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ABSTRACT. Objective. Toxic epidermal necrolysis
(TEN) is an acute inflammatory systemic condition that
involves injury not just to the skin. Historically, it has
been associated with a high mortality but few long-term
consequences among survivors. With improved survival,
long-term consequences may be becoming more appar-
ent. The objective of this study was to define these long-
term consequences and their frequency.

Methods. From July 1, 1991, to June 30, 2000, 11 chil-
dren with severe TEN were referred to a regional pedi-
atric burn facility. Wounds were managed with a strategy
involving prevention of wound desiccation and superin-
fection, including the frequent use of biological wound
coverings. All children survived and have been followed
in the burn clinic. The records of all children were re-
viewed in detail.

Results. Two boys and 9 girls with an average age of
7.2 � 1.8 years (range: 6 months–15 years) and sloughed
surface area of 76 � 6% of the body surface (range:
50%–95%) were admitted to the burn unit for care. Anti-
biotics (3 children), anticonvulsants (4 children), nonste-
roidals (2 children), and viral syndrome or unknown
agents (2 children) were believed to have triggered the
syndrome. Six (55%) children required intubation for an
average of 9.7 � 1.8 days (range: 2–14 days). Mucosal
involvement occurred in 10 (91%) and ocular involve-
ment in 10 (91%). Lengths of stay averaged 19 � 3 days
(range: 6–40 days). Overall follow-up averaged 14 � 13
months. Three children had no apparent long-term con-
sequences of the disease and were referred to primary
care follow-up after the 2-month burn clinic visit. The
remaining children had follow-up averaging 23 � 13
months. The most common long-term morbidity in-
volved eyes (3 children [27%]), nails (4 children [36%]),
and variegated skin depigmentation (all children). One
child developed vaginal stenosis from mucosal inflam-
mation. No esophageal strictures or recurrent TEN has
been diagnosed.

Conclusions. Survival has improved in children with
TEN, but long-term sequelae are not infrequent. The
most common long-term consequences involve the eyes,
the skin, and the nails. Pediatrics 2002;109:74–78;

Stevens-Johnson syndrome, toxic epidermal necrolysis,
burns.

ABBREVIATIONS. TEN, toxic epidermal necrolysis; SJS, Stevens-
Johnson syndrome; IVIG, intravenous immunoglobulin prepara-
tions.

Toxic epidermal necrolysis (TEN) is an acute
inflammatory systemic condition that involves
injury to the skin, mucous membrane, and

sometimes bowel and respiratory epithelium. The
syndrome was first clearly described by Lyell in
19561,2 and is now believed to represent the most
severe form of a disease spectrum beginning with
Stevens-Johnson syndrome (SJS).3–5 In SJS, mucous
membranes are characteristically denuded. Some
children with SJS have macular skin lesions as well,
usually involving �30% of the body surface. In TEN,
both skin and mucous membranes are denuded, in-
volvement of �30% of the body surface is character-
istic,6 and mucosal surface involvement may extend
into the respiratory and gastrointestinal tracts. Pa-
tients with TEN can therefore be considered as hav-
ing both a cutaneous and a visceral wound. The
morbidity and mortality of the condition is as related
to involvement of visceral surfaces as it is to that of
the cutaneous wound.

Although there are no large exclusively pediatric
data sets, patients with TEN are generally reported
to have a mortality as high as 70%7; death usually
results from sepsis or organ failure. During the past
several years, these children have been increasingly
referred to burn units, as their needs are similar to
those of children with extensive burns: wound care
and support of failing organ systems. This shift has
resulted in enhanced survival.8–10 Although it was
believed that there were few long-term sequelae in
survivors of TEN, with improved survival, long-term
consequences are becoming more apparent.

METHODS
A review was conducted of all children who were admitted to

a regional pediatric burn facility from July 1, 1991, to June 30, 2000.
During this time, 11 children with TEN were admitted for care.
Inpatient charts were reviewed for acute outcome, and outpatient
charts were reviewed for long-term outcome. Permission for the
review was granted by the Institutional Human Studies Commit-
tee, and the need for consent was waived.

Children were treated in a standard manner. Wounds were
managed with a strategy involving prevention of wound desicca-
tion and superinfection. The topical agent of choice was aqueous
0.5% silver nitrate soaks and dressings changed daily and wetted
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every 2 hours. Shortly after the child’s admission, wounds were
gently cleansed and loose necrotic epithelium was removed. This
was generally done under conscious sedation and was often com-
bined with central venous catheter and feeding tube placement
and intubation if required. Dermatologic and ophthalmologic con-
sultations were routinely obtained, and skin biopsy was done.
Clean confluent wounds, particularly on anterior torso and ex-
tremities, were commonly covered with a biological dressing,
typically porcine xenograft (Brennan Medical, St Louis, MO).
When the airway was compromised by sloughed mucosa and
bleeding or if respiratory failure developed, children were intu-
bated. Vascular access was via the central route. Nutrition was
administered by gastric tube feedings. During periods of enteral
feeding intolerance, generally associated with sepsis, parenteral
nutrition was administered. Antibiotics were used to manage
specific foci of infection only, and steroids were not administered.
Central venous catheters were changed every week to minimize
the occurrence of catheter infections in these children with large
open wounds.11,12 Pain and anxiety were managed with infusions
of morphine sulfate and midazolam, according to our unit rou-
tine.13 Data are reported as mean � standard error of the mean.
All children survived and have been followed in the burn clinic.

