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Abstract Cryopreserved (CryoPA) and Glycerol-
preserved (GPA) skin allografts are commonly used in
the treatment of severe burn injuries. However, com-
parable data on their differences in clinical outcome is
scarce. This retrospective review aims to study the
effect of allograft viability on clinical outcomes. The
records of 48 severe burn patients who either received
CryoPA or GPA were reviewed. Key burn mortality
determinants were used to match the 2 groups. Clinical
outcomes such as mortality rate (MR) and the length of
hospital stay (LOS) were obtained. A separate in vitro
comparison included histological assessments and the
use of tetrazolium reductase activity to compare tissue
viability. Both groups showed a comparable profile in
burn mortality determinants. Patients who received
CryoPA had a lower MR of 25% compared to 34.8%
(P = 0.250) in the GPA group and a lower LOS of
39.2-45.9 days (P = 0.730), respectively. The histo-
logical structural integrity was found to be well
preserved with both methods although CryoPA was
confirmed to be the more viable product (P < 0.05).
The lower MR associated with CryoPA cannot be
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totally ignored. However, the mechanism through
which viable skin allografts improves MR of severe
burns patients remains to be elucidated.
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Introduction

Skin allografts derived from human cadaver donors
are widely used in the treatment of massive burn
injuries due to the paucity of available autologous
donor skin in such patients. They offer many distinct
advantages over conventional dressings. The allo-
grafts provide mechanical and physiologic barriers
that reduce protein and water loss from the wound
surface, protect wounds from bacterial contamina-
tion, prepare recipient granulation beds for autograft-
ing and increase the comfort and well-being of the
patient (May et al. 1984; Burd and Chiu 2005;
Druecke et al. 2002; Wachtel et al. 1979).

Allograft cadaver skin was first applied on burn
wounds in 1881 (Girdner 1881; Rogers 1951) and
their importance as a temporary biological dressing in
the treatment of burns has become well established
over the last 2 decades (Vloemans et al. 2002a, b;
Moerman et al. 2002; Blome-Eberwein et al. 2002).
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Fresh cadaver allografts are considered the gold
standard skin substitute for temporary closure of large
full-thickness burn wounds but their use is severely
impeded by their inadequate availability (Kearney
1998; Greenleaf and Hansbrough 1994). The Amer-
ican Association of Tissue Banks (AATB) states that
the viability of skin is an essential prerequisite of
good quality grafts for the functional closure of
wounds (Baxter 1985). Maintenance of cell viability
and structural integrity have been postulated to be
vital for the engraftment and neovascularization of
allograft skin (Bravo et al. 2000). However, the
availability of fresh allograft do not coincide with
occurrence of severe burns and the shelf life of fresh
allograft at normal refrigeration temperature is lim-
ited (DeBono et al. 1998), thus skin graft preservation
for the purpose of delayed application has become a
vital tool in burn therapeutics. Preserved allograft
allows for a longer storage period and allows more
time for the sample to be assessed microbiologically
to certify its sterility and viability (Bravo et al. 2000;
Castagnoli et al. 2003; Bagaran et al. 2006).

There are 2 main methods of allograft preserva-
tion. Cryopreserved allograft (CryoPA) is frozen in
liquid nitrogen at —180°C and Glycerol preserved
allograft (GPA) is stored in 85% glycerol at 4°C.
Cryopreservation has been shown to maintain cell
viability up to 50% (Bravo et al. 2000) but glycerol
preservation results in a non-viable skin which is less
antigenic (Richters et al. 1997) with anti-bacterial and
anti-viral properties (Van Baare et al. 1994; Hettich
et al. 1994). Many skin banks employ cryopreserva-
tion but the cost and complexity of cryopreservation
processes have encouraged some skin banks to adopt
glycerolization of cadaveric skin (Mackie 1997; De
Backere 1994; Vuola and Pipping 2002). Consider-
able controversy still exists over the viability of
preserved skin allografts and whether viability is a
prerequisite for its function as a biologic dressing
(Aggerwal et al. 1985). Although there have been
some studies comparing allograft viability and trans-
plantation performance (Ben-Bassat et al. 2000,
2001), there has been no previous study comparing
the actual patient outcomes between the use of
CryoPA and GPA. This retrospective review aims to
compare the clinical outcome between severe burn
patients treated with CryoPA and GPA as well as
compare the tissue viability and histomorphology of
these two types of allograft in vitro.
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Methods
Preservation protocols

