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STEVENS-JOHNSON SYNDROME AND TOXIC
EPIDERMAL NECROLYSIS

Stevens-Johnson syndrome and toxic epidermal ne­
crolysis are two related mucocutaneous disorders with

RECOGNITION

Drug eruptions are most often morbilliform or ex­
anthematous (Fig. 1).'·7 They usually fade in a few
days but may worsen. In rare instances in which no
alternative therapy is available, a drug may be contin­
ued in spite of a morbilliform eruption. Unfortu­
nately, a morbilliform eruption is often the initial
presentation of more serious reactions including toxic
epidermal necrolysis, hypersensitivity syndrome, and
serum sickness, Table 2 lists clinical features that
should alert the physician that a reaction is serious,
When a drug reaction is suspected, the presence of
urticaria, blisters, mucosal involvement, facial edema,
u~ers, palpable or extensive purpura, fever, or lym­
phadenopathy almost always necessitates discontin­
uation of the drug.

Several algorithms have been proposed for the as­
sessment of adverse drug reactions,10.12 but none have
proved to be both sensitive and specific. The following
criteria and Tables I and 3 provide guidelines for for­
mulating a differential diagnosis. First, alternative
causes should be excluded, especially infections, sin~e

many infectious illnesses are difficult to distinguish
clinically from the adverse effects of drugs used to
treat infections. Second, the interval between the in­
troduction of a dru~d the onset of a reaction should
be examined. Third, any improvemern after drug
withdrawal should be noted. Fourth, the physician
should determine whether similar reactions have been
associated with the same compound. Fifth, any reac­
tion on readministration of the drug should be noted.

A skin biopsy is often critical for an accurate diag­
nosis, but biopsy does not help in establishing whether
the disease is drug-induced. In vivo tests include read­
ministration of the drug (rechallenge) and skin tests.
Reactions after rechallenge may be worse, Rechal­
lenge should not be performed after a serious reaction.

Skin tests and in vitro tests (such as the radioaller­
gosorbent test) help diagnose IgE-mediated type I.
hypersensitivity reactions, especially to penicillin. 13 In
other types of eruptions, skin testing has low sensitiv­
ity and specificity.14 In vitro testing of cellular prolif­
erative responses to drugs is usually not helpful. l

;

Although still investigational, in vitro studies of en­
hanced toxic effects of drugs or drug metabolites on
cells may someday aid in the diagnosis and under­
standing of the pathogenesis of some types of reac­
tions, Ib, 17

Table I presents the key clinical features of the re­
actions we shall discuss.
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A LTHOUGH the rate of acute severe adverse cuta­
1"""\. neous reactions to medications is low, these reac­
tions can affect anyone who takes medications and can
result in death or disability. 1 Even a small number of
cases associated with a particular drug may alter the
recommendations for its use.2-4 Prompt differentiation
of severe adverse cutaneous reactions from less serious
skin disorders may be difficult. Rapid recognition of
severe reactions is essential. Prompt withdrawal of the
offending drug is 'often the most important action to
minimize morbidity.

Adverse cutaneous reactions to drugs are frequent,
affecting 2 to 3 percent of hospitalized patients.' Many
commonly used drugs have reaction rates above I per­
cent.' Fortunately, most adverse cutaneous reactions
are not severe, and few are fatal.

Complications of drug therapy are the most com­
mon type of adverse event in hospitalized patients,
accounting for 19 percent of such events.b Cutaneous
or allergic reactions to drugs are responsible for ap­
proximately 3 percent of all disabling injuries during
hospitalization.b The reported percentage of cutane­
ous drug reactions that physicians diagnose as poten­
tially serious varies greatly but is probably about
2 percent,,8 We estimate that about I of every 1000
hospitalized patients has a serious cutaneous drug re­
action. Each year thousands of outpatients have cuta­
neous reactions that may result in substantial morbid­
itv or death unless promptly recognized and treated.
:\ot all serious adverse reactions to drugs with a
prominent cutaneous component develop rapidly, For
example, the distinctive cutaneous changes of eosino­
philia-myalgia syndrome cause great morbidity but
usually occur after prolonged exposureY

