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Human amniotic membrane proved to
be a versatile and useful temporary
biologic dressing in studies involving
120 patients. Wounds, both traumatic
and nontraumatic in origin, responded
to a protocol that allowed coverage
of tissues as diverse as exposed bowel,
pleura, pericardium, blood vessels,
tendon, nerve and bone. Wounds
unresponsive to usual therapeutic
measures responded to membrane
application. Ease of availability, negligible
cost and facilitated wound healing
make this temporary biologic dressing
generally superior to either cadaver
skin allograft or pigskin xenograft.
Human amniotic membrane dressings
are therefore a useful adjunct in the
care of the complicated wound.

Dans des etudes impliquant 120 patients
Ia membrane amniotique humaine s'est
av6r6e un pansement biologique
temporaire utile et versatile. Les
blessures, traumatiques ou non, ont
r6pondu a un protocole qui prevoyait
le recouvrement de tissus aussi divers
qu'un intestin, une plevre, un pericarde,
des vaisseaux sanguins, un tendon,
un nerf ou un os mis & nu. Des
blessures ne reagissant pas aux mesures
th6rapeutiques habituelles ont repondu
a une application de membrane. Sa
grande disponibilit6, son coOt negli.
geable et son effet b6n.fique sur Ia
cicatrisation des blessures rendent ce
pansement biologique temporaire
generalement superieur aux allogreffes
de peau d'origine cadaverique ou aux
xenogreffes de peau de porc. Les
pansements de membrane amniotique
humaine constituent donc une mesure
d'appoint utile dans le traitement
des blessures compliquees.

The main goal in management of an
open wound is to obtain a clean and
closed wound in the shortest time.
Deleterious effects of an open wound
are many and are related mainly to
the size and site of the wound. Fluid,
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heat and nutrient loss, continuing
contamination and sepsis, and as-
sociated pain and decreased mobility
may seriously hamper patient recov-
ery, and early coverage of a major
burn wound may be lifesaving. The
search for an ideal wound cover as a
substitute for the patient's skin began
more than a century ago and contin-
ues today. In the late 1 800s Gird-
ner,1 Reverdin2 and Lee3 used cadaver
and animal skin to cover burn
wounds. Davis4 in 1910 reported at-
tempts to graft pieces of amniotic
sac onto granulating wound, and 3
years later Sabella5 described the
treatment of a burned patient with
portions of amniotic membrane.

These early attempts at substitu-
tion for the patient's skin were de-
signed to provide permanent coverage
and failed because of immunologic
rejection. Years later Dogo6 initiated
the use of split-thickness cadaver skin
allografts as temporary biologic dress-
ings for large burn wounds, a proce-
dure popularized by Brown and as-
sociates.7 Removal of such dressings
and replacement with another skin
allograft or an autograft prior to re-
jection was an important factor in
the increasing rate of survival from
major burns. The rejection reaction
is unpredictable and occurs unevenly.
Edema and cellular reaction produce
unhealthy granulation tissue suscep-
tible to bacterial invasion, and the
concomitant systemic response may
be severe and cause further debilita-
tion in the burn patient.

Difficulties in obtaining adequate
supplies of cadaver skin led to a
search for substitute tissues. In 1957
Rogers, Converse and Silvetti8 pro-
posed concerted investigation into the
use of bovine embryo skin as a tem-
porary dressing for large skin wounds.
Bromberg, Song and Mohn9 later
reported the results of their labo-
ratory and clinical investigations with
pigskin xenografts, which, because of
their commercial availability, have
become popular in many centres.