Skin samples harvested from cadaveric donors were
rinsed with 0.025% sodium hypochlorite mixed in
phosphate buffer saline (PBS) to remove excess
lubricant as well as dead skin cells. The specimens
were then placed under 4°C storage in DMEM for
10 days as fresh skin tissues. After 10 days, skin
samples to be cryopreserved were soaked in DMEM
with 10% DMSO to allow penetration of the cryo-
protectant into the tissues. This is followed by
freezing at a slow rate of —1 to —5°C/min using a
programmable control rate freezer. At —100°C, the
allograft is transferred to a —150°C CFC-free ultra-
low freezer. Before application, rapid tissue thawing
was carried out in a pre-warm (37°C) 0.9% saline
solution, and the tissue was rinsed thoroughly three
times in the saline solution.

Glycerolised skin allografts (GPA) were obtained
from the Euro Skin Bank and stored at 4°C. GPA
specimens that have been preserved for 1-2 years
were used in the experiments. Before application, the
specimens were rehydrated by soaking in saline
solution at room temperature for 10 min followed by
extensive rinsing in saline solution.

Viability evaluation of human skin preserved
in glycerol or in liquid nitrogen

Quantitative analysis of tissue viability between the
different skin allografts was performed by measure-
ment of the tetrazolium reductase activity as
described by Hershey et al. (1958) and Castagnoli
et al. (2003). This assay was chosen for our study
because of its reproducibility and it allows for
cellular viability testing of intact tissues without
disrupting the structural integrity of the tissue.
Tetrazolium salts are reduced by mitochondrial
enzymes in viable cells into formazan pigments.
The quantity of pigment produced by metabolically
active cells can then be determined spectrophotomet-
rically. The obtained value minus the negative control
is proportional to the cumulative metabolic activity of
the cells in the tissue and thus may be construed as
equating to its viability. Our assay varied from
Hershey’s in that 3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
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tetrazolium (MTS) solution was chosen for this study
instead of 3-(4,5-dimethylthiazol-2-yl)-2,5-(diphenyl-
tetrazolium bromide (MTT) because the insoluble
formazan product of MTT reduction required
additional steps to dissolve the crystals before
optical absorbance reading at 570 nm while the
formazan product of MTS is soluble in tissue culture
medium.

Skin biopsies (n = 20) were obtained from CryoPA
and GPA allografts and compared against negative
controls which were devitalized by boiling. Skin disks
of 6 mm diameters were obtained by punch-biopsy
(Stiefel Laboratories, Ireland) and placed dermal side
down in a 24-well tissue culture plate. To ensure
uniformity between the samples, each sample was
weighed and homogeneity of all samples were
assessed to ensure comparable permeation of the salts
into the tissue. Post-cryopreserved samples was
assayed immediately after undergoing post-thawing
cryoprotectant dilution and rinsing. MTS solutions
(0.5 mg/ml) were added to the transport medium and
the samples were then incubated at 37°C, in an
atmosphere of 5% CO?/air. After an overnight incu-
bation, the solution was then read on a spectropho-
tometer (492 nm). The viability index of a skin sample
was expressed as the ratio of its Optical Density (OD)
to its weight.

I optical density(492 nm)

grams of tissue

The mean viability index was calculated. The
percentage viability index (PVI) of the GPA is the
mean viability normalised to that of the cryopre-
served allograft.