RESULTS
Two boys and 9 girls with an average age of 7.2 �

1.8 years (range: 6 months–15 years) were admitted

to the burn unit for care. The surface area of open
wound averaged 76 � 6% of the body surface (range:
50%–95%). Triggering agents for the syndrome were
routinely sought via conversations with referring fa-
cilities and with parents. Potential triggering agents
included antibiotics (3 children: 1 amoxicillin, 2
erythromycin), anticonvulsants (4 children: 1 dilan-
tin, 1 phenobarbital, 2 Tegretol), nonsteroidals (2
children: both ibuprofen), and viral syndrome or
unknown agents (2 children). This drug list is con-
sistent with other reports.

Endotrachael intubation and mechanical ventila-
tion were required for 6 (57%) of the children for an
average of 9.7 � 1.8 days (range: 2–14 days). Involve-
ment of mucosal surfaces, including the mouth, hy-
popharynx, esophagus, rectum, and vagina, was
common, being documented in 10 children (91%).
Involvement of the conjunctival surfaces was also
common and was documented in 10 children (91%).
All children survived, with lengths of stay averaging
19 � 3 (range: 6–40) days.

Infectious complications were common during

Fig 1. Eye complications were most
worrisome. A, Impaired tear production
and loss of lashes were seen in 20% of
the children. B, Metaplasia of the con-
junctiva was seen in 2 children.
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acute care of these children. Five infectious compli-
cations were present at admission in 3 children
(30%): 1 bacteremia, 2 pneumonias, and 2 urinary
tract infections. Infections that developed in the burn
unit included pneumonia in 2 children (18%), uri-
nary tract infection in 2 (18%), bacteremia in 1 (9%),
central line infections in 2 (18%), and candidemia in
2 (18%). Parenteral feeding was required at some
time during hospitalization in 5 children (45%): for
transient enteral feeding intolerance secondary to
sepsis or presumed gastrointestinal tract involve-
ment in 4 children and for management of pancre-
atitis in 1 child. All children (100%) survived after
lengths of stay in the burn unit averaging 19 � 3 days
(range: 6–40 days).

All children were followed in the burn multidisci-
plinary clinic. Overall follow-up averaged 14 � 13
months. Three children had no apparent long-term
consequences of the disease and were referred to
primary care follow-up after the 2-month burn clinic
visit. The remaining children had follow-up in the
multidisciplinary burn clinic averaging 23 � 13
months.

Ophthalmic morbidity was seen in 3 children
(27%). These complications included impaired tear
production and drainage, aberrant lashes, and dry
eye syndrome in all 3 children. Metaplasia of the
conjunctiva was noted in 2 children (18%; Fig 1).

Changes in skin pigmentation were seen in all
children. These consisted of scattered areas of depig-
mented skin that had no relationship to sun exposure
(Fig 2). Only 1 child developed any hypertrophic
scarring, consistent with the superficial nature of the
primary lesion. These mild hypertrophic changes
may have been related to protracted supine position-
ing on open dermis.

Finger and toe nail deformities were also common,
although usually minimally symptomatic. These
children lost their fingernails toward the end of their
hospital stay or in the first few weeks after discharge.
The nails that then grew were deformed in shape
(Fig 3). These changes were seen in 4 children (36%)
and were usually preceded by swelling and ery-
thema at the nail margin in the acute phase (Fig 3A).

One child (9%) developed vaginal stenosis from
mucosal inflammation. No esophageal strictures or
recurrent TEN has been diagnosed.

DISCUSSION
The pathophysiology of TEN remains unknown

but is generally assumed to be an autoimmune phe-
nomenon triggered by drug intake or viral syn-
drome. The pathophysiology includes a separation
of the epidermis at the dermal-epidermal junction of
both skin and extracutaneous epithelium and mu-
cous membranes. This results in both a cutaneous
and a visceral wound of variable and often unrelated
extent. The cutaneous lesions in patients with TEN
often begin as a burning or painful eruption on the
face, trunk, and proximal upper extremities that then
spreads to the entire body.5 The appearance of a
sheet-like loss of epidermis over large confluent ar-
eas is a distinctive characteristic of TEN.14 Nikolsky’s
sign, which describes detachment of the full-thick-

ness epidermis when light pressure is applied with
the examining finger, is seen in most children. The
cutaneous wound is similar to a second-degree burn
and is associated with fluid loss, evaporative heat
loss, and pain. Although the diagnosis is readily
made on clinical examination, an extensive cutane-
ous wound with conjunctival and mucous mem-
brane involvement being a unique combination, skin
biopsy can be useful in equivocal cases.15–17 Biopsy
of active lesions will reveal a separation at the der-
mal-epidermal junction.18 Although it is impossible
to predict the severity of the disease early in its
presentation, children who had a more rapid pro-
gression (1 or 2 days) to a large cutaneous wound
(�50%) and early (first few days) involvement of the
eyes and mouth seemed to have longer and more
complex hospital stays.