The use of human amniotic mem-
brane as a temporary biologic dress-
ing has been evaluated recently, both
experimentally and clinically, by
Robson and Krizek.'0 In a series of

50 rat burns infected with 108 Pseu-
domonas aeruginosa organisms, this
dressing was shown to be 1000 times
more effective than split-thickness
human skin grafts in decreasing bac-
terial contamination. In another ex-
perimental model human amniotic
membrane was found to be as effect-
ive as split-thickness isograft skin but
superior to split-thickness allograft
and xenograft skin in decreasing bac-
terial contamination of full-thickness
skin defects created on the backs of
rats.11 The usefulness of human am-
niotic membrane in the management
of open wounds was further substan-
tiated by Robson and associates12'13 in
a study of 150 patients, and by Cob-
cho and colleagues14 in their use of
the amnion layer alone as a physiol-
ogic wound dressing in 107 patients
with partial-thickness burns and split-
thickness graft donor sites.
We undertook the study described

below to evaluate the usefulness and
versatility of human amniotic mem-
brane as a temporary biologic dress-
ing in a wide variety of common and
challenging clinical situations, and
to determine an optimal protocol for
its use.

Methods

Patients

included in the study were 120 pa-
tients in need of temporary biologic
dressings. Their wounds were mainly
full-thickness defects of diverse
origin and certain partial-thickness
defects. Accurate clinical and photo-
graphic records were kept.

Material

Fresh amniotic membranes were
obtained at the time of delivery from
women who were seronegative for
syphilis and had no history of prema-
ture rupture of the membranes or en-
dometritis. Meconium-stained or
foul-smelling membranes were dis-
carded. With aseptic technique, mem-
branes were removed from the pla-
centa, not separated into amnion and
chorion, and washed four times with
sterile normal saline, once with
0.025% sodium hypochborite solu-
tion, then four times with normal
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N..of
Typ. of wounits ptlnta
Ulurs

Nonhealing or poorly healing
wounds 10

Burns 30
Traumatic ioft-tlssuo wounds 7



FIG. lA-Chronic venous stasis ulcer. FIG. 2A-Pyoderma gangrenosum of perineoscrotal area;
deep, burrowing ulcers with necrotic base and undermined
edges with black, "lifeless" appearance; anal stump evident.

FIG. lB-Human amniotic membrane applied to ulcer. FIG. 2B-After 6 weeks of application of human amniotic
membrane, undermined edges filled in, new epithelium at
periphery, and significant healing and wound contraction.

FIG. iC-Ulcer completely healed in 3 weeks. FIG. 3-Major full-thickness burn wound after separation
of eschar; large membranes used to advantage.
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3M Center, St. Paul, Minn.) and was

uniformly successful.

Nonhealing or poorly healing wounds

In 10 patients with nonhealing or
poorly healing wounds of diverse
origin human amniotic membrane
was applied to stimulate healing and
granulation tissue formation. Most of
these wounds had failed to respond
to routine wound care and systemic
support. The change in wound ap-
pearance following application of the
membranes was often striking, as in
the following cases:

Case 3: A 45-year-old man under-
went total proctocolectomy for Crohn's
disease. Pyoderma gangrenosum of the
perineum developed thereafter, with
sloughing and ulceration of almost the
entire perineoscrotal area, which was
completely resistant to all forms of
treatment for 18 months. Frequent
dressings and sitz baths necessitated
narcotic analgesia. The wound prior to
the application of human amniotic
membrane is shown in Fig. 2A. Steroids
and azathioprine were being admin-
istered for control of the Crohn's
disease.

Pain was relieved when application
of human amniotic membrane was be-
gun. Every 48 hours the membrane was
removed in a sitz bath and another
applied. No d.bridement or other form
of wound care was used. Within 3
weeks there was a remarkable trans-
formation in appearance of the wound:
the deeply undermined edges had filled
in, epithelial ingrowth from the peri-
phery was progressing rapidly, and the
ulcer base was replaced with healthy,
bright-red granulation tissue. By 6
weeks more than two thirds of the ul-
ceration had healed and wound con-
traction and epithelialization were
striking (Fig. 2B). Fatal cerebral hem-
orrhage interrupted this progression of
events, but the near-total healing ev-
idenced prior to death was striking.

