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Clinical Applications of Allograft Skin in Burn Care
Chunyang Wang, MD, PhD,a,b Feng Zhang, MD, PhD,a and William C. Lineaweaver, MD, FACSa

Abstract: Allograft skin has been widely used for wound management in burn
centers. Functional as biologic dressing, it can not only provide ideal temporary
wound coverage in extensive burns when autograft is not immediately available
but also prepare the wound bed for definitive autografting. In this article, the
up-to-date clinical application of allograft in burn care was reviewed, including
coverage of extensive burn wounds, combined use with meshed autograft, tem-
plate for delayed application of cultured epidermal autografts, and the use of hu-
man acellular dermal matrix. Although it has potential disadvantages of rejection
and disease transmission, allograft skin remains a workhorse in treatment of se-
vere burn wounds.
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B urn injuries caused by thermal, electrical, chemical, cold, or radia-
tion lead to disruption of skin integrity. Loss of the skin barrier

has serious adverse physiological effects, such as substantial pain, in-
creased body fluids loss, exposure to infection, and desiccation of deep
tissue. For major burns, large wounds can quickly result in dehydration
and shock.1 Proper and timely wound management therefore is one of
the key objectives in modern burn care.

Treatment of burn wound varies according to the total body sur-
face area (TBSA) involved and the depth of burns. Superficial partial-
thickness burns may heal by wound dressing alone, whereas deep
partial- and full-thickness burns necessitate early burn excision and
wound coverage.2 Autografting remains the golden standard of wound
covering after debridement. However, in certain cases, it is not feasible
or unlikely to succeed because of limited donor sites or host wound bed
factors; thus, alternative methods of wound closure are required. A
range of skin substitutes are currently available for temporary wound
coverage, and allograft skin is one of the most used materials.1,3,4 The
efficiency of allograft skin in burn wound management has been widely
proven in the published literature.2,5–9 In this article, the current appli-
cation of allograft skin in burn care and its potential disadvantages
were reviewed.

HISTORY
The use of allograft in burn management dates back to 1881

when Girdner10 treated a severe burn patient with allograft skin from
a suicide victim. Brown et al11,12 popularized the use of allograft as bi-
ological dressing for extensive burns and denuded area. Thewidespread
use of allograft has become one of the driving forces behind the growth
and development of skin banking facilities. In 1971, Bondoc and
Burke13 established the first functional skin bank. The increasing
numbers of skin banks over the world not only meet the specific

needs of the burn surgeons but also help generate community support
for skin donation.14

TECHNICAL ASPECTS OF SKIN BANKING
The path of allograft skin from the donor to the recipient in-

cludes a series of processes, including procurement, processing, preser-
vation, storage, and distribution of tissue.15 Once screening of the
potential tissue donor is complete and proper authorization has been
obtained, procurement of skin from cadavers is carried out by a team of
authorized practitioners. At the skin bank, the skin is processed and pre-
served. As required, the allograft skin is transported to hospitals in secure
containers and rewarmed before use.

There are 2 common preservation techniques, cryopreservation
and glycerol preservation, and their effects on clinical outcome remain
controversial.16 Bothmethods have their own advantages and disadvan-
tages.17,18 Generally, cryopreservation allograft (CPA) has a higher
level of tissue viability than glycerol-preserved allograft (GPA),
whereas GPA can be stored for longer periods and is more cost effective
than CPA.6,8,17,19,20 Kua et al17 compared the clinical outcome between
these 2 types of allograft skin, and the results were not statistically sig-
nificant. A recent study concerning cadaver allografts in partial thick-
ness wounds in pig models showed that the take rate and removal rate
of skin between CPA group andGPA groupwere not significantly differ-
ent despite that the cell viability of CPAwas higher than that of GPA.19

Prospective, randomized, controlled trails are needed to confirm the
effect of preservation method of allograft on wound healing process.

