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Cultured composite skin grafts
for burns

Banked allografts offer a prospect of
immediate wound coverage

Each year more than 10 000 people need admission to hospital
in England and Wales for burns.' Immediate excision and
grafting in patients with extensive burns is thought to
improve survival-a hypothesis supported by retrospective
studies of both children2 and adults,3 although not confirmed
by a prospective study.4 Early grafting would be expected also
to reduce pain and the morbidity associated with sepsis, fluid
loss, and scarring.
What methods of grafting are available? The commonest

technique for resurfacing full thickness skin defects is with
split thickness autografts, which may be expanded fourfold
by meshing5 or 20-fold by dicing.6 Unfortunately, patients
with extensive burns may have few donor sites, but meshed
skin expanded sixfold may be used by overlaying it with
allograft7 (which if used alone does not survive in the long
term, even if the recipient has been immunosuppressed8 or
the antigenicity of the donor skin reduced9).

Fifteen years ago the problem of lack of graftable skin
seemed close to solution with the description of a reliable
technique for culturing large numbers of keratinocytes in
vitro.'0 The first reports of the use of these cultured auto-
logous keratinocytes were encouraging," with expansions of
up to 10000-fold.'2 The most obvious disadvantage was the
three week interval between taking the donor skin sample and
getting large sheets of cultured keratinocytes for grafting.
There is some evidence that cultured keratinocytes have
attenuated antigenicity,'3 suggesting that cultured allogeneic
keratinocytes might be used. These cells survive for less than
a week, however, and may be acting as no more than elaborate
dressings-albeit also secreting growth factors.'4 Keratin-
ocyte grafts have been found to have several persistent
problems: blistering and contracture due to lack of dermis'5
and an abnormal ultrastructure of the dermo-epidermal
junction within seven months of grafting.'6 These have
limited their clinical application and provided further
stimulus to the production of skin substitutes with a dermal
component.
Cadaver skin allografts have given excellent results. 7 18

When these are used the dermis survives and the epidermis
may later be replaced with cultured autologous keratinocytes.

Unfortunately the demand for allograft skin outstrips supply
in the United States by a factor of five to seven,'9 and there is a
real risk of transmission of infection. In an effort to overcome
these problems a composite artificial skin substitute has been
developed, consisting of a dermal component of bovine
collagen and shark chondroitin-6-sulphate overlaid with a
sheet of Silastic,20 which acts as a temporary epidermal layer
but must later be replaced by a thin split skin autograft or
cultured keratinocyte sheets.2' Use of this composite reduces
fluid loss and contracture, and follow up at one year has shown
results equivalent to those from split thickness autografts with
respect to hypertrophic scarring and patient satisfaction,
although graft take was less satisfactory.22 A variation of the
technique uses cultured fibroblasts incorporated into the
collagen-glycosaminoglycan membrane to emulate a normal
dermis more closely.23 The Silastic dermal composite has the
disadvantage of requiring two procedures to achieve epithelial
cover.
The latest stage in this evolutionary process is the use of

composite cultured skin grafts consisting of cultured keratin-
ocytes on a collagen-fibroblast dermal equivalent. These have
been evaluated in animals24 and, more recently, in patients
with burns -but poor results were obtained owing to graft
lysis.2' Further studies were more promising,26 although the
use of autologous keratinocytes still resulted in a delay of a
week and an expansion of only 20-fold. Allogeneic fibroblasts
and keratinocytes should overcome these problems and were
evaluated in patients undergoing full thickness excision of
tattoos.27 The grafts were not acutely rejected, and although
the allograft cells may gradually be replaced by those of the
host,28 this should not pose a problem clinically unless there is
ulceration and loss of the graft. After eight months the
appearance of the composite grafts applied to burns was
superior to that obtained with meshed autologous split
thickness skin, and neither contractures nor hypertrophic
scarring occurred.26

Several problems still need to be solved if cultured com-
posite skin grafts are to be used widely. Many groups have
reported poor handling characteristics and dermo-epidermal
separation. A basement membrane develops in vitro only after
prolonged culture,29 although hemidesmosomes form within
six days if human type IV collagen is included in the dermal
equivalent.30 Moreover, the take of the graft may be very
variable in patients with burns.2526 Another important prob-
lem is the lack of an ideal dressing for the tenuously adherent
epidermis. Clearly, the technique requires further develop-
ment, but with improvements in the structure of the dermal
component and inducing formation of the basement mem-
brane in vitro the stage is set for the production of a true skin
equivalent. The incorporation of skin adnexae remains an
elusive dream, but the aim of providing banked skin allograft
in unlimited quantities for the severely burnt patient should
be attainable.
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Does passive smoking cause
heart disease?