Case 4: In a 58-year-old man a
chylous fistula developed after pharyn-
golaryngectomy and radical neck dis-
section for recurrent hypopharyngeal
radiation therapy. A large area of tissue
adjacent to the tracheostoma broke
down, with deep undermining of the
wound edges, exposing the common
carotid artery. After 4 weeks of applica-
tion of routine dressings (sodium hypo-
chlorite 1:20) 'minimal healing was ev-
ident. Human amniotic membrane was
applied directly to the exposed carotid
artery and remaining wound surface
and tucked under the deeply under-
mined wound edges. Over the next 4
weeks healthy granulation tissue filled
the wound, obliterating the undermined

edges and providing almost complete
coverage of the exposed carotid artery.
This allowed successful closure of the
defect with a deltopectoral flap.

In two cases human amniotic
membrane was applied directly to
bone:

Case 5: Following aortocoronary by-
pass grafting, postoperative sternal de-
hiscence occurred in a 61-year-old man.
The wound was resutured, but 2 days
later dehiscence recurred, the wire
sutures tearing through friable bone
edges. Human amniotic membrane was
applied to this deep wound, directly
covering the pericardium and the two
lateral edges of the sternum. Frequent
dressing changes were initially needed,
but after 3 weeks 'healthy granulation
tissue covered the pericardium and
sternal surfaces, *and delayed wound
closure was performed.

Case 6: In a 50-year-old man a dis-
tal tibial fracture remained ununited
despite two attempts at open reduction
and bone grafting, and osteomyelitis
developed at the fracture site. Follow-
ing curettage and saucerization of the
area human amniotic membrane was
applied directly to the bony cavity and
adjacent exposed tendon. Healthy
granulation tissue began to cover areas
of exposed bone. The many remaining
islands of pearly, avascular bone were
removed on the ward and human am-
niotic membrane was reapplied to
healthy, bleeding bone. Four weeks
later, prior to coverage with a cross-leg
flap, the entire bony cavity and ex-
posed tendon were covered with
healthy, bright-red granulation tissue.
Because the exact extent of devitalized
bone was accurately determined, man-
agement was facilitated.

Burns

Ten patients with full-thickness or
deep partial-thickness burns were
treated with human amniotic mem-
brane. In full-thickness burns, once
the eschar had been removed the
membrane was applied to provide
coverage and to promote the growth
of healthy granulation issue prior to
autografting (Fig. 3). Areas of the
wound not ready for grafting (as
shown by failure of the membrane to
take) were prepared with frequent
membrane changes until take was ev-
ident. Granulation tissue in the areas
ready for grafting was kept healthy
until the entire wound was ready for
grafting. D.bridement of the burn
surface by frequent changes of mem-
brane decreased the number of graft-
ing procedures necessary to close the
wound. With massive burns and lim-

ited autograft supply the membrane
covered the wound while donor sites
healed. Membrane dressings reduced
pain significantly, permitting early
mobilization, especially with burns of
the hand.

Certain deep partial-thickness
burns covered with human amniotic
membrane after separation of the
eschar showed accelerated healing of
the remaining dermal elements. Coa-
lescing epithelial islands were seen
beneath the membrane, which separ-
ated spontaneously when epitheliali-
zation of the underlying wound was
complete. Healthy, pliable, normal
skin, without hypertrophic scar, was
produced. Human amniotic mem-
brane was not used in the initial treat-
ment of partial-thickness burns since
thermal injury often results in a
wound with patchy areas of partial-
and full-thickness loss.

Traumatic soft-tissue wounds

In seven patients who had suffered
severe soft-tissue and bony trauma
human amniotic membrane was used
as the immediate cover for contamin-
ated wounds to protect exposed bone,
nerves, tendons and vessels, and to
maintain tissue viability until defini-
tive closure was possible. In wounds
in which the tissue viability was ques-
tionable the membranes were used to
delineate areas of dead tissue and
thus permit accurate d6bridement.

