, cervical, thoracic and abdominal re-
gion or if the tissue edema that develops during 
the acute phase of burn resuscitation, in the fi rst 
48 hours after injury, it is necessary to practi-
ce decompression incisions (escharotomies) as 
follows: the limb is incised at the medial-late-
ral lines, starting from the proximal to the dis-
tal at the level of the burned areas; thoracic wall 
incised at the level of the anterior axillary line 
starting from the clavicle to the marginal edge; 
abdominal wall – a transverse incision is requi-

Figure 2. Modifi ed after14 under Copyright © 2004, BMJ Publishing Group Ltd.

Table 1.5,6,13

Burn wound depth Burn wound grade Clinical evaluation Layers of skin involved Days until complete 
healing

Superfi cial I Erythematous, painful Epidermis 3-4 days
Partial thickness II A Serous blisters, painful Epidermis and reticular layer of 

dermis
2-3 weeks

Deep partial thickness II B White eschar, hemorrhagic 
blisters, pink and white spots, 
less painful

Deeper than the reticular layer 
of dermis, but not the entire 
dermis

3-8 weeks

Full thickness III Black or white dry eschar, 
painless

Entire dermis and subcutaneo-
us tissue

Needs surgical treatment
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amputation. Th e need of limb amputation is demanded 
in two cases: compartment syndrome with ischemia 
and a carbonized limb (as we can see in Figure 6)17.
 After abundant lavage with warm sterile anti-

septic and saline solution and adequate hemo-
stasis, a sterile, rich, absorbent, non-constricting 
dressing is performed and the patient is transfer-
red to an individual hospital intensive care room.

In the acute phase, correct positioning of the burn 
patient is very important in order to protect the 
wounds, reduce edema and the contraction forces in 
the wound, preventing scar contractions. Th e posturing 
includes: neck in moderate extension, without rotati-
on, the abduction of the shoulders at 90 degrees, the 
trunk is straight without rotation, elbow in extension 
and supination, hand in slight extension of the radio-
carpal joint, easy fl exing of the MP joint, extension of 
PIP joint and DIP joint, abduction of the thumb, hip 
joint extension, abduction of 20 degrees, without rota-
tion, full extension knee, neutral feet position (without 
plantar fl exion)18.

Burn severity assessment
After adequate fl uid resuscitation and support of vi-
tal functions, the reevaluation of burn wound depth is 
required for decision regarding further surgical treat-
ment, adapted to the severity of the injury and patient 
general status.

red to connect the escharotomies from the ante-
rior axillary line. Circumferential deep burns in 
the abdomen aff ects blood supply to the bowels, 
kidneys and other internal organs that results in 
hepatic and renal failure, intestinal ischemia, and 
restriction of diaphragmatic moves; if constric-
ting the chest worsens pulmonary compliance 
associated with inhalation injury).

Th e escharotomies release the constricting tissue 
allowing the body tissues and organs to maintain their 
normal perfusion and function. Escharotomies relea-
se the constriction caused by burn eschar but do not 
remove the eschar. Th e burn eschar is removed by ex-
cision when the patient is stabile enough, after fl uid 
resuscitation, to support a more extensive surgical in-

tervention15,16.
 If the escharotomy does not restore the blood 

fl ow to the limb or we are in the situation of a 
compartment syndrome, fasciotomy is required. 
Fasciotomies are usually required in high-volta-
ge electrocution burns and limb trauma16.

A compartment syndrome of the limbs causes per-
manent functional impairment or even the need for 

Figure 3.

Figure 4. Escharotomy in the thigh. Figure 6.

Figure 5. Fasciotomy of the right forearm and carpal tunnel decom-
pression.
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Laser Doppler imaging is a non-invasive, painless 
and easily performed method for burn depth evalua-
tion, prevents unnecessary surgery, but is superior to 
visual-clinical assessment only 48 h after a burn in-
jury22,23.

Reminding pathophysiology of the burn wound, the 
blood fl ow of the superfi cial burn is higher compared 
to normal tissue and less than the normal tissue in the 
deep burn wound. Th e microcirculation in the burn tis-
sue worsens within 12-24 h after trauma and increases 
after 48 hours23.