In this article, we shall emphasize the clinical rec­
ognition, epidemiology, pathophysiology, and treat­
m("n( of acute, serious cutaneous adverse reactions,
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Pain in affected areas

Respiratory distress.' cardio­
vascular collapse'

30- 50% of cases involve fever.
lymphadenopathy. hepatitis.'
nephritis.' carditis.' eosino­
philia. atypical lymphocytes

30-50% of cases involve the
gastrointestinal traet.· neu­
ritis. fever. glomerulo­
nephritis'

Fever. arthralgias

10-30% of cases involve fever.
lesions of the respiratory tract'
and gasuoinlestinal tract

Nearly all caSes involve fever.
"acute skin failure ...·t leu­
kopenia. lesions of the respi­
ratory tract' and gastro·
intestinal tract
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Morbillifonn lesions. somelimes with unicaria

Erythema then purpura and necrosis. espe­
cially of fally areas

Unicaria or swelling of central pan of face

Palpable purpura. mosl often on the legs;
nodules; ulcerations; unicaria

Small blisters on dusky purpuric macules or
atypical targets. rare areas of confluence. de­
tachment of 0<; 10% of body-surface area

Individual hisions like those seen in Stevens­
lohnson syndrome, confluent erythema.
outer layer of epidennis separates
readily from basal layer with lateral
pressure,* large sheets of necrotic
epidennis. total detachment of
>30% of body-surface area

Severe exanthematous rash (may become
purpuric). exfoliative dennatitis

Infrequent

Infrequent

Absent

Erosions usually
al ~2 sites

Infrequenl

Often involved

Erosions usually
al ~2 sites

Table 1. Clinical Features of Selected Severe Cutaneous Reactions Olten Induced by Drugs.
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Serum sickness or reactions
:{':> resembling serum
i.:' :. 5ick.ness
,,' AnticoagUlant-induced
I' necrosis
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Figure 1. A Morbilliform Drug Eruption with Numerous Ery1hema·
tous Macules and Papules That Vary in Size and Are

Symmetrically Distributed.
Most lesions are faint, but some may be slightly infiltrated and
resemble urticaria, This exanthematous eruption olten starts on
the trunk, as in this patient. It may also begin on areas subjected

to pressure. The rash may become confluent.

benign course.25 Patients with widely distributed pur­
puric macules and blisters (Fig, 3) and prominent in­
volvement of the trunk and face (Fig. 4) are likely to
have Stevens-Johnson syndrome, which is usually
drug-induced.

Patients may present with a clinical picture of Ste­
vens-Johnson syndrome that evolves to one of toxic
epidermal necrolysis within a' few days. Fever and in­
fluenza-like symptoms unexplained by infectious ill-

cr-

l\'e ,,:, .

Ice fi,:,:'high rates of morbidity and mortality (Table I) .1,18.19

,sh . j .. ;::, Although the nosology and specific diagnostic criteriato. ~ :\&1., .. for these disorders remain controversial, we believe
in- :, ;Mi;(: .cer~~in clinical features help define these conditions20

ii, ;r )i~:.. :, (Ta~Wd;).
u ~.' .\ : ~ i~~·( ".\ .;.." " "';.0.•.•.~.,

~ 'i',";'-:.,' Clinical Features
, 'T··

:i, ::;':.,1.;, ';, In 1922, Stevens and Johnson described children
d'0/.::;" with febrile erosive stomatitis·, severe ocular involve-
'I,-t'",·

.; <:j;:. ment, and a disseminated cutaneous eruption of dis-
~:::::., crete dark-red macules, sometimes with a necrotic
:).. center. This became known as Stevens-Johnson syn­
i,t" drome. 21 In 1956, Lyell introduced the term "toxic
'.,~:.

epidermal necrolysis" to describe patients with exten-
sive loss of epidermis due to necrosis that leaves the

