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ABSTRACT

The association of junctional epidermolysis
bullosa with pyloric atresia (JEB-PA) and aplasia
cutis congenita (ACC) was described by El Shafie
et al. (J Pediatr Surg 14(4):446–449, 1979) and
Carmi et al. (Am J Med Genet 11:319–328,
1982). Most patients die in the first weeks of life,
and no curative treatment options are available

so far. We describe a patient with JEB-PA and
ACC (OMIM # 226730) who was treated for
extensive areas of ACC by Integra�-Dermal
Regeneration Template and split-thickness skin
grafting (STSG). Clinically, the dermal template
changed into well-vascularized neodermis, and
after STSG, full take of the transplants was
detected. No infections of the huge ACC areas
were seen. Further studies must validate this
treatment option in severe and acute cases of
JEB-PA with ACC. Based on clinical findings, we
postulate that placement of Integra�-Dermal
Regeneration Template with STSG could be a
new treatment option for patients having JEB-
PA with ACC to prevent severe infection, com-
partment-syndrome-like conditions, and defor-
mities. Based on literature findings, we assume
that Integra�-Dermal Regeneration Template
with STSG could even be able to prevent new
blistering and thereby be a treatment option in
cases of ACC and JEB.
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INTRODUCTION

Coappearance of junctional epidermolysis bul-
losa (JEB) with congenital gastrointestinal atre-
sia, most frequently pyloric atresia (PA), and
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aplasia cutis congenita (ACC) represents a dis-
ease pattern that is often described as Carmi
syndrome. It follows an autosomal recessive
pattern of inheritance [1, 3, 5].

Pyloric atresia has incidence of less than 1 in
100,000 live births and accounts for less than
1 % of all gastrointestinal atresia, but is well
understood.

ACC is a rare clinical manifestation com-
prising a heterogeneous group of disorders that
can be associated with different subtypes of JEB
and a number of malformation syndromes. It
frequently presents on the extremities and the
scalp with the clinical finding of complete
absence of skin. The overall incidence of ACC is
stated as 1 in 3000 newborns [9, 15, 18, 21].
Genetic studies have revealed a couple of genes
that may play a crucial role in skin morpho-
genesis, and mutations in corresponding gene
regions may result in overlapping and similar
skin defects as seen in ACC [15].

Epidermolysis bullosa (EB) is a heteroge-
neous group of skin fragility syndromes with
the diagnostic hallmark of blistering and ero-
sions of the skin. The incidence of inherited
junctional forms of EB has been calculated at
2.04–19.60 per 1 million live births [7, 21].

The most common classification divides EB
into four categories depending on the side of
tissue separation within the cutaneous base-
ment membrane zone [8]. It is now known that
mutations in at least 19 different genes expres-
sed within the cutaneous basement membrane
zone underlie the classic forms of EB. In JEB-PA,
expression of a6b4 integrin is reduced or com-
pletely absent. The a6b4–plectin interaction is
of great importance, acting as an initiation step
in assembly of hemidesmosomes [19, 23].
ITGA6 and ITGB4 are the encoding genes [5]. To
date, there are no established cures for any
subtype of EB, with only treatment options to
prevent infection and treat chronic wounds
having been described. Genetic therapies are
the focus for future therapy but are not yet
ready to apply. Current therapies focus on
symptomatic treatment [24]. Living-cell-based
wound dressings such as Apligraf (Organogen-
esis, Canton, MA) and Dermagraft (Shire
Regenerative Medicine, La Jolla, CA) have been
proved to be effective in adults, especially for

correction of contractions and treatment of
chronic wounds, but are expensive and need
special treatment ahead of application. Instead,
various types of collagen-containing and acel-
lular wound dressings such as Integra� have
been used successfully to improve healing of
chronic wounds in EB and also in treatment of
ACC, but have not yet been assessed in a formal
clinical trial [11]. Integra�, a bilayer artificial
skin, is a completely noncellular artificial
matrix. The outer silicone layer simulates the
epidermis, serving to control moisture loss and
prevent invasion by microorganisms. The inner
layer is a three-dimensional porous matrix of
cross-linked collagen and glycosaminoglycan of
bovine origin that acts as a dermal regeneration
template. Following migration of endothelial
cells and fibroblasts, this results in formation of
neodermis that, histologically and functionally,
is very similar to normal dermis. Other benefits
of Integra� include minimal pain and discom-
fort, favorable scarring, and the ability to cover
lesions without sacrificing tissues surrounding
the wound. A second surgical procedure is
necessary for removal of the silicone layer and
split-thickness skin grafting. This is often done
after three to four weeks with thin autografts
(STSG, not meshed) [10]. Long-term results for
treatment of EB and ACC with Integra� and
with Integra� following skin transplantation are
pending.