According to Jeng et al., if the perfusion velocity of 
the burn tissue was 150-250 PU, the burn was deep and 
these patients should undergo surgery and if perfusi-
on velocity was >250 PU the burn was superfi cial and 
these patients should undergo conservative treatment24.

Debridement of Burn Wounds
Debridement means the removal of devitalized, ne-
crotic tissues using surgical or chemical techniques. 
Our purpose is wound healing and after this maneuver 
wound surface is clean, with minimal microbial colo-
nization and necrotic tissues, which allows it to cure 
more rapidly. Complete debridement of the wound 
should be done as quickly as possible. Th e debrided 
wound is not ready to support immediate permanent 
wound cover such a surgically excised wound16.

Th e Versajet hydrosurgery system (Smith & Ne-
phew, London, UK) is a device that functions based on 
the Venturi eff ect, able to cut and aspirate debris tissue. 
It is good for the treatment of partial thickness burns, 

Th e topical treatment, the need of surgical interven-
tion or debridement applied to the burn wound depen-
ds on the depth of the burn wound19.

Clinical assessment of burn depth has to be perfor-
med by an experienced burn surgeon, in order to de-
termine which wounds are able to heal and which are 
deep and requires excision and grafting:
 Partial thickness burn (second degree burn) – 

allows surviving of dermal elements, like sweat 
glands or hair follicles, which are able to heal the 
burn wound (Figure 7).

 Full-thickness burn (third degree burn) – destroy 
all dermal elements, without healing resources 
(Figures 8 and 9);

It is important for the length of hospitalization and 
cost of treatment of burn patients an early diagnosis of 
the deep burns and a well-timed surgical treatment of 
burn wounds16.

Burn depth may be determined by some non-invasi-
ve imaging techniques like terahertz imaging, near-in-
frared spectroscopic imaging, spatial-frequency-doma-
in imaging and refl ectance-mode confocal microscopy. 
Many of these techniques have not been suffi  ciently 
studied for clinical application20,21.

Figure 9. Extensive thermal injuries that required bilateral lower 
limb amputation on the day of admission and further ischemia in 
the left forearm and hand.

Figure 7.

Figure 8.
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TBSA no more than 15%, no more than one applica-
tion is recommended, it is used in the fi rst 15 minutes 
after preparation, it must be allowed to act for 4 hours 
and it is very expensive28.

In Figure 11, a patient is illustrated before and after 
we used NexoBrid on the burned hands.

Excision of Burn Wounds
Excision is a surgical procedure meaning incision 
through the deep dermis of open wounds or burn es-
char and is typically performed on deep burns that wo-
uld not heal spontaneously. Th e goal is to remove all 
necrotic and non-viable tissue to the level of viability 
without disturbing underlying structures. Unlike de-
bridement, excision means a wound surface that is fully 
vascularized and ready for application of temporary or 
permanent skin substitute. Excision of a burn should 
be an elective procedure and done in a timely fashion, 
performed by experienced burn surgeons11.

Tangential excision means surgical removal of suc-
cessive thin layers of the eschar down to viable tissue, 
using a dermatome (Figure 12). Healthy dermis ap-
pears white and shiny, therefore if the area is dull and 
gray or if clotted blood vessels are seen, the excision 
needs to be carried deeper, until proper bleeding of 
the wound. Th e tangential excision can be made with 
a Goulian knife, for delicate areas like face and hands 
or a Watson knife or dermatomes to excise larger areas 
like trunk and limbs15,19.

Fascial excision is reserved for patients with very 
deep burns (Figure 13). It is better to perform fascial 
excision using electrocautery in order to reduce intrao-
perative blood loss.

as in the full thickness burns the sharp debridement is 
best required. Versajet hydrosurgery is used especially 
for debridement of the face, neck, lips, fi ngers, inter-
digital spaces, convex and concave areas. Th us, tissue 
excision is precise and it avoids the damage of viable 
tissue and its vascular supply9,25,26. 