INDICATION
With the development of successful procedures for the safe

banking of cadaveric skin, allograft has been widely used in the man-
agement of patients with severe burn injuries.2,5–8 The general indica-
tions for its use in wound management include temporary biologic
coverage in extensive burns when autografts may not be immediately
available, dressing for superficial partial-thickness wounds, wound
bed preparation for autografting, and template for the delayed applica-
tion of keratinocytes.3 Allograft skin possesses many of the desirable
properties of autologous skin and plays an important role in treatment
of massive burn wounds. As biologic dressings, they can reduce pain
and adhere to the wound bed, resulting in temporary wound closure
which decreases water, electrolyte, and protein loss, prevents wound
desiccation, stimulates vascularization, improves thermoregulation, and
protects wounds from bacterial contamination. In addition, allograft can
provide dermal matrix, which may improve final graft properties after
definitive autografting.14,21

CLINICAL APPLICATION

Coverage of Extensive Burn Wounds
Allograft has long been the standard skin substitute applied to

patients with major burns for temporary skin coverage. With the versa-
tility and availability of allograft, large burns can now be excised early
and quickly. Choi et al5 analyzed the data of patents with burns covering
more than 30% of TBSA from 4 burn centers. A total of 1282 patients
were included in their study. These 698 patients were treated by allo-
graft coverage within 7 days of the injury, followed by autografting
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approximately 2 weeks later, whereas 584 patients underwent conven-
tional treatment, with longer intervals between excision and autograft
coverage. The results showed that patients in allograft group had a lower
90-day in-hospital mortality than patients in conventional group.

Although allograft is an excellent alternative for temporary wound
coverage, it is most frequently used in large burns. Fletcher et al7 reported
that the frequency of allograft use in patients with 30 to 49%TBSA burns
was almost equal to that of not use, whereas in patients with 50% to 69%
TBSA and more than 70% TBSA, the frequency of allograft use in-
creased up to 91.7% and 92%, respectively. In the study by Choi et al,5

the frequency of cadaver skin usewas 50% in patients with 30% to 49%
TBSA burns and 63% in patients with more than 50% TBSA burns. In
the study of Blome-Eberwein et al,20 the average TBSA in allograft
group was 41.58% compared with 20.16% in nonallograft group. The
available clinical data tend to set 30% TBSA as a threshold below
which management with autograft alone is expected and set 50%TBSA
as a threshold above which the use of allograft is common.

Sandwich Grafting Technique
Allograft skin can be used as an overlay on top of widely meshed

autograft or over expanded postage stamp autografts.2,22 This technique
is also described as sandwich grafting, in which the allograft functions
as biologic dressing that protects the wound bed in the interstices of
widely meshed autograft.23,24 Moreover, the allograft would slowly sep-
arate from thewound because of the gradual rejection process, allowing
the underlying autograft to complete epithelialization. Vloemans et al22

performed sandwich grafting on 129 major burns, of which 57.6%
achieved partial or complete healing, and found that sandwich grafting
technique could improve the take rate of meshed autograft. In the study
by Khoo et al,2 the complete healing without regrafting was achieved
44.4% in patients treated by sandwich grafting technique, and the mean
autograft take was 74.4%.

When sandwich grafting technique is used, GPA skin is pre-
ferred because it contains less viable cell and causes a diminished in-
flammatory response compared with CPA. Rejection of the allograft
before epithelialization could lead to maceration of the wound bed
and secondary infection, resulting in loss of the autograft layer.23

Template for Delayed Application of Keratinocytes
The first clinical application of cultured epidermal autografts

(CEA) for treatment of severe burns was reported by O'Connor et al25

in 1981. Since then, this technique has been adopted in several centers
in care of burn patients with limited skin graft donor sites.26–28 How-
ever, the early use of CEA in covering full-thickness burn wounds
without dermal elements often had a poor take rates.29–31 The outcome
was significant improved when Cuono et al32 introduced the method of
2-stage procedure involving the use of allograft for wound bed prepara-
tion, followed by grafting of CEA. The use of allograft for temporary
wound coverage can result in lower infection rate and higher CEA
take.33–35 Sood et al36 reported their 18-year experiences using Cuono's
method in 88 patients with large burn wounds, and 72.7% graft take
rate with 91% overall survival rate was achieved. A recent systematic
review showed that the combined use of allograft and CEA remained
the most popular method in application of CEA.37