Discussion

Human amniotic membrane has
been used successfully as a temporary
biologic dressing in diverse clinical
situations. Histologically the mem-
branes consist of two loosely con-
nected tissues, amnion and chorion.
The amnion, or inner layer, is derived
from the epiblast and is continuous
with the embryonic ectoderm.'5 The
inner surface is composed of cuboidal
or flattened epithelial cells; the outer
surface is covered with mesenchymal
connective tissue. The chorion has a
mesenchymal component in contact
with the amnion, and an external
ectoderm composed of transitional
epithelium. Pigeon18 has stated that
since amniotic membrane is formed
by fetal ectoderm it is really an ex-
tension of the infant's skin. Lister17
found ultrastructural and functional
similarities between fetal skin and
amnion and chorion. Hence human
amniotic membrane can- be consi-
dered analogous to fetal skin allo-
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graft. This may account for certain
of its beneficial effects when used
as a wound dressing.

In treating this series of patients
we made no attempt to separate the
membrane into its two layers since
the thicker two-layered membrane
provided a more satisfactory tem-
porary wound cover; no disintegra-
tion occurred within 48 hours when
adherence of the membrane was
maintained. Douglas18 demonstrated
initial neovascularization of chorion
applied to experimental wounds, and
Robson and Krizek13 showed de-
creased bacterial growth when a tem-
porary biologic dressing took initially
on a granulating site. Therefore we
applied the chorion to the wound sur-
face of all full-thickness wounds. Co-
locho and colleagues14 showed con-
clusively that no vascularization oc-
curs when the amnion is applied to
the wound. Therefore in partial-
thickness defects, for which vascular-
ization is not desirable, we placed the
amnion against the wound surface.
This provided wound coverage, and
the membrane dessicated spontane-
ously when epithelialization was com-
plete.

All biologic dressings currently
used (cadaver skin allograft, pigskin
xenograft and human amniotic mem-
brane) serve specific functions:
* Reduction of bacterial conta-

mination and prevention of further
contamination.
* Reduction of fluid, protein,

heat and energy loss.
* Reduction of pain.
* Promotion of healing.
* Protection of underlying struc-

tures.
* Increase in mobility.
* Prediction of tissue viability

when such is initially questionable.
* Preparation of full-thickness

defects and recipient sites for auto-
grafting or delayed closure.
* Psychologic improvement in

the patient.
Cadaver skin allograft and pigskin
xenograft have certain disadvantages
compared with human amniotic
membrane. Cadaver skin is difficult
to obtain; legal problems and the ex-
clusion of cadavers with a history of
malignant disease, hepatitis or syphi-
lis are further difficulties. Personnel
must be available at all times to pro-
cure the skin in a sterile manner,
usually in the operating room. Bax-
ter19 estimated that the cost of har-

vesting the skin of one cadaver was
$225 and that it required, on the
average, 6 hours of physicians' time.
Pigskin is commercially available but
costs approximately $280/in1. Wood
and Hale20 have estimated the cost
of pigskin dressings in an adult with
burns of 44% of his body surface
to be $219/d. Both allograft and
xenograft skin dressings are limited
in size and shape. Human amniotic
membrane is readily available and
freely obtainable, and may be large.
One of the main benefits of wound

coverage with a biologic dressing is
prevention of contamination and re-
duction of infection. Eade" showed
that in burns, granulation tissue is
always heavily contaminated With
organisms; coverage with fresh viable
or preserved nonviable autograft or
allograft permitted granulation tissue
to destroy contained organisms rapid-
ly. Morris, Bondoc and BurkeU be-
lieved that this antibacterial effect lay
in the intimate closure of the open
wound provided by the biologic
dressing, which prevented further
bacterial contamination and allowed
the host's defence mechanisms to
deal with the infection effectively.
Larson.' found that the decrease in
the count of bacteria paralleled the
rapid increase in the count of leuko-
cytes beneath the graft. This was
confirmed by Saymen and col-
leagues,'. who showed that in un-
covered infected rat wounds leuko-
cytes tended to migrate from the
muscle surface to the base, and that
this migration reversed after the ap-
plication of allograft skin. They sug-
gested that this alteration in cell mi-
gration might modify leukocyte func-
.ion and result in greater bactericidal
activity. The reduction in bacterial
contamination and reversal of leuko-
cyte migration did not occur in the
absence of wound coverage. Burleson
and Eiseman.' found that the anti-
bacterial effect of biologic dressings
was related to the adherence to the
underlying wound bed. "Skin that
stuck sterilized." They demonstrated
with pigskin that this adherence was
related to a fibrin-elastin biologic
bond.