 Another option is represented by the enzymatic 
debridement. Enzymatic debridement is considered to 
be a promising alternative to surgical excision and has 
been studied for half a century in order to investiga-
te the potential of various non-surgical debridement 
agents and enzymatic debridement agents for burn 
wounds. In the last years, enzymatic debridement stu-
dies have promising results.

Application is possible outside the operation room, 
these is a minimal invasive procedure, with minor blood 
loss as long as suffi  cient analgesia is ensured during this 
otherwise very painful debridement procedure27.

NexoBrid (Figure 10) is a lyophilized, partially puri-
fi ed proteolytic protein mixture with increased specifi c 
enzymatic activity derived from bromelain. It is speci-
fi c and selective in the removal of the necrotic tissue 
without harming surrounding skin. Th is is used only 
in Burn Units, in the fi rst 48 hours from the trauma, a 

Figure 10.

Figure 11.
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 Cutaneous denervation.
 If there is a relatively avascular fascia over joints, 

skin graft loss may appear and it may require 
eventual fl ap coverage9,19.

Surgery of the burn patients is a multiple-stage 
excision and grafting, in a planned sequence, fi rst in 
functionally and cosmetically areas. Th e advantages of a 
multiple-stage procedure are that the results of the fi rst 
excision can be viewed, with further excision if needed, 
meanwhile using on the wound temporary dressings, 
skin substitutes or skin replacements and also donor 
sites are given time to epithelize16.

The coverage of excised burn wounds

Skin autologous grafts
Split-thickness skin grafts from an uninjured donor 

site of the same patient are the gold standard for per-
manent burn wound closure. In order to achieve a good 
integration of the skin graft on the burn wound, it is 
important to have adequate wound bed preparation, 
suitable donor sites and a good postoperative care.

Skin grafts can be classifi ed in full-thickness and 
split-thickness grafts, depending on how much dermis 
it contains; the advantage of a thin skin graft is a good 
integration ratio in the wound bed and a rapid heal of 
the defect on the donor site, but the disadvantage is a 
great degree of contraction.

Full-thickness skin grafts can be harvested from the 
fl ank, the groin crease, the inner of the arm, the sup-
raclavicular area and the retroauricular area and can be 
used for coverage of small defects of the hand or the 
face.

Split-thickness grafts can be harvested from the 
anterolateral thigh (favorite donor site), the scalp, the 
posterior thorax, the buttocks and the abdomen. Th ese 
donor sites can be reused for three times, but only after 
healing. Th e scalp can be used as a donor site for six 
times.

Th e split-thickness autografts can be used in diff e-
rent manner5,9,13,29:
 Sheet graft: a piece of skin from an uninjured 

area, with a size of closure about the same as the 
graft taken (Figure 14). Because of the size, it is 
usually used for the face, neck and hands.

 Meshed skin graft: introduced by Tanner in 
1964; variable expansion ratios used to increase 
the coverage area; the larger the ratio, the more 
area to cover 1:1.5, 1:3, 1:4, 1:5 or 1:6. Besides 
the expansion, another advantage is the drainage 
of body fl uids and blood from wound bed.

Th e advantages of fascial excision are:
 Ensures a reliable bed for grafting. 
 Tourniquets can be used for extremities.
 Less blood loss.
 Less experience is required.

Th e disadvantages of fascial excision include:
 Longer operative time.
 Unpleasant esthetic outcome, especially in obese 

patients.
 If the excision is circumferential, there is a great 

risk of distal edema.
 Risk of damaging the superfi cial tendons and 

nerves.

Figure 12.

Figure 13.
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Temporary skin substitutes
Temporary skin coverage solutions include:
 Biologic solutions:

- Allografts (homografts) - harvested from the 
cadaveric donors and banked or from living 
donors; used fresh, cryopreserved or preserved 
in glycerol. Th e allografts are frequently used 
for temporary coverage of excised burn wounds 
in case of extensive burns. Th e fresh and the 
cryopreserved allografts are living tissues that 
will be integrated and will be vascularized; wi-
thin the next 2-4 weeks, raging on the host’s 
immunological status, they undergo rejection, 
as non-self tissue; this requires removal (pre-
ferably before rejection) and coverage with au-
tografts or permanent skin substitutes. Glyce-
rol preserved allografts are used as a biological 
dressing, both in excised burns and in partially 
excised burns, in order to reduce fl uid and pro-
tein losses. Disadvantages of using allografts 
are: rejection - can only be used as temporary 
substitutes, can be diffi  cult to obtain, requi-