;,:'i"~ skin surface looking scaldedY In severe cases, Ste­
vens-Johnson syndrome can include extensive areas
of epidermal necrolysis, In most cases of toxic epi­
dermal necrolysis, the discrele red macules typically
seen with Ste\,ens-Johnson syndrome occur around
);Hger necrolytic areas. The similarities belween Ihe
histopathological findings and the drugs responsible
suggest Ihat these two conditions are part of a sin­
gle speclrum. IB ,19,23,24 The term Sle\'ens-Johnson syn­
drome is also frequenlly used as a synonym for erythe-
ma multiforme major, resulting in confusion. In our
opinion, Ihe two are different conditions that are usu­
ally clinically distinguishable 20 Patients with erythe­
ma mulliforme major ha\'e typical target lesions, pre-
dominantly on the extremities (Fig. 2), Erythema
multi forme major usually occurs after infections, espe­
Cially herpes simplex and m\'coplasma. and has a
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Table 3. Factors to Consider in Diaglosa'1g Severe Cutaneous Adverse Reactions and Their Causes.

ness often precede the mucocutaneous Il':>ion; 0i these
, two conditions by one to three days. Burning and
pain occur. Initially, these eruptio~s Jre ;\-rn.mern­
cally distributed on the face and upper lTUIlL areas
that usually remain the most severeh' atTf'ClOO.); The
rash spreads rapidly and is usually 'maximal ...ithin
four days, sometimes within hours. The initial skin

-1bc outer layer of the epidcnnil separatcs. read:i~ =-~"ID :.:
basal layer wi1h laltral pressure.
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HELP'flJL TESTS

Skin biopsy with immuno·
fluorescence testing

Skin biopsy, blood count.
eosinophil count, liver·
function tests

Antinuclear antibodies.
rheumatoid factor

C3 and C4 complement

Protein C deficiency

Platelet count
Specific IgE antibodies for

penicillin allergy

Skin biopsy with immuno­
fluorescence testing

Insect stings, foods

It's ions are usually poorly defined macules with darker
purpuric centers that coalesce (Fig. 5).

Although precise diagnostic boundaries between
the two disorders have not been established, cases
\\ith limited areas of epidermal detachment are usual·
1\ labeled Stevens-Johnson syndrome and those with
t'xtensi\'e detachment toxic epidermal necrolysis. We
dassif\' cases with detachment of less than 10 percent
of the' epidermis as Stevens-Johnson syndrome and
those with more than 30 percent as toxic epidermal
necroh-sis. 20 In cases with detachment of 10 to 30
perce~t of the epidermis we consider the two syn­
dromes to overlap.20 In toxic epidermal necrolysis,
sheet-like loss of epidermis and raised flaccid blis­
ters, which spread with pressure, often occur, and
:\ikolsky's sign (i.e., dislodgment of epidermis by
lateral pressure) is positive on erythematous areas.
With trauma, full-thickness epidermal detachment
(Fig. 6) yields exposed, red, sometimes oozing dermis.
In other areas, pale necrotic epidermis may remain
(Fig. 7).

About 90 percent of patients with each disorder
have mucosal lesions, including painful erosions and
crusts on any surface (Fig. 8).18 Impaired alimenta­
tion, photophobia, and painful micturition often reo
suit. The epithelium of the trachea, bronchi, or gastro­
intestinal tract may be involved. 26.28 Often overlooked, ,;.
these lesions may cause substantial morbidity. About .h
85 percent of patients have conjunctivallesions. t8,29,30'...,
These range from hyperemia to extensive pseudo.':
membrane formation. 29' 31 Synechiae between eyelids "

1-3.t Postinfecrious erythema multi forme
major (especially in the case of
infection with herpes simple~

or mycoplasma)