Comparison of histological specimens

Some cryopreserved and glycerolized samples (n = 8)
were processed for histological analysis. Tissue sam-
ples were washed with phosphate buffered saline
(PBS), fixed in 10% buffered formalin and paraffin-
embedded before the 5 mm sections were stained with
hematoxylin-eosin. Histomorphological analysis was
performed to verify the integrity of tissue architecture
of both allografts. The specimens were examined
microscopically and scored by a set of five histological
criteria, each marked 0-2 (Table 1). The total score for
each specimen was calculated by adding the individual
scores of all the criteria.

Retrospective case—control study

Between April 2001 and October 2007, a total of 1,483
burn patients were admitted to the Singapore General

Table 1 Macroscopic and microscopic criteria for evaluation and scoring of skin

Criterion Score

0

Macroscopic criteria for evaluation and scoring of skin

Colour Blackened
Pliability Very rough
Epidermis integrity Peeling

Resemblance to fresh skin® Gross difference
Microscopic criteria for evaluation and scoring of skin

Stratum corneum Fragmented
Epidermal cell layers integrity Destroyed

Rete ridges Not present

Dermal-epidermal junction Disconnected
Fibroblast presence® <10
Collagen bundles Amorphic

Mat gray or brown Normal

Minimally hardened Pliable and smooth
Partial

Partial difference

Normal
No difference

Partial Normal
Partial Normal
Shallow Normal
Partial Normal
10-20 >20

Disturbed Normal

Adapted from Cinamon et al. (1993)
# In term of appearance and texture of the allograft on the whole
® Per field (x400 magnification)
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| Burn Patients from 2000 to 2007 (n=1483) |

Inclusion Criteria;
. Agez 20 years old
. Bums z 30% TBSA

. Treated with either GPA or CryoPA
. No other co-morbidities

l—‘ Burn Patients (n=54) I—l

Group 1 Group 2
CryoPA GPA

AWK o2

Fig. 1 Study model for retrospective review

Hospital (SGH) burns centre. A total of 56 patients met
the inclusion criteria of this study: 20 years old or
older, deep dermal to full thickness bums greater than
30% total body surface area (TBSA) and treated with
either CryoPA or GPA. 6 patients were omitted from
the study after further stratification from cross-tabu-
lation with age and TBSA to ensure that both study
groups were comparable. Patients with co-morbidities
were excluded (Fig. 1). Most of the patients (n = 38)
had undergone early eschar excision with skin auto-
graft/allograft coverage within 72 h and complete
excision of burn wounds within 7 days. The remaining
10 patients did not undergo early burns excision as
they were transferred from overseas. All the patients
were treated according to a similar ward protocol in the
burns centre and patients with conditions or diseases
(diabetes, etc.) known to affect burn treatment were
excluded from the study.

The selected population was divided into two
groups, consisting of patients who were treated with
CryoPA and patients treated with GPA solely.
Patients who received both CryoPA and GAP were
excluded from the study. Key determinants of burns
mortality were used to match the 2 groups in
comparison, namely: age, TBSA, presence of inha-
lational injury and intubation, APACHE II scores on
admission and early eschar excision. Other factors
such as resuscitation techniques, type of ventilator,
nutrition and ward care were comparable for both
groups as these modalities did not differ significantly
during the study period. Clinical outcomes measured
were mortality rate (MR) and the length of hospital
stay (LOS).

The Acute physiologic and chronic health evalu-
ation (APACHE) II is widely used to predict patient
outcome in the intensive care unit (Knaus et al.
1985). Wong et al. (2002) reported that the APACHE
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II score on admission was an important predictor of
burn mortality. It involves assigning numerical values
(0—4 with high scores indicating more severe illness)
to 12 clinical and biochemical parameters: tempera-
ture, mean arterial blood pressure, heart rate, respi-
ratory rate, oxygenation, arterial ph, serum sodium,
potassium and creatinine, WBC and GCS. The
combined score from these 12 parameters makes up
the Acute Physiology Score (APS) of APACHE II.
Points are also assigned for age group and preexisting
illness. Combined scores below 10 suggest relatively
mild illness while score above 15 indicate moderate
to severe illness. According to the APACHE II
definition, scores were calculated based on the worst
physiologic parameters within the first 24 h following
hospital admission. APACHE 1I scores between the 2
study groups were evaluated to determine if they
were evenly matched.