Figures 15 and 16 present meshed 1:3 split-thickness 
autologous skin grafts on, in diff erent evolution mo-
ments in two of our patients.
 “Meek” skin graft: technique introduced in 1958 

by C.P Meek, with an expantion ratio of 1:9, 
using double pleated gauzes9.

Although autologous skin grafting remains the ide-
al solution for skin coverage, there are situations when 
autograftig is not possible: the defect to be covered is 
very large, like in extensive burns, the donor sites do 
not allow immediate and suffi  cient harvesting or the 
patient’s general status is not allowing the grafting.

In these cases temporary or fi nal coverage with skin 
substitutes may constitute a solution, able to save the 
patient’s life.

Skin Substitutes
An integrative classifi cation of skin substitutes is ba-

sed on three main criteria: the lastingness of the pro-
duct, the skin layers included in its composition and 
the origin of the compound (Figure 17)30, 31.

Figure 14.

Figure 15.

Figure 16.
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 Synthetic substitutes:
Th e limitations of conventional bandages used for 

burn patients, recent improvements in technology and 
a better understanding of wound healing process deter-
mined an enormous expansion in the panel of dressing 
options suitable for burns33.

Several factors are taken into account for selection 
of a particular type of product for burn dressing: total 
body surface area, depth of the burn, general conditi-
on of the patient, wound bad status, wound location, 
frequency for dressing changes, the balance drainage-
moisture retention, availability and costs8,34. 

Burn wounds lose high amounts of fl uids, so dres-
sings must absorb fl uid, while maintain an adequate in-
situ humidity (trough gas exchange and moisture re-
tention) to promote granulation and epithelialization. 
Also, the burn dressing should provide anti-microbial 
barrier, to prevent infection. An important requirement 
is represented by the mechanical properties of the dres-
sing in order to accomodate movement and enhance 
patient functional recovery8,33,34.

re costs for harvesting, testing, storage, risk of 
bacterial and viral contamination5,13.

Below we present the allograft use in some of our 
patients (Figures 18-20).

- Amniotic membranes are another temporary 
skin coverage method, used and considered as 
biological dressings. Applying amniotic mem-
branes should be preceded by tests to deter-
mine possible HIV or viral hepatitis contami-
nation. Th ey act eff ectively to stop the protein 
and electrolyte losses, but also against microbial 
invasion, remaining in place for 3-7 days (the 
need for frequent replacement and rapid di-
struction are their disadvantages)5,13,32.

- Heterografts or xenografts- skin from another 
species: porcine skin is a temporary, useful co-
ver material, easy to obtain and relatively aff or-
dable. Xenografts adhere to the wound, do not 
vascularize, undergo a rejection process, and 
have a risk of contamination, are useful only as 
a biological dressing5,13.

Figure 17.

Figure 18. After fascial excision of the burn eschar of posterior thorax, the resulting defect is covered with meshed 1:3 split-thickness skin 
cadaveric allografts.
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Major classes of dressings used for temporary cove-
rage of the wounds in burn patients are presented in 
Table 2 with some examples of representative available 
commercial products:

In Figures 21 and 22 are presented two types of 
commercial dressings used in our patients.
 Biosynthetic products:
A more complex alternative to burned wound dres-

sings is the development of synthetic and biosynthetic 

Major classes of dressings for burns Products (Company)
Alginate fi bre dressings Aquacel (ConvaTec)

Sorbsan (Mylan)
Comfeel (Coloplast)
Algosteril (Johnson&Johnson)
CarrasorbH (Carrington Laboratories), 
Kaltostat (ConvaTec)

Antimicrobial Acticoat (Smith & Nephew)
Iodosorb (Smith & Nephew)
Silverlon (Argentum)
Contreet - hydrocolloid with silver (Coloplast Corp)
Avance - foam with silver (Mölnlycke)
Aquacel Ag-fi bre dressing with silver (ConvaTec).