It has been suggested that this disease process is,
in large part, immunologically mediated.19 The the-
ory is that some form of therapy directed at this
cause may be of value, and this contention is sup-
ported by small clinical trials with intravenous im-
munoglobulin preparations (IVIG).20,21 One child in
this series was treated empirically with IVIG, but at
present, data are not sufficient to support this as
routine clinical practice. The course of this child’s
disease was not clearly different from what would
have been expected without IVIG treatment. Steroids
have been advocated for TEN management in the

Fig 2. Variegated pigment changes of the skin were very com-
mon.
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past, but the weight of clinical opinion does not
support their use.18,22 Plasma exchange also has not
proved to be of any benefit.23

The visceral wound, resulting from extensive areas
of denuded oropharyngeal, gastrointestinal, and tra-
cheobronchial mucosa, varies in extent from minimal
to severe, but some degree of mucous membrane and
conjunctival involvement is seen in virtually all chil-
dren.24 These wounds seem to be associated with the
greatest early mortality and long-term morbidity.
Particularly problematic is involvement of the larynx
and tracheobronchial tree, which is commonly asso-
ciated with airway compromise and progressive re-
spiratory failure.25–30 Gastrointestinal involvement is
seen in the mouth, the esophagus, and even the small
bowel and colon,31,32 with both obstruction and per-
foration reported as complications. We have not
screened for esophageal strictures with radiographs,
but no child has demonstrated symptoms suggestive
of this problem during the follow-up interval. Vul-
vovaginal involvement has been reported with vari-
able degrees of stenosis as a result.33 However, the
most severe long-term sequela may involve the eyes.

Acute ocular complications of TEN include bacte-
rial conjunctivitis, suppurative keratitis, or endoph-
thalmitis. Conjunctival involvement must be recog-
nized early and treated with frequent eye lubrication
to prevent desiccation and superinfection of the de-
nuded cornea. The deepithelialized surfaces of the
lid and globe will form fibrinous attachments that
will become dense if not broken up regularly with a
glass rod or heavily lubricated sterile cotton-tipped
applicator. The active involvement of an experienced
ophthalmologic consultant is important in the care of
these children.34 Anticipation and management of
the long-term ocular complications seen in such chil-
dren also require experienced ophthalmologic sup-
port. Late complications include impaired tear pro-
duction and drainage, aberrant lashes, and
metaplasia of the conjunctiva (Fig 1).35–38 These phe-
nomena are inflammatory in nature and will respond

to the cautious use of ophthalmic steroid prepara-
tions and vigorous lubrication programs. Although
there are no data on the efficacy of these measures in
reducing long-term eye complications, it seems log-
ical that good lubrication is essential, given that un-
lubricated globes in children with thermal burns of
the eye will predictably develop corneal ulceration
and globe rupture. On rare occasion, corneal trans-
plantation may be required, although such has not
yet been the case with the children reported here.

All children demonstrated late depigmentation
changes of the skin to some degree. These tended to
be more pronounced in children with more pig-
mented uninjured skin. The pigmentation tended to
fade with time but did not completely disappear
during the follow-up interval and in most children
was expected to be permanent. No child required
skin grafting. Although it has been reported,39 only 1
child in our series developed hypertrophic changes
in a localized area of the upper back.

Nail deformities were surprisingly frequent in this
group. Although they were generally not painful or
associated with significant functional disability, they
were universally believed to be significantly un-
sightly. Those who developed nail deformities usu-
ally had obvious inflammation of the nail beds dur-
ing the acute phase of their illness (Fig 3).

Although prone to infectious complications, most
children with TEN can now be expected to survive if
treated with a strategy that emphasizes biological
wound closure, intensive nutritional support, and
early detection and treatment of septic foci. This care
can be provided ideally with the resource set unique
to burn units.10 However, survivors are at risk for a
number of significant long-term sequelae and should
be followed, ideally in a multidisciplinary burn clinic
setting.
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Fig 3. A, Intense inflammation of the
nail beds was seen in children who
went on to develop nail deformities. B,
Nail deformities were seen in 20% of
the children.
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HOME MONITORS: KNOCK IT OFF

“. . . Physicians who frequently discharge preterm infants with apnea monitors
should reevaluate their practice, because no benefit has been demonstrated.”

J Pediatr. 2001;139:4A

—Submitted by Alan H. Jobe, MD, PhD
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