The retrospective statistical analysis was per-
formed using Chi-square and Mann—-Whitney test
for patients’ profile and clinical outcome.

Results

Viability evaluation of cryopreserved
and glycerolized skin

Figure 2 shows that there were no significant differ-
ences between the sample disk weights of the various
study groups (including the negative controls).
Therefore it can be concluded that the MTS tissue
viability analysis was carried out on approximately
uniform and homogenous samples.

The mean viability score obtained from immediate
post-thaw cryopreserved samples was normalised to
an index of 100% for comparison with the GPA
sample. GPA is observed to have a viability reading
of 10.27 £ 7.25% relative to post-thaw CryoPA
(Fig. 3). This was statistically significant.

Histological analysis of cryopreserved
and glycerolized skin

Histologically, the cryopreserved and glycerolized
skin specimens were analysed. Although the samples
showed some signs of cellular damage after both
preservation methods, histological analysis performed
on both grafts showed good preservation of the tissue
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Fig. 2 There were no significant differences between the sample disk weights of the various study groups

Viability of Allogenic Skin:
Comparison of Glycerolization and Cryopreservation
120

100

mCryoPA [
mGPA

80 7

60 -

40

Relative % Viability

20

Imediately post-thaw

(Assessd by Tetrazolium Reduction)

Fig. 3 Comparison of viability values between GPA and
CryoPA. The mean value obtained for immediately assayed
cryopreserved skin was normalized to 100% and the viability
of the GPA sample was compared relative to it

architecture. The mean microanalysis scores of
CryoPA was comparable to GPA (Fig. 4) although
the glycerolized stratum corneum was observed to
have a higher fragmentation rate. The macroanalysis
scores of CryoPA is higher that GPA (Fig. 5) as GPA
was opined to be less pliable and it did not resemble
fresh skin as well as thawed CryoPA.

Microscopic Evaluation of Allogenic Skin:
Comparison of Glycerolization and Cryopreservation

o Immediately post-thaw
= Negative control

Total Score

CryoPA GPA

Fig. 4 Microscopic evaluation of skin tissue architecture

In comparison, histology analysis was also con-
ducted on the negative controls for comparison. The
skin architecture ~was completely destroyed.
The epidermal layer was completely detached from
the underlying dermis and the cells were severely
damaged (Fig. 6¢c, d). The reticular dermis area
became smooth and compact with no rete ridges.
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The sections were stained deep purple due to the
denatured proteins and structures.

Retrospective-statistical comparison of clinical
outcomes

Among all the patients admitted to the burns unit
during the period 2001-2007, 48 patients met the

Macroscopic Evaluation of Allogenic Skin:
Comparison of Glycerolization and Cryopreservation

@ |Immediately post-thaw
= Negative control

7 T

sz

Total Score

CryoPA GPA

Fig. 5 Macroscopic evaluation of skin tissue architecture

inclusion criteria. Table 2 demonstrates the profile of
the 2 groups in comparison. From Table 2, it can be
observed that the two study groups had similar
profiles and were comparable for key burns mortality
determinants such as age, TBSA, full thickness burns,
APACHE II scores, smoke inhalation, intubation and
early excision. Table 3 detailed the statistical analysis
of the clinical performances of cryopreserved and
glycerolized skin.

Although the comparison of the clinical outcomes
between CryoPA and GPA was not statistically signif-
icant, mortality in the CryoPA group was seen to be
lower compared to the GPA group (25% vs. 34.8%,
P = 0.25). The mean LOS for CryoPA and GPA was
39.20 and 45.93 days (P = 0.730), respectively.