Collagen Puracol (Medline)
Fibracol (Johnson & Johnson) 

Hydrocolloid DuoDerm (ConvaTec), 
Granuflex (ConvaTec)

Hydrogel Dermagel (Maximilian Zenho &Co), 
SilvaSorb (Medline), 
Skintegrity (Medline)
IntraSite (Smith&Nephew)
Solugel (Acelity), 
Nu-gel (Johnson & Johnson).

Polyurethane fi lm and foam dressings OpSite (Smith & Nephew) 
Tegaderm (3M Company)
Allevyn (Smith &Nephew) 
Lyofoa (Molnycke)

Silicon-coated nylon dressings Mepitel (Mölnlycke)

Table 2. Burn Dressings Classifi cation8,33

Figure 19. Split-thickness skin  cadaveric allografts used for cover-
age of tangential-excised burns.

Figure 20. Split-thickness skin allografts harvested from living do-
nors (patient’s parents) used for coverage of fascial-excised burns; 
we can notice vascular integration of the skin allografts after 14 
days, due to low immunological status of the patient and genetic 
related donors.



Mihaela-Cristina Andrei et al.

Modern Medicine  |  2018, Vol. 25, No. 134

dermal replacement is usual obtain trough cell culture 
and applied as epidermal sheets or in form of suspen-
sion which is sprayed. Dermal replacement is achieved 
trough autografts, allografts, decellularized dermis or 
biosynthetic scaff olds40.

To be eff ective and acceptable, the skin substitutes 
must have the following characteristics41:

1. Biocompatibility
2. Antimicrobial resistance
3. Th ermal and microbial barrier function
4. Shear strength
5. Lack of antigenicity
6. Th ickness appropriate but keeping elasticity and 

fl exibility
7. Stability in time, normal skin growth-like ability
8. Adaptable shape for irregular surfaces
9. Easy to apply and adhere to the recipient area
10. Availability, accessibility in procuring it
11. Keeping properties in time and ease of storage
12. Effi  ciency in terms of costs
 Epidermal substitutes
Th e discovery of epidermal substitutes is based on 

the research conducted by James Rheinwald and How-
ard Green in 1975, being the fi rst ones carried out the 
isolation of epidermal keratinocytes and their in vitro 
cultivation on irradiated murine fi broblasts42.

In 1981, O’Connor introduced to the clinic the graf-
ting of major burns with autologous keratinocyte cul-
tures43. Th e fi rst commercial product for clinical use was 
made in 1988, under the name EPICEL44. Th e time for 
obtaining a suffi  cient area of   cultured epidermal cells is 
2-3 weeks from the harvest, during which the patient 
must be covered with temporary substitutes.

Th e use of keratinocyte cultures is still a common 
practice in multiple burn centers45.

temporary skin substitutes. We further present some 
products that has shown good results in clinical practi-
ce for burn wound coverage:
 Biobrane represents a synthetic semi-permeable 

membrane covered with porcine collagen. It en-
sures an adequate coverage barrier for water eva-
poration and microbial invasion, reducing also 
pain during burn wound healing35.

 TransCyte (Dermagraft-TC) is the fi rst tempo-
rary skin substitute obtained by bioengineering, 
which has been approved by the FDA for the co-
verage of excised full-thickness burn wounds36.

 Veloderm (Cristalcell77™, BTC, Italy) is an 
occlusive temporary skin substitute, produced 
from bacterial cellulose, having the aspect of a 
thin, translucent membrane with good absorb-
tion properties (can retain liquid up to fi ve ti-
mes its own weight). For application on burned 
area is hydrated with saline solution, becoming 
soft, fl exible and adherent to the wound bed, 
persisting until the wound healing. Its transpa-
rency constitutes an advantage in observing in 
dynamics the aspect of wound bed37. Veloderm 
(Figure 23) is a safe and effi  cient to be applied 
also on donor sites of skin grafts in burn or re-
constructive surgery patients38-39.