Human Acellular Dermal Matrix
Human acellular dermal matrix (HADM) is biological scaffold

derived from cadaveric skin. It maintains the structural and biochemical
properties of extracellular matrix while containing no cellular compo-
nents.38 Human acellular dermal matrix provides a structural support
and a biological environment suitable for regeneration of the underlying
tissue. The use of HADM in combination with thinner autograft was
evaluated as an option for full-thickness wound coverage.39 Compared
with conventional split-thickness skin grafts (STSGs), HADM provides

a dermal source that can prevent or reduce contracture and scar forma-
tion during wound healing.40–43 In addition, the donor site will heal
more quickly because of the thinner autograft required. A randomized
controlled clinical trial of HADM showed that the composite graft of
HADMwith thinner STSG could provide acceptable esthetic outcomes,
good functional recovery, and less scar formation at the donor site.44

The main disadvantage of the use of HADM is that both the HADM
and the overlying skin graft require revascularization.45 Data from a
multicenter clinical trial showed that when standard STSG was used,
the autograft take rate in HADM/STSG group was somewhat lower than
that in STSG group.46 Thus, it is recommended using ultrathin skin graft
with HADM to reducemetabolic demands and easier revascularization.45

POTENTIAL DISADVANTAGES OF ALLOGRAFT USE

Rejection
Although possessing many advantages in wound covering, allo-

graft is considered as a temporary coverage and graft rejection is some-
what inevitable.47 Allograft skin contains numerous dendritic cells,
which play a significant role in rejection.48 Clinically, the peeling off or
nonadherence of skin allograft to the wound bed is regarded as the sign
of rejection, which is likely to occur within 2 weeks after its application.2

Many authors have reported different experiences about the time
to allograft rejection, ranged from 11 days to 4 weeks.7 However, data
from recent large clinical trials indicated that the average time interval
for allograft exchanges occurred more frequently than expected.2,7

The average duration of GPA adherence to the wound bed in the study
by Khoo et al2 was 8.4 days, and the average time of CPA exchangewas
7.5 days as reported by Fletcher et al.7

Many efforts have been put to prolong skin allograft survival via
reducing allograft antigenicity or suppressing immune system of the
patients.47 It is generally believed that using glycerol to preserve the al-
lograft can reduce the antigenicity of allograft skin.49 Histologic evalu-
ation confirmed that GPA presented less severe microscopic early
inflammation that CPA; however, the graft performance between GPA
and CPA did not show any difference.19 Pharmacologic agents have
also been used to prolong the skin allograft survival, such as azathio-
prine, antithymocyte globulin, steroids, and cyclosporine.14,50,51

Disease Transmission
A major concern regarding the use of allograft is the risk of dis-

ease transmission. Despite the development of skin processing, micro-
bial contamination of allograft skin persists, and it remains the main
reason for tissue discard in skin banks.52,53 Thus, microbial testing is
imperative for skin banks to ensure the safety of the allograft. Mean-
while, with the growth of skin banking worldwide, there have been an
increasing number of practices reported for skin disinfection, such as
combined use of broad spectrum antibiotics and antifungal agents,
low temperatures, disinfection with 0.1% peracetic acid, or with 25 kGy
of gamma irradiation.54 Viral disease transmission by skin allografts
has also been reported in rare cases.55,56 Generally, reported rates of dis-
ease transmission are very low and sporadic, and the advantages of al-
lograft treatment are considered to greatly outweigh such risks.

CONCLUSIONS
Allograft skin has been used in burn care for more than 100 years.