Discussion

Over the last few decades, fresh viable cadaveric
allografts have proven to be a very effective alternate
material to cover tangentially excised deep second or
third degree-burns when insufficient amounts of

Fig. 6 Histomorphological analysis of paraffin tissue sections.
a CryoPA post-thaw, b GPA post-thaw, ¢ CryoPA negative
control, d GPA negative control. The arrows showed some
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signs of tissue damage. The GPA have higher fragmentation
rate of the stratum corneum
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Table 2 Profile of study population and comparison with key burns mortality determinants
CryoPA GPA P-value
N 25 23
Age Mean 38 39.35 0.672*
Median 35 36
SD 13.66 14.28
Range 23-74 21-78
TBSA (%) Mean 48.16 45.88 0.749*
Median 43 41
SD 15.66 13.25
Range 30.5-80 30-79
Full thickness burn (%) Mean 10.46 13.87 0.958%
Median 8 1
SD 14.63 18.73
Range 0-69.5 0-55
Apache II score Mean 7 791 0.494*
Median 7 7
SD 4.757 4.82
Range 1-19 1-18
Male/female 16 (64%)/9 (36%) 18 (78.3%)/5 (21.7%) 0.278°
Smoke inhalation (Y/N) 6 (24%)/19 (76%) 6 (26.1%)/17 (73.9%) 0.868°
Intubation (Y/N) 10 (40%)/15 (60%) 12 (52.2%)/11 (57.8%) 0.398°
Early excision (Y/N) 21 (84%)/4 (16%) 17 (73.9%)/6 (26.1%) 0.390°

Table 3 Comparison of clinical outcomes between patients
treated with CryoPA and GPA

All patients CryoPA GPA P-value

Mortality (Y/N) 5/25 (25%) 8/23 (34.8%) 0.250°

Length of stay Mean  39.20 45.93 0.730*
Median 41.50 43
SD 22.428 26.25
Range 2-73 17-125

# Mann-Whitney U test

° Chi-square test

autografts are present. Their acceptance as a temporary
cover, coupled with the advent of early excision and
grafting for severe burns has led to an increase in their
demand and the research and establishment of various
procedures for skin preservation (Kearney 1998;
Herndon et al. 1989). Two methods of skin preserva-
tion have proven useful: cryopreservation and glycerol
preservation. Cryopreservation aims to preserve the
viable properties of fresh cadaver skin but the process
is costly and complex. Glycerolization is simple
and less expensive but the allograft is considered

nonviable. The American Association of Tissue Banks
indicates that the viability of skin is an essential
prerequisite for good quality grafts and for the
functional closure of wounds (Baxter 1985). It is
widely believed that no skin substitute is able to
approximate the biological properties of viable human
skin. However, considerable controversy still exists
over the viability of preserved allografts and whether
viability is necessary for its function as a biologic
dressing (Aggerwal et al. 1985; Bondoc and Burke
1971; Wachtel et al. 1979).

There have been some reports comparing the
clinical transplantation performance between CryoPA
and GPA (Aggerwal et al. 1985; Ben-Bassat et al.
2001; Wachtel et al. 1979). However, there is no
study comparing the actual clinical outcomes in
patients treated with either GPA or CryoPA. A
historical appraisal of the wuse of CryoPA
(1979-1981) and GPA (1998-2000) in the treatment
of partial-thickness burns indicated a reduction in the
need for second autografting in the group treated with
GPA (Vloemans et al. 2002a, b). Vloeman et al.
commented that the results were not statistically
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significant and could have been attributed to the
factors such as improvement in health and social
welfare, differences in treatment protocols and
differences in graft properties. However, he also
hypothesized that the diminished immunogenicity of
the non-viable GPA could have resulted in the
moderation of the local inflammation process and
contributed to a better wound healing. Cryopreserva-
tion is able to preserve allograft viability to a certain
extent but interaction between the host and donor
cells may potentially trigger early rejection. Early
graft rejection before epithelisation of the wound can
cause further deterioration of the wound bed and
possible increased risk in infection and scarring.
Advantages of treatment with GPA include its
antibacterial (Obeng et al. 2001; Pianigiani et al.
2006) and virucidal effects and a delay in graft
rejection due to decreased immunogenicity. In vitro
immunogenenicity of glycerolised skin had been
compared to untreated skin by coculture of peripheral
T-cells with allogeneic treated skin cells. The results
indicated an inflammatory process that is mediated by
infiltrating host monocytes rather than a rejection
process mediated by T cells (Richters et al. 1996,
1999). Other studies on GPA have also demonstrated
a consistent graft take in patients, resulting in greater
than 95% epithelization at 6 weeks with less than 2%
graft failure (Ben-Bassat et al. 2000). The glycero-
lization process has also been shown to reduce
intracellular virus infectivity and thus minimising
disease and infection transmission (Marshall et al.
1995; Mackie 2002). Furthermore, to gain more
insight into the clinical practice of GPA for the
management of burn injuries, a postal survey of 62
burn centers that have received GPA over the past
5 years demonstrated a general concensus that GPA
had performed well in clinical practice with few
complications (Eade 1958). Table 5 summarizes the
differences and similarities between both allografts.