Tn.c..-.l l'"T!rloU FaOlII

~~OfDll'G

T!!D."" ~ o-.osn ALnJ.H,HIVE CAUSES NOT RELATED

..... Iz.~ TO DRUGS

~-6 .t Cutaneous lymphoma

I-3d

1-3 d Infection, rheumatic diseases. Iym·
phomas

8-1.. cIa).. Infection

5-10 days
A f.... miIIUIrS

to. fC"lO bours

3-5 da~.. Disseminated intravascular coagu-
lopathy, septicemIa
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OJucs MOST QrrL,
RESPONSIBLE

Anticonvulsants. sulf~
mides. allopurinol

Intravenous pro­
teins, j3·1actam
antibiotics

Warfarin

Heparin
Penicillin. cephalosporins.

contrast medium, glafe­
nine. i drugs used in
anesthesia

Nonsteroidal antiinflam·
matory drugs

ACE inhibitors

Clinical findings

Cutaneous
Confluent erythema
Facial edema or central facial in\'o),'<=,
Skin pain
Palpable purpura
Skin necrosis
Blisters or epidermal detachrntnt
Positive Nikolsky's sign'
Mucous-membrane erosions
Unicaria
Swelling of tongue

General
High fever (temperature >40'C)
Enlarged lymph nodes
Anhralgias or anhritis
Shonness of breath. wheezing, hypolCS\."ll

Laboratory results
Eosinophil count> IOOOlmm'
Lymphocytosis with atypical lymphoc~le;

Abnormal results on liver-function tem

Table 2. Clinical and Laboratory =ron;:::
That Should Alert Clinicians ThaI =. : ....c-

Induced Cutaneous Eruptior -
May Be Serious.

DIAGNOSIS

Stevens-johnson syn·
drome

To~ic epidermal ne·
crolysis

Hypersensitivity syn·
drome

• Set' Tilblt 4 for a compltle h~t.

'Stt Table ~ for a complele hst.

:GI.rcnmc I~ 00 )anger mulcled

Angioedema

Drug·induced vas·
culitis

Serum skkness o~ re·
actions resembling
serum sickness

Anticoagulant-induced
necrosis
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Figure 5. Purpuric Macules Typical 01 Stevens-Johnson Syn·
drome.

The macules may coalesce to form blisters .

Figure 4. Widespread Lesions Characteristic of Stevens-John­
son Syndrome.

The lesions are most heavily concentrated on the trunk and proxi·
mal extremities. The darker areas are sites of epidermal necrosis.

Figure 3. Dusky or Purpuric Macules Typical of Stevens-Johnson
Syndrome.

These lesions may develop an overlying blister. They do not have
the three zones of typical target lesions (shown in Fig. 2) and

generally are irregularly shaped and vary in size.

MEDICAL PROGRESSNo. 19

and conjunctiva often occur. Keratitis and corneal
erosions are less frequent. Fever is usually higher in
toxic epidermal necrolysis (temperature, >38°C) than
in Stevens-Johnson syndrome, and asthenia, skin
pain, and anxiety are often extreme.

The complications of toxic epidermal necrolysis
and extensive thermal burns are similar. The severity
is proportional to the extent of skin necrosis. Massive
transepidermal fluid losses (3 to 4 liters daily in adults
with half their body-surface area involved) occur with
associated electrolyt,sLmbalance. 18 Prerenal azotemia
is common. Bacterial colonization of the skin and de­
cre~s~d immune responsiveness increase the likeli­
hood of sepsis. A hypercatabolic state, sometimes with
inhibition of insulin secretion or insulin resistance, is
common. Diffuse interstitial pneumonitis, which may
lead to the adult respiratory distress syndrome, some­
times develops.

Even if the diagnosis of Stevens-Johnson syndrome
or toxic epidermal necrolysis is clinically evident, a
skin biopsy helps confirm the diagnosis, thus usually
excluding bullous diseases not related to drug therapy .
Early on, there is full-thickness epidermal necrosis
and detachment, with an only slightly altered under­
lying dermis (Fig. 6). The use of frozen sections allows
a rapid diagnosis. Immunofluorescence studies only
help exclude other bullous diseases. Anemia and lym­
phopenia are frequent, but eosinophilia is rare. Neu­
tropenia suggests a poor prognosis. 32

The regrowth of epidermis may begin within days
but usually takes about three weeks, the t)'picallength
of the hospitalization. 33 Areas subject to pressure and
periorificial areas often heal las\. Ocular sequelae af­
fect about 35 percent of patients who survive toxic
epidermal necrolysis and a smaller percentage of
those with Slevens-Johnson syndrome. IS 3r, A Sjogren.