Experimentally human amniotic
membrane has proven equal to auto-
graft skin and superior to allograft
and xenograft skin in decreasing bac-
terial counts in open granulating
wounds.10'11 Clinically the ability of
human amniotic membrane to de-

crease bacterial counts was equal to
that of allograft skin and superior to
that of xenograft skin, probably be-
cause of the greater pliability and
adherence of human amniotic mem-
brane with intimate wound closure
and obliteration of dead "In
addition, the mechanical d.bridement
that accompanies frequent membrane
changes allows host resistance factors
in the granulating bed to function at
peak efficiency. The initial take of
membrane to the granulating bed
probably contributes to this salutary
effect since the lack of effectiveness
of xenograft skin in decreasing bac-
terial counts has been related to its
inability to take initially on a granu-
lating wound surface.19 The recent
reduction in the neomycin content of
commercial pigskin has further de-
creased this dressing's effective-
ness.."7

Other mechanisms have been pos-
tulated for the antibacterial properties
of human amniotic membrane. Lyso-
zyme, a bactericidal protein, is pre-
sent in high concentration in human
amniotic membrane, and progeste-
rone, which is bacteriostatic for cer-
tain gram-positive organisms, is also
present.28 Allantoin is present as well
(C.W. Brigden, personal communica-
tion, 1977). Indeed, the beneficial
effect of maggots on contaminated
wounds has been considered to be
due to their excretion of allantoin.

Skin graft survival and successful
closure of a contaminated wound by
suture or skin graft have been shown
to correlate accurately with a wound
concentration of 10' or fewer bac-
teria per gram of tissue, except for
/3-hemolytic streptococci, whose con-
centration must be lower for success-
ful grafting or wound closure.19'29
Allograft take has been found to cor-
relate accurately with a wound con-
centration of 10' bacteria per gram
of tissue, and this forms the basis of
the allograft test. In this way the
previous subjective evaluation of
wound readiness for grafting or de-
layed closure has been replaced by
objective allograft testing of the
wound surface. Take of human am-
niotic membrane to the wound sur-
face invariably predicts successful
autograft take or wound closure. This
has particular application in the man-
agement of contaminated, infected
and burn wounds and chronic skin
ulcers. Delineation of areas of dead
tissue to limit the extent of d6bride-
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ment is especially important in hand
and face injuries, wringer injuries
and wounds caused by gunshot or
other high-velocity projectiles, in
which excessive d6bridement can
severely restrict function and result
in cosmetic deficiency.30

Promotion of healing following
wound coverage with a biologic
dressing has been reported by many
authors.31-34 In rabbits, wound heal-
ing was accelerated after the applica-
tion of human amniotic membrane:
the repair process started earlier, the
migration of fibroblasts and the de-
velopment of collagen were hastened
during the first 6 to 8 days of heal-
ing, and epithelialization occurred
sooner. . In addition, allograft skin
seems to have an organizational ef-
fect on the healing wound:22 second-
degree burns not covered by allograft
showed edema and inflammation in
the dermis, with disorganization of
normal maturation and loss of cell
polarity, whereas in wounds covered
by allograft the epidermis showed
normal structure with a recognizable
basal layer and a normal-appearing
collagen layer in the dermis.36 Hyper-
trophic scarring and keloid formation
seem to be prevented in this way.
We did not use human amniotic

membrane for split-thickness skin
graft donor sites, which heal rapidly
with routinely used dressings and
rarely pose a problem clinically.

Conclusions

Human amniotic membrane was
used successfully as a temporary bio-
logic dressing for various wounds in
120 patients. The membrane is easily
obtained, at little or no cost. It pro-
vides excellent wound coverage and
has distinct advantages compared
with other biologic dressings.
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