Our study aims to re-examine the necessity of
preserving allogenic skin viability for the treatment of
severe burns by examining the clinical outcomes. We
first compared cell viability of CryoPA and GPA using
in vitro assessments where we demonstrated that GPA
is indeed a much less viable product compared to
CryoPA. However, the histological architecture of
both CryoPA and GPA are relatively well preserved.
From our retrospective analysis, it appears that the risk
of mortality in patients treated with CryoPA group is
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Table 4 Clinical Outcomes of patients with early excision

With early excision CryoPA GPA P-
value
Mortality 421 (19.0%) 6/17 (35.3%) 0.258"
Length of stay Mean 38.41 40.82 0.926*
Median 42 40.50
SD 24272 26.484
Range 2-73 2-125

? Mann-Whitney U test

b Chi-square test

lower when compared to the GPA group (25% vs.
34.8%, P = 0.250) (Table 3). The lower mortality risk
with the use of CryoPA is also demonstrated when
only patients with early burns excision were compared
in the 2 groups. (19.0% versus 35.3%, P = 0.258)
(Table 4). Similarly the overall LOS is also lower in
the group treated with CryoPA (39.2 days wvs.
45.93 days, P = 0.730). Although the results were
not statistically significant due to the eventual small
sample size, these results suggest that viable allogenic
skin cells may play an important role in improving
severe burn patients’ outcome, especially mortality
risk, given the relatively their low P values. We
hypothesize that the lower mortality and LOS when
treated with the more viable graft could be contributed
by 3 factors. Firstly, the more viable CryoPA may
function as a superior biological dressing due to its
better transplantation performance. Secondly, the
more viable CryoPA is better able to stimulate
neovascularisation and thus enhance wound healing.
Thirdly, the viable allograft cells in CryoPA could
have a role in the immunomodulation of the systemic
response in severe burns (Table 5).

Cadaveric skin allografts have generally been
considered to be effective in protecting wounds from
bacterial contamination and the reduction of water,
electrolyte and protein losses. Non-viable GPA is
also able to perform this function as it is able to retain
the morphological structure of skin and perform its
barrier function. The non-viable allograft adheres to
the wound as a ‘collagen prosthesis’ but does not
undergo true chemical bonding with fibrin of the
wound. Eade observed that skin coverage with fresh
viable or preserved non-viable skin grafts eliminated
the dead space existing on the surface of burn wounds
and permitted granulation tissue to destroy surface
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Table 5 Summary of Cryopreserved and Glycerolized allograft

CryoPA GPA
Start-up cost Expensive Cheap
Operation cost Expensive Cheap

Equipment and maintenance

Tissue viability

Antimicrobial properties

Level of antigenicity
Rejection process

Graft performances

Storage

A number of expensive equipment and regular
maintenance is required

Viable up to 50%, but decrease with time

None

High
Possible early rejection

Good on gross and microscopic evaluation,
but perform less adequately than fresh tissue

Expensive maintenance and can be store up to

Little equipment involved and cheaper
maintenance

Reduced viability

Reported to have many anti-bacterial
and virucidal effects

Low
Attenuated

Good on gross evaluation but perform less
adequately than fresh tissue and CryoPA

Cheaper and can be store at —4°C but 5 years

maximum of 5 years in liquid nitrogen at —196°C.