CLINICAL COURSE
AND TREATMENT STRATEGIES

We report a female preterm newborn with
generalized junctional epidermolysis bullosa
(JEB) and pyloric atresia (PA) together with
aplasia cutis congenita (ACC) (Fig. 1). Informed
consent was obtained from the participant’s
parents for inclusion in the study. The baby was
born with weight of 1780 g from consan-
guineous parents at 34 weeks of gestational age.
Prenatal laboratory tests were unremarkable.
The parents were consanguine (first cousins)
and had one healthy child. Two children of a
grandaunt died with congenital skin defects not
further described. Prenatal ultrasound revealed
upper gastrointestinal atresia, most likely
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duodenal or pyloric atresia. Cesarean section
was carried out because of premature labor and
pelvic presentation of the child. At delivery, the
neonate presented numerous erosions and tense
bullae over the face and trunk. Aplasia cutis
congenita was located circularly over the neck,
left forearm and hand, left knee, and right lower
leg and foot (Fig. 2). Nails, eyelashes, and scalp

hair were of normal appearance; Abdominal
X-rays demonstrated paucity of bowel gas sus-
picious for pyloric atresia, which was confirmed
at surgical repair.

Surgical repair of PA was performed by open
gastroduodenostomy on day 2. To avoid an
additional burden of repeated operations, ACC
was treated by tangential excision with removal

Fig. 1 Initial presentation with junctional epidermolysis bullosa (JEB), pyloric atresia (PA), and aplasia cutis congenital
(ACC)

Fig. 2 Tangential excision of ACC membranes and placement of Integra� on left knee and right leg
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of the membranous ACC at the same time due
to concerns that the circumferential involve-
ment of the neck could cause perfusion restric-
tion of the head due to compression of cervical
vessels. Furthermore, there was concern that,
due to the circumferential involvement of the
arm and leg, a compartment-like syndrome
could arise. In addition, deformities due to the
more rigid and nonflexible membrane on the
arm and leg should have been corrected. To
avoid subsequent infection, the wound surface
was reduced by covering with Integra�-Dermal
Regeneration Template as bilayer membrane
(Fig. 2). Skin biopsies taken during the surgery
for PA and ACC confirmed presence of a junc-
tional cleavage plane. Immunohistochemistry
showed normal expression of type VII collagen,
but total loss of b4 and a6 integrin all along the
skin basement membrane zone (Fig. 3), and
transmission electron microscopy showed
defective hemidesmosomes within the basal
layer (Fig. 4). These findings proved the diag-
nosis of junctional epidermolysis bullosa.

The postoperative clinical course was
uneventful. Major blistering of other areas
could be avoided due to a gentle care handling
policy. The Integra�-Dermal Regeneration
Template clinically converted to sufficient
neodermis, shown by the typical color change.
There were neither lesions in the neodermis nor
infections or areas with insufficient neovascu-
larization. After removal of the silicone sheet on
day 36, split-thickness skin grafting (0.1 mm,
sheet graft, not meshed) was performed, start-
ing with the neck and left knee (Fig. 5). The left
thigh and lower leg served as the donor site.
Skin grafts showed complete take clinically, and
all grafted areas showed no signs of local infec-
tion on day 41. Transmission electron micro-
scopy still showed defective hemidesmosomes
in transplanted areas after transplantation,
consistent with the underlying disease.

In follow-up, the child demonstrated wide-
spread blistering but not in the transplanted
areas. Three days postoperative STSG, the child
deteriorated quickly. Signs of infection of the
grafted areas or the remaining Integra�-covered
areas were not seen (Fig. 6), nor were signs of
systemic infection or septicemia. On day 41, the
child died of right heart failure after intensive

therapy, clinically hypothesized to be a conse-
quence of a pulmonary embolism. The parents
refused further examination and autopsy.

DISCUSSION

The diagnosis of Carmi syndrome was made
based on clinical signs and histomorphological
investigation with detection of total loss of a6-
and b4-integrins within the basal layer (Fig. 3).
Furthermore, detection of defective
hemidesmosomes on transmission electron
microscopy (TEM) confirmed the suspected
diagnosis. Since the parents denied genetic
analysis of ITGA6 and ITGB4 genes, we could
not prove the presumptive mutation after
immunohistochemistry [22].