Permanent skin substitutes
Th e research of the last decades has been focused 

on creating structures that can be used in place of au-
tografts for defi nitive skin coverage Permanent skin 
substitutes addresses to epidermal or replacement or 
both skin layers in case of composite products. Epi-

Figure 23. Veloderm use on a debrided forearm burn.

Figure 21.

Figure 22.
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contains a combination of bovine collagen fi -
bers, glycosaminoglycans and chondroitin 6-sul-
fate, having a thickness of ~2 mm. Th is layer has 
pores of approximately 70-200 μm, that allow 
the growth of fi broblasts. Th e epidermal layer 
(external) consists of a polysiloxane polymer, is 
a temporary layer with a thickness of 0.23 mm, 
which is replaced after about 2-3 weeks with 
the split skin graft. It represents a barrier for in-
fectious agents, controls liquid losses and it is a 
mechanical support. Integra (Figures 24-26) is 
applied to clean, excised wounds, no signifi cant 
immunological problems of any kind have been 
reported so far. Integra has large utility, being 
frequently quoted as an important means in the 
acute surgical treatment of large burns, as well 
as in the post-burn reconstruction. Disadvanta-

Advantages of epidermal substitutes are: large sur-
faces can be obtained in a relatively short time (on 
average 16 days), from small samples (a few cm2), they 
act as permanent coverage; they are not rejected, being 
autologous compounds5.

Also there are disadvantages of epidermal substites: 
the epidermal structure is fragile, diffi  cult to manipulate, 
mechanical instability, being in lack of dermal support, 
frequent eczematizations appear, can give important 
retractions, lack of good cosmetic and functional re-
sults (epidermal instability requires long immobiliza-
tion time, high costs. As a solution to these problems, 
Pellegrini proposed ex-vivo expansion of keratinocytes 
and cultivation on a fi brin substrate resulting in a hi-
gher stem cell populations and demonstrating superior 
results in grafting and stability in time46.
 Dermal and bilaminar substitutes
Dermal substitutes are very important for the co-

verage of full-skin defects, both on acute and chronic 
wounds47. Several dermal or dermo-epidermal substi-
tutes are already on market, used with very good results.
 Integra (Integra LifeSciences Corp., Plainsboro, 

NJ, USA) is the most currently used dermal sub-
stitute. Integra is a product consisting of chon-
droitin 6-sulfate, bovine collagen and a silastic 
membrane developed on the principles of Yan-
nas and Burke48,49. Th e dermal layer (internal) 

Figure 24.

Figure 25. Integra used on the dorsum of the hand where there was an exposure of extensor tendons in II-III digital rays and the AMF II ar-
ticulation, with the dermis appearance after 21 days, before the split thickness skin grafting and the coverage of the elements.
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facial lesions; in those situations we need well vascula-
rized adequate coverage. Th ose results can be obtained 
using robust pedicle or free muscle or musculocutaneo-
us fl aps (like latissimus dorsi, anterolateral thigh fl ap or 
rectus abdominis fl aps). When performing a free fl ap 
in a burned area, we have to take into consideration 
some technical aspects regarding recipient bed status 
and available recipient blood vessels (the microvascular 
anastomoses should be placed at a safe distance from 
the lesion, in healthy tissue to avoid thrombotic com-
plications and fl ap loss). Using the vessel grafts may be 
necessary when performing the anastomoses. A care-
fully postoperative monitorization of the fl ap is requi-
red.

Vascularized Composite
Allotransplantation (VCA)

Vascularized composite allotransplantation represents 
an emerging surgical strategy with great potential for 
burned patient with severe deformity, imposible to 
approach trough conventional reconstructive tech-
niques. Upper limb or face allotransplantation shown 
good clinical results in recent worldwide experience. 
Drawbacks to an extensive use of this therapeutic stra-
tegy are the necessity for lifelong immunosuppressive 
therapy which is associated with multiple complicati-
ons. We analyzed this possibility for our patients and 
concluded that the severe burned patient has a particu-
lar systemic clinical and immunologic status that im-
pose precaution in select VCA as therapeutic option, 
until better results will be obtain in immunologic fi eld 
for promoting transplant tolerance54.