Transplantation performance Good but unpredictable

is recommended

Poorer

bacteria rapidly (Cinamon et al. 1993). Successful
take of the graft would effectively eliminate the dead
space existing on the surface, thus allowing the graft
to perform its functions as a biologic dressing better.
Cinamon et al. demonstrated that CryoPA had a
better transplantation performance compared to GPA
in an immunocompetent mouse recipient model
(O’Donoghue and Zarem 1971). Primary take was
evaluated via macroscopic evaluation (adherence to
wound bed, skin colour and pliability) and histolog-
ical evaluation. The cryopreserved skin grafts per-
formed significantly better than glycerolised skin
even after a transplantation period as short as 4 days.
The difference became even more significant after
7 days of grafting. Both forms of preserved allo-
grafts provided a less successful product than fresh
cadaver skin, therefore demonstrating that viability
of the allografts may effect better transplantation
performance.

Cadaveric skin allografts have also been known to
improve wound healing by promoting neovasculari-
sation of the recipient bed through engraftment.
O’Donogue et al. observed that fresh skin grafts were
clearly superior in stimulating neovascularisation in
the wound bed than preserved skin grafts (freeze-
thawed and lysophilized) (O’Donoghue and Zarem
1971). The maintenance of cell viability and struc-
tural integrity was postulated to be vital for this
effect. Faster wound healing decreases release of

inflammatory mediators and bacterial colonization
of wounds. This, in turn, attenuates the systemic
inflammatory response syndrome (SIRS) hence
reducing the occurrence of metabolic derangements,
sepsis and multi-organ failure (MOF).

The lower mortality risk associated with the use of
CryoPA in our current study can be partly attributed to
the enhanced wound healing effects described above
and possibly due to other systemic factors. We
hypothesize that viable allograft cells could have
attenuated the systemic inflammatory response.
Depressed Thl and exaggerated Th2 cytokine
responses were demonstrated in burn patients and
these two observations were related to the increased
susceptibility to SIRS, sepsis and MOF in such
patients. Wolf et al. previously demonstrated that
IGF-1/IGFBP-3 treatment in burn patients could
reversed the postburn Th2 shift and might partially
restore immune function (Miller et al. 2007; Wolf et al.
2004). Jerschke et al. showed that insulin treatment
can attenuate the inflammatory response by decreasing
the pro-inflammatory and increasing the anti-inflam-
matory cascade, thus decreasing morbidity and mor-
tality in critical conditions (Jeschke et al. 2004). Other
cytokines that are reported to have a role in immuno-
modulation are interleukin-12 (IL-12) and interferon-y
(IFN-y) (Wolf et al. 2004). Our hypothesis is that
viable allograft cells can stimulate the production of
favourable cytokines that immunomodulates the Th1/
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Th2 balance and reduces the risk of progression to
SIRS and MOF. The exact mechanism of this is still
unclear but these initial results certainly merit further
study by means of a prospective, comparative trial.

Conclusion

Glycerolised allografts have been shown to be less
viable than cryopreserved allografts although there is
good preservation of tissue architecture with both
methods. The clinical outcomes between patients
treated with CryoPA and GPA were compared and it
was observed that viable allograft cells may play a
role in decreasing mortality risk and LOS in severe
burn patients. While it could not be confirmed that
CryoPA is superior to GPA statistically for the key
clinical outcomes, the better clinical outcomes asso-
ciated with the former cannot be totally ignored.
Therefore, the mechanism through which viability of
temporary skin allograft improves clinical outcomes
of severe burns patients remains to be elucidated.

Conflict of interest All the authors have no conflicts of
interest that could inappropriately influence the above work.
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