The PA was corrected successfully on day 2
with uneventful gastrointestinal follow-up.

Postnatally, the ACC circumferentially
affected areas at the left forearm and hand and
right lower leg, foot, and neck already showed a
deformed, contractive appearance. In the
majority of cases, areas of ACC heal sponta-
neously [20]. While rebuilding into scar tissue,
ACC membranes may become dry and shrink,
similar to burn eschar [4]. This can cause com-
partment-like conditions in circumferential
areas, as seen also in burns [2]. Because of the
already developing deformity (Fig. 1), the
impending risk of a compartment syndrome,
the risk of perfusion restriction of the head, and
concern regarding severe infections in areas of
ACC, the decision was taken for early surgical
intervention. The membranes were removed,
and after tangential excision, Integra�-Dermal
Regeneration Template was applied to cover the
defects. After good vascularization of the neo-
dermis, STSG was performed without any com-
plications. Despite the known JEB, harvesting
the grafts from the left leg could be done

Fig. 3 Immunofluorescence antigen mapping performed
on skin sections from a healthy control (Co) and our
patient. Confocal microscopy was used for visualization.
Integrin-a6, integrin-b4, and collagen VII appear in green.
Positions of blisters are depicted by a cross, and nuclei
appear in blue. Scale bars 1/4 100 mm

c
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without difficulties and no further blistering
occurred during handling of the tissue. Clinical
examination showed no local signs of infection
at the skin-grafted areas, with a very sufficient
take (Fig. 6).

Earlier publications demonstrated successful
use of full-thickness skin grafts in finger recon-
struction for dystrophic EB [13]. Although some
studies postulate that tissue modeling after
Integra� with STSG is quite similar to original
skin, histological analyses in other studies
indicated that the long-term rearrangement of
collagen fibers in transplanted areas resembles
the patterning of scar tissue [14, 16]. Consider-
ing these statements, we hoped to influence the
clinical appearance of JEB in the grafted areas
whilst treating the ACC. Unfortunately, speci-
men of our patient could not proof this theory.
It must be mentioned that the patient died only
4 days after STSG and that biopsies were taken
post mortem.

Recent publications state a scarring pattern
in collagen filaments after Integra� and STSG,
thus leading to the assumption that, by dermal
scarring, the lack of hemidesmosomes could be
compensated by replacement with collagen

fibers. We think that this process could stabilize
the basement layer and thereby prevent blis-
tering in the grafted areas. Complete remodel-
ing of the skin is normally seen after 3–4 weeks
posttransplantation [17]. The patient died after
41 days of life and 4 days after skin graft, so
further clinical follow-up was not possible to
prove the benefit of our treatment strategy for
JEB in this case.

To the best of the authors’ knowledge, this is
the first report of a therapy with Integra�-Der-
mal Regeneration Template and STSG in JEB-PA
and aplasia cutis congenita and the first attempt
to illustrate the local benefit of the treated areas
regarding JEB. We think that blistering could be
avoided after dermal restructuring by scaring
modulation with collagen fibers at the basal
layer and that Integra� with autologous split-
thickness skin grafting could be used for local
treatment of JEB in children in special cases. An
animal study has been started to verify the
influence of our treatment on JEB.

How useful skin transplantation could be in
diseases affecting the whole integument must
be discussed critically. Modern gene therapy
methods seem to be promising as future therapy

Fig. 4 Ultramicroscopy showing blistering and a basal-
layer with single hemidesmosomes before and after skin
transplantation. HD hemidesmosomes, Afs actin filaments

a basal-layer before Integra� and Skingraft Transplanta-
tion; b basal-layer 41 days after Integra� and split
thickness skin grafting
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models, as already published by Hirsch et al.
[12]. However, genetic therapies are still highly
experimental with just single cases treated,
limited to large centers with gene therapy lab-
oratories, and the costs are very high. In con-
trast, surgical strategies such as that presented
herein are easier to perform and far less cost
intensive.

CONCLUSIONS

In cases of JEB-PA where ACC is present, use of
Integra� and autograft could be a good solution
to improve healing and avoid scarring with
deformities.

Fig. 5 Clinical course: a Integra� layer on day 6, b well-vascularized Integra�, partially covered with a split-thickness skin
graft, c grafted left knee (donor sites left thigh and left lower leg)

Fig. 6 Clinically good take on day 4 after split-thickness
skin grafting
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