The Importance of
the Rehabilitation Program

In burn patients we cannot dissociate surgical treat-
ment from the adequate rehabilitation program. It is 
mandatory for patients to start the recovery even from 
the acute phase of the burn and adhere to a complex 

ges include: high cost, diffi  culty in applying on 
large and irregular surfaces and on maintaining 
adherence to the wound; requirement of further 
autografting5,13,49.

 AlloDerm (LifeCell, Branchburg, New Jersey) 
is an acellular dermal substitute obtained from 
cryopreserved, dezepidermized cadaveric skin. 
It gives dermal support, over which is applied 
a very thin autologous skin graft; grafting can 
be done in the same operatory time, which is an 
advantage compared to Integra. Good results on 
scars and good integration have been achieved13.

 Apligraf (Organogenesis, Canton, MA) is a bi-
laminated skin substitute approved by the Food 
and Drug Administration (FDA) to be used in 
the case of trophic ulcers that have not been cu-
red by other methods50,51. For burn lesions, the-
re are few studies reported-Apligraf in combi-
nation with autograft produced good results in 
terms of wound closure rates52.

We have to keep in mind that for successful take of 
a skin substitute a good vascularization is mandatory, 
depending of vasculogenesis ability of the scaff old and 
presence of sprouting capillaries originating in wound 
bed53.

In patients presenting severe deep or extensive burns, 
the main aspect in burn wound care is the microbial ef-
fi cacy of the applied products8.

The Use of Flaps in Acute Burn Management
Skin grafting remains the main therapeutic surgical 
strategy in acute burns treatment. Utilization of local 
advancement, transposition or rotation fl aps is rarely 
required in acute phase of burns, those surgical proce-
dures address more to the chronic burns sequel.

Regional pedicle fl aps or free microsurgical trans-
ferred fl aps may be necessary in severe deep lesions, 
like high voltage electrocutions when deep structures 
(tendons, bones, vesselsand nerves) are exposed or in 

Figure 26. Integra used on the head and neck carefully debrided lesions.
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CONCLUSIONS
Main challenges in the treatment of acute severe burns 
include appropriate initial resuscitation, support vital 
functions and preventing severe complications, espe-
cially infections. For this reason, it is critical to apply 
a prompt surgical strategy with early excision of burn 
eschar and coverage of the wound.

Using of autologous skin grafts still remain the best 
surgical options in acute phase of the severe burns. Un-
fortunately, often autografts are not available and skin 
substitutes remain the solution for our patients. Cur-
rently, there is no ideal skin substitute on the market 
that would eff ectively cure tissue defects without scars. 
Th ere is a continuous research to improve the structural 
properties of the existing substitutes, to perform com-
parative studies between diff erent products, to evaluate 
new synthetic and biological materials for use in tissue 
regeneration and cost optimization to allow widespre-
ad use of these therapeutic methods.

Early adherence of the patient to a well established 
rehabilitation program is another key point in severe 
burn injuries management.

Th e ultimate desiderate for those patients is regain 
their social and professional attribution as close as pos-
sible to normality, therefore a sustained follow-up and 
support program is mandatory.

rehabilitation programs that extends trough years after 
hospital discharge. Physiotherapy represents an inte-
gral component in complex burn care with the purpose 
to keep muscular trophicity, regain the range of moti-
ons, prevent contractures, improve function and pro-
mote psycho-social wellbeing and integration ability9. 

Future direction
Further research in extensive burns fi eld is orientated 
to develop sustainable strategies that ensures a higher 
survival of burn patients, with good functional and aes-
thetic results with the fi nal goal of social and professi-
onal reinsertion of those patients.

Tissue engineering addresses, trough extensive re-
search, to develop better skin substitutes able to resto-
re the lost biologic functions, having in mind ethical, 
safety, effi  ciency and economic considerations. Tissue 
engineering combines elements of biomaterials and 
cell transplantation in order to substitute lost tissues 
and promote structural and functional optimal rege-
neration55,56. Various stem cells population cultured on 
diff erent extracellular matrices are analyzed for their 
promising results for skin regeneration.
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