Figure 2. Typical Target Lesions of Erythema Multiforme Major.
This case was classified as erythema multiforme major because
of associated mucous-membrane lesions. These target lesions
include three zones: an erythematous or dusky small central pap­
ule that may blister, a raised edematous middle ring, and an

erythematous outer ring.

Vol. 331
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like sicca syndrome with a deficiency of mucin in
tears, inturned eyelashes, proliferation of squamous
metaplasia, and neovascularization of conjunctiva
and cornea, symblepharon, punctate keratitis, and
corneal scarring may develop.30 Persistent photopho­
bia, burning eyes, visual impairment, and even blind­
ness may result. Other possible sequelae include scar­
ring, irregular pigmentation, eruptive nevi, persistent
erosions of the mucous membranes, phimosis, vaginal
synechiae, and abnormal regrowth of nails. IS

Differential Diagnosis

Skin disorders involving desquamation, exfoliation,
or blistering are sometimes misdiagnosed as Stevens­
Johnson syndrome or toxic epidermal necrolysis. Ex­

. . foliative dermatitis is characterized by generalized

Figure 6. Cross Section of Epidermis and Upper Dermis of Nor-
mal Human Skin.

The number' denotes stratum corneum, 2 stratum granulosum.
3 stratum spinosum, 4 basal cells. and 5 dermis. In toxic epider­
mal necrolysis, the necrosis of cells from the basal layer and
stratum spinosum results in detachment of the epidermis from the
dermis. Exfoliative dermatitis is characterized by increased thick­
ness of the stratum corneum. In staphylococcal scalded skin syn­
drome and exanthematous pustulosis, detachment occurs be­
tween the stratum granulosum and the stratum corneum or within

the stratum granulosum (hematoxylin and eosin, x400).

Figure 7. Necrolysis of Skin in Toxic Epidermal Necrolysis.
, Varying degrees of erythema are seen. The wrinkled areas repre­
. sent full-thickness necrosis of the epidermis. This dead skin will

be lost, resuning in superficial skin ulcers.

Figure 8. Ulcerations and Erythema of the Oral Mucous Mem­
branes and Lips Caused by Toxic Epidermal Necrolysis.

These findings can also be seen with erythema multiforme major,
Stevens-Johnson syndrome, and primary bullous diseases such

as pemphigus vulgaris.

erythema and scaling (Fig. 9).34 When the scales sepa­
rate in large sheets, especially on the palms and soles, .
desquamation may be clinically confused with full­
thickness epidermal detachment (Fig. 10).

In infants, staphylococcal scalded skin syndrome·
may resemble toxic epidermal necrolysis. Specific
staphylococcal exotoxins cause extensive subcorneal
separation of the stratum corneum (Fig. 6 and 11).35
Acute exanthematous pustulosis is drug-induced and
resembles pustular psoriasis. 36 The subcorneal aseptic
pustules are usually distinctive and may coalesce to
produce extensive superficial exfoliation (Fig. 12).
The mucous membranes are infrequently involved.
Subcorneal skin ~eparation (Fig. 6) and the absence of
necrosis in both conditions facilitate their pathological
and clinical diagnosis.

Paraneoplastic pemphigus of acute onset may be
confused with toxic epidermal necrolysisY Direct im-
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Figure 10. Superficial Blisters of the Feet Consisting of Sheets of
the Upper Epidermis in a Patient with a Severe Morbilliform

Eruption,
This kind of desquamation, especially on the palms and soles,
should not be confused with the true lull-thickness necrosis of

toxic epidermal necrolysis and Stevens-Johnson syndrome.

about 50 percent of cases) probably reflects the com- .
mon confusion between this syndrome (Fig. 3 and 4)
and erythema multiforme major (Fig. 2).