Although various kinds of skin substitutes have been developed for clin-
ical and research use, the major role of allograft skin in severe burn
wounds remains. Research will be an important avenue of investigation
that is toward modifying the immunologic problems related to the rejec-
tion of the allograft.57 The ever growing interest in regenerative medicine,
stem cell therapies, and acellular dermal matrix may provide novel appli-
cation for allograft skin in the treatment of burn wounds.

Annals of Plastic Surgery • Volume 84, Supplement 2, March 2020 Application of Allograft Skin in Burn Care

© 2020 Wolters Kluwer Health, Inc. All rights reserved. www.annalsplasticsurgery.com S159



REFERENCES
1. Middelkoop E, Sheridan RL. Skin substitutes and ‘the next level’. In: Herndon

DN, ed. Total Burn Care. 5th ed. Elsevier; 2018:167–173.e162.
2. Khoo TL, Halim AS, Saad AZ, et al. The application of glycerol-preserved skin

allograft in the treatment of burn injuries: an analysis based on indications. Burns.
2010;36:897–904.

3. Leon-Villapalos J, Eldardiri M, Dziewulski P. The use of human deceased donor
skin allograft in burn care. Cell Tissue Bank. 2010;11:99–104.

4. Burd A, Chiu T. Allogenic skin in the treatment of burns.ClinDermatol. 2005;23:
376–387.

5. Choi YH, Cho YS, Lee JH, et al. Cadaver skin allograft may improve mortality
rate for burns involving over 30% of total body surface area: a propensity score
analysis of data from four burn centers. Cell Tissue Bank. 2018;19:645–651.

6. Cleland H, Wasiak J, Dobson H, et al. Clinical application and viability of cryo-
preserved cadaveric skin allografts in severe burn: a retrospective analysis. Burns.
2014;40:61–66.

7. Fletcher JL, Caterson EJ, Hale RG, et al. Characterization of skin allograft use in
thermal injury. J Burn Care Res. 2013;34:168–175.

8. See P, Phan TT, Chua JJ, et al. Our clinical experience using cryopreserved cadaveric
allograft for the management of severe burns. Cell Tissue Bank. 2001;2:113–117.

9. Sheckter CC, Li A, Pridgen B, et al. The impact of skin allograft on inpatient out-
comes in the treatment of major burns 20-50% total body surface area - a
propensity score matched analysis using the nationwide inpatient sample.
Burns. 2019;45:146–156.

10. Girdner JH. Skin grafting with grafts from a dead subject.Med Record NY. 1881;
20:119–120.

11. Brown JB, McDowell F. Massive repairs of burns with thick split-skin grafts:
emergency “dressings” with homografts. Ann Surg. 1942;115:658–674.

12. Brown JB, Fryer MP. Postmortem homografts to reduce mortality in extensive
burns: early biological closure and saving of patients for permanent healing; use
in mass casualties and in national disaster. JAMA. 1954;156:1163–1166.

13. Bondoc CC, Burke JF. Clinical experience with viable frozen human skin and a
frozen skin bank. Ann Surg. 1971;174:371–382.

14. Voigt CD,Williamson S, Kagan RJ, et al. The skin bank. In: Herndon DN, ed. To-
tal Burn Care. 5th ed. Elsevier; 2018:158–166.e152.

15. Pianigiani E, Ierardi F, Cherubini Di Simplicio F, et al. Skin bank organization.
Clin Dermatol. 2005;23:353–356.

16. Gaucher S, Jarraya M. Cryopreserved human skin allografts: efficacy and viabil-
ity. Burns. 2014;40:526–527.

17. Kua EH, Goh CQ, Ting Y, et al. Comparing the use of glycerol preserved and
cryopreserved allogenic skin for the treatment of severe burns: differences in clin-
ical outcomes and in vitro tissue viability. Cell Tissue Bank. 2012;13:269–279.

18. Hermans MH. Preservation methods of allografts and their (lack of) influence on
clinical results in partial thickness burns. Burns. 2011;37:873–881.