The evidence is strong enough to warrant
measures to reduce exposure

Active smoking is the most readily preventable cause of
coronary heart disease. In 1986 the United States Surgeon
General identified passive smoking as a cause of lung cancer
and called for further research on the relation between passive
smoking and cardiovascular disease.' Since then six cohort
studies29 and one case-control study'0 published in English
have examined this association and an answer is beginning to
emerge. The cohort studies were ofvariable size and included
participants from the United States,2's'7 Scotland,6 and
Japan.89 Measurement of exposure to passive smoking was
based on questionnaire responses; in only one study was there
objective evidence ofexposure to passive smoke and the same
study had information on workplace exposure.4 All but one
study' followed up individuals; and one study measured the
stability of smoking rates part way through the follow up.7
Several coronary heart disease end points were examined, and
all the studies tried to control for other risk factors.

Collectively the cohort studies suggest a positive association
between passive smoking and death from heart disease with
relative risks ranging from 1 2 to 2-7. There are several
possible explanations for the observed association; these

include chance, bias (including publication bias), and con-
founding-or the association could be causal. Chance is an
unlikely explanation given the precision of the results in some
studies; the combined relative risks were significant in both
men and women."

Systematic error (bias) in measuring passive smoking is a
possible explanation.'2 If the passive smoking group included
active smokers who had been incorrectly classjified as non-
smokers the relative risk in this group would have been
inflated. Only a small part of the increase in the risk of lung
cancer associated with passive smoking among non-smokers,
however, could have been due to this type of misclassifica-
tion. ' Active smoking increases the risk of lung cancer by
about 10-fold, but its effect on heart disease is much less
(roughly a doubling of risk), so misclassification is highly
unlikely to be the sole cause of the observed increase in
the risk of heart disease associated with passive smoking.
Furthermore, since many non-smokers who do not live with
smokers are known to be exposed to smoke from other
sources, particularly at work, the effect of passive smoking is
likely to be underestimated.'3 Publication bias, the greater
likelihood of studies with positive results to be published
compared with those-with negative results, does not explain
the association of passive smoking with lung cancer'4 15; there
is no reason to believe that it explains the association with
coronary heart disease.
Confounding -that is, mixing of effects -is the most likely

non-causal explanation for the observed association. Con-
founding might account for some or all of the association if
passive smoking were associated in the population studied
with other risk factors for heart disease and if these associa-
tions had been inadequately controlled in either the study
design or the analysis. All six studies controlled for age, and
four comprehensively controlled for the major cardiovascular
disease risk factors246 7; the impact on the relative risk of
controlling for these risk factors was in general minimal. Since
non-smokers tend to come from healthy families, however,
the effects of unknown confounders might still be import-
ant. 16 17
A judgment is required to determine whether the associa-

tion is causal. The temporal association is correct; the
association is plausible given our knowledge of the effects of
active smoking and the effect of passive smoking on other
health outcomes'; physiological and biochemical studies
suggest possible mechanisms"8; there is some evidence of a
dose response relation6 7; and there is consistency of results
among the cohort studies. Differences between sidestream
and mainstream smoke, the absence of a truly non-exposed
control group in studies of active smoking, and a greater
susceptibility of passive smokers to the health damaging
effects of tobacco smoke may explain the apparently high
relative risks of coronary heart disease associated with passive
smoking compared with the relative risks caused by active
smoking.
The available evidence does therefore suggest that passive

smoking is a cause of coronary hear-t disease. Nevertheless,
further epidemiological studies are required in various set-
tings. In particular there is a need for large, well designed
case-control studies that accurately measure recent and past
passive smoking at home and at work and adjust for all known
potential confounders, particularly socioeconomic factors.
Follow up studies ofpeople at high risk, such as survivors of a
myocardial infarction, may also be worth while.
From the public health perspective this association is

important because coronary heart disease is much more
common than respiratory disease; most of the deaths attrib-
uted to passive smoking in the United States and New
Zealand have been caused by coronary heart disease."I'9
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