Drug-induced Stevens-Johnson syndrome and.·
toxic epidermal necrolysis typically begin one to
three weeks after the initiation of therapy but occur
more rapidly with rechallenge. 18 More than 100 differ­
ent compounds have been implicated in both syn- ' .
dromes.3,18,19,33,38-40,42,43 Table 4 lists frequently impli- .
cated drugs. For all drugs, the reported reaction rates.
are relatively low, The drugs with the highest estimat­
edincidence include co-trimoxazole (trimethoprim­
sulfamethoxazole; I to 3 reactipns per 100,000 us­
ers),3,39,40 a long-acting eornllifiation of sulfadoxine
and pyrimethamine (Fansjdar~R; 10 reactions per'
100,000 users)!·23.44 and carbllmazepine (14 reactions
per 100,000 users).45 These estimates, which were:
based on retrospective series or spontaneous reports,
may substantially underestimate the true incidence.

Patients often have underlying diseases. A role for
infection as a cofactor has been postulated, but there is .
little supporting evidence. 43 Conditions that alter im­
munologic function, including systemic lupus erythe­
matosus, may increase risk,iO The HLA phenotype'
BI2 is associated with a threefold increase in risk!?

Toxic epidermal necrolysis has been described in
an animal model of cutaneous acute graft-versus­
host disease (GVHD).48 Toxic epidermal necrolysis .
has developed in humans a few weeks after bone
marrow transplantation!9,50 In transplant recipients.
cutaneous necrolysis is most often related to acute'
GVHD, but in some cases it is drug-induced. 50,51 Ocu­
lar lesions are rare in acute GVHD and frequent!
in drug-induced toxic epidermal necrolysis,18,50.51'
Whether drug-induced or related to acute GVHD, .'
epidermal necrolysis after bone marrow transplanta- .
tion suggests a very poor prognosis!9-51

Figure 9. Exfoliative Dermatitis.
There is widespread, scaling, brawny erythema and desqua­

mation.

Epidemiologic Features

Although infrequent, toxic epidermal necrolysis and
Stevens-Johnson syndrome occur in all ages, all races,
and both sexes, with an incidence ranging from 0.4 to
1.2 and 1.2 to 6 per million person-years, respective­
ly.I,3,19,38.40

Most cases of toxic epidermal necrolysis are drug­
induced. Fewer than 5 percent of patients report no
drug use. 3,19 A strong association with specific medica­
tions is observed in about 80 percent of the cases.
Other occasional reported causes include chemicals,
mycoplasma pneumonia, viral infections, and immu­
nization 41 ,42 That there is a less frequent clear-cut re­
lation of drugs to Stevens-Johnson syndrome (in

Vol. 331 No. 19
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Figure 12. Acute Exanthematous Pustulosis.
Small pustules are seen on erythematous skin. Confluent pus­
tules may produce superticial erosions and sometimes blisters.

Prognosis and Treatment

Mortality rates are below 5 percent for Stevens­
johnson syndrome but about 30 percent for toxic epi­
dermal necrolysis. 18.19 Sepsis is the principal cause of
death. More extensive epidermal detachment, in­
creased age, increased blood urea nitrogen concentra­
tions, and visceral involvement indicate a poorer prog­
nosis. The prognosis does not appear to be affected by
the type and dose of the responsible drug or the pres­
ence of HIV infection.