19. Yoon C, Lim K, Lee S, et al. Comparison between cryopreserved and glycerol-
preserved allografts in a partial-thickness porcinewoundmodel.Cell Tissue Bank.
2016;17:21–31.

20. Blome-Eberwein S, Jester A, Kuentscher M, et al. Clinical practice of glycerol
preserved allograft skin coverage. Burns. 2002;28(suppl 1):S10–S12.

21. Paggiaro AO, Bastianelli R, Carvalho VF, et al. Is allograft skin, the gold-standard
for burn skin substitute? A systematic literature review and meta-analysis. J Plast
Reconstr Aesthet Surg. 2019;72:1245–1253.

22. Vloemans AF, Schreinemachers MC, Middelkoop E, et al. The use of glycerol-
preserved allografts in the Beverwijk Burn Centre: a retrospective study. Burns.
2002;28(suppl 1):S2–S9.

23. Kreis RW, Vloemans AF, Hoekstra MJ, et al. The use of non-viable glycerol-
preserved cadaver skin combined with widely expanded autografts in the treat-
ment of extensive third-degree burns. J Trauma. 1989;29:51–54.

24. Alexander JW, MacMillan BG, Law E, et al. Treatment of severe burns with
widely meshed skin autograft and meshed skin allograft overlay. J Trauma.
1981;21:433–438.

25. O'connor NE, Mulliken JB, Banks-Schlegel S, et al. Grafting of burns with cul-
tured epithelium prepared from autologous epidermal cells. Lancet. 1981;1:
75–78.

26. Chua AWC, Khoo YC, Truong TTH, et al. From skin allograft coverage to
allograft-micrograft sandwich method: a retrospective review of severe burn pa-
tients who received conjunctive application of cultured epithelial autografts.
Burns. 2018;44:1302–1307.

27. Chua AW, Khoo YC, Tan BK, et al. Skin tissue engineering advances in severe
burns: review and therapeutic applications. Burns Trauma. 2016;4:3.

28. Fang T, Lineaweaver WC, Sailes FC, et al. Clinical application of cultured epithe-
lial autografts on acellular dermal matrices in the treatment of extended burn inju-
ries. Ann Plast Surg. 2014;73:509–515.

29. De Luca M, Albanese E, Bondanza S, et al. Multicentre experience in the treat-
ment of burns with autologous and allogenic cultured epithelium, fresh or pre-
served in a frozen state. Burns. 1989;15:303–309.

30. Herzog SR,Meyer A,Woodley D, et al.Wound coveragewith cultured autologous
keratinocytes: use after burn wound excision, including biopsy followup.
J Trauma. 1988;28:195–198.

31. Eldad A, Burt A, Clarke JA, et al. Cultured epithelium as a skin substitute. Burns
Incl Therm Inj. 1987;13:173–180.

32. Cuono C, Langdon R, McGuire J. Use of cultured epidermal autografts and der-
mal allografts as skin replacement after burn injury. Lancet. 1986;1:1123–1124.

33. Kym D, Yim H, Yoon J, et al. The application of cultured epithelial autografts im-
proves survival in burns. Wound Repair Regen. 2015;23:340–344.

34. Odessey R. Addendum: multicenter experience with cultured epidermal autograft
for treatment of burns. J Burn Care Rehabil. 1992;13:174–180.

35. Barillo DJ, NangleME, Farrell K. Preliminary experiencewith cultured epidermal
autograft in a community hospital burn unit. J Burn Care Rehabil. 1992;13:
158–165.

36. Sood R, Roggy D, Zieger M, et al. Cultured epithelial autografts for coverage of
large burn wounds in eighty-eight patients: the Indiana University experience.
J Burn Care Res. 2010;31:559–568.

37. Lo CH, Chong E, Akbarzadeh S, et al. A systematic review: current trends and
take rates of cultured epithelial autografts in the treatment of patients with burn in-
juries. Wound Repair Regen. 2019;27:693–701.

38. Bondioli E, Purpura V, Orlandi C, et al. The use of an acellular matrix derived
from human dermis for the treatment of full-thickness skin wounds. Cell Tissue
Bank. 2019;20:183–192.