The physician is responsible for the early recogni­
tion of the reaction, the withdrawal of all poten­
tially responsible drugs, and the initiation of intrave­
nous-fluid replacement. Although some drugs are
clearly more often responsible than others (Table
4), all drugs, especially those introduced within one
month of the reaction, should be considered suspect.
Patients with widespread skin involvement should
be transferred to an intensive care unit or burn
unit. During transfer, pain control, fluid replacement,
aseptic handling, and avoidance of any adhesive
material are important. The main principles of thera­
py are the same as for thermal burns, including ag­
gressive fluid replacement, nutritional support, and
antibacterial treatment 62,63

rect toxic effect and is more consistent with Immu­
nologic mechanisms. 18

The immunopathologic pattern of early lesions
suggests a cell-mediated cytotoxic reaction against
epidermal cells. 58'61 The epidermis is infiltrated by
activated lymphocytes, mainly CD8 cells, and macro­
phages. 58.61 An immune reaction against drug-reactive
metabolites produced in excess may be respon.sible.
Because infiltrating cells are present in only mod­
erate numbers, it is unlikely that these cells are the
principal cause of epidermal necrosis. Cytokines, re­
leased by activated mononuclear cells and keratino­
cytes, may contribute to local cell death, fever, and
malaise.

THE NEW ENGLAND JOURNAL OF MEDICINE

Figure 11. Staphylococcal Scalded Skin Syndrome.
The patient has typical periorificial erythema and crusting. as
well as superticial peeling and erosions of the upper epider­
miS with indistinct underlying erythema. The clinical picture

is similar to thaI seen with a superticial thermal
scalding.

Pathophysiology

Patients with Stevens-johnson syndrome or toxic
epidermal necrolysis induced by sulfonamides or anti­
convulsant agents often have an alteration in the
detoxification of reactive drug metabolites. 56,57 The
recurrence of Stevens-johnson syndrome and tox­
ic epidermal necrolysis within 48 hours of rechal­
lenge (although the initial reaction occurs about 14
days after treatment is begun) argues against a di-

ILi8

Patients with the acquired immunodeficiency syn­
drome have a higher incidence of many drug-induced
skin rashes, including Stevens-johnson syndrome and
toxic epidermal necrolysis, with a combined incidence
of I per 1000 person-yearsY·55 Sulfonamides are the
most frequently implicated agent. The risk of reac­
tions to sulfonamides is 10 to 100 times higher among
persons infected with the human immunodeficiency
virus (HIV) than among other persons. This high risk
reflects more frequent drug use and greater suscepti­
bility.54.55
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Table 4. Drugs Associated with Stevens­
Johnson Syndrome and Toxic Epidermal

Necrolysis.

-Together these drugs account for .tpprOll.imalcly IWo thirds of
the cases anributed 10 drugs in large series in France. Gennan)'.
and the United States. U . 19,3l.43

tThis drug is no longer marketed.

malities (Tables I, 2, and 3). Perhaps because of its
relatively late onset, slow evolution, and dinical simi­
larity to many infectious illnesses, the diagnosis of
hypersensitivity wndrome may be delayed.

The aromatic antiepileptic agents (phenytoin, car­
bamazepine, and phenobarbital) - with an estimated
incidence of I reaction per 5000 patients and per­
haps a higher rate among black patients - and sul­
fonamides are the most frequent causes of hyper­
sensitivity syndrome.~6,~i,71-i6Other drugs, especially
allopurinol, gold salts, dapsone, and sorbinil, are also
associated with the syndrome. 77

'
8o Hypersensitivity

syndrome may be difficult to distinguish from serum
sickness or drug-induced vasculitis. Laboratory find­
ings often help distinguish these clinically similar con­
ditions from each other and from infectious diseases
Cfable 2).

The hypersensitivity syndrome typically develops
two to six weeks after a drug is first used, later than
most other serious skin reactions (Table 3). With anti­
epileptic drugs, fever and rash are the most frequent
presenting symptoms (in 87 percent of cases). Lym­
phadenopathy (in about 75 percent) is frequent and
usually due to benign lymphoid hyperplasia. I? Atypi­
cal lymphoid hyperplasia and pseudolymphoma occa­
sionally occur. 81 Some of these cases resolve with with­
drawal of the drug, but in some cases lymphoma
eventually develops.82 Hepatitis (5 I percent); intersti­
tial nephritis (II percent); hematologic abnormalities,
especially eosinophilia (30 percent); and mononucleo­
sis-like atypical lymphocytosis are also