39. Fosnot J, Kovach SJ 3rd, Serletti JM. Acellular dermal matrix: general principles
for the plastic surgeon. Aesthet Surg J. 2011;31:5s–12s.

40. Ellis CV, Kulber DA. Acellular dermal matrices in hand reconstruction. Plast
Reconstr Surg. 2012;130:256S–269S.

41. PanY, Liang Z, Yuan S, et al. A long-term follow-up study of acellular dermal ma-
trix with thin autograft in burns patients. Ann Plast Surg. 2011;67:346–351.

42. Askari M, Cohen MJ, Grossman PH, et al. The use of acellular dermal matrix in
release of burn contracture scars in the hand. Plast Reconstr Surg. 2011;127:
1593–1599.

43. Yim H, Cho YS, Seo CH, et al. The use of AlloDerm on major burn patients:
AlloDerm prevents post-burn joint contracture. Burns. 2010;36:322–328.

44. Li X, MengX,Wang X, et al. Human acellular dermal matrix allograft: a random-
ized, controlled human trial for the long-term evaluation of patients with extensive
burns. Burns. 2015;41:689–699.

45. Wainwright DJ, Bury SB. Acellular dermal matrix in the management of the burn
patient. Aesthet Surg J. 2011;31:13S–23S.

46. Wainwright D, Madden M, Luterman A, et al. Clinical evaluation of an acellular
allograft dermal matrix in full-thickness burns. J Burn Care Rehabil. 1996;17:
124–136.

47. Rotman S, Koch N, Wiesner L, et al. Nonvascularized human skin chronic allo-
graft rejection. Am J Transplant. 2019;19:3191–3196.

48. Horner BM, RandolphMA, Huang CA, et al. Skin tolerance: in search of the holy
grail. Transpl Int. 2008;21:101–112.

49. Hoekstra MJ, Kreis RW, du Pont JS. History of the Euro Skin Bank: the innovation
of preservation technologies. Burns. 1994;20(suppl 1):S43–S47.

50. Rezaei E, Beiraghi-Toosi A, Ahmadabadi A, et al. Can skin allograft occasionally
act as a permanent coverage in deep burns? A pilot study. World J Plast Surg.
2017;6:94–99.

51. Mindikoglu AN, Cetinkale O. Prolonged allograft survival in a patient with exten-
sive burns using cyclosporin. Burns. 1993;19:70–72.

52. Meneghetti KL, do Canto CanabarroM, Otton LM, et al. Bacterial contamination
of human skin allografts and antimicrobial resistance: a skin bank problem.
BMC Microbiol. 2018;18:121.

53. Gaucher S, Khaznadar Z, Gourevitch JC, et al. Skin donors and human skin allo-
grafts: evaluation of an 11-year practice and discard in a referral tissue bank. Cell
Tissue Bank. 2016;17:11–19.

54. Johnston C, Callum J, Mohr J, et al. Disinfection of human skin allografts in tissue
banking: a systematic review report. Cell Tissue Bank. 2016;17:585–592.

55. Kealey GP, Aguiar J, Lewis RW 2nd, et al. Cadaver skin allografts and transmis-
sion of human cytomegalovirus to burn patients. J Am Coll Surg. 1996;182:
201–205.

56. Herndon DN, Rose JK. Cadaver skin allograft and the transmission of human cy-
tomegalovirus in burn patients: benefits clearly outweigh risks. J Am Coll Surg.
1996;182:263–264.

57. Dixit S, Baganizi DR, Sahu R, et al. Immunological challenges associated with ar-
tificial skin grafts: available solutions and stem cells in future design of synthetic
skin. J Biol Eng. 2017;11:49.

Wang et al Annals of Plastic Surgery • Volume 84, Supplement 2, March 2020

S160 www.annalsplasticsurgery.com © 2020 Wolters Kluwer Health, Inc. All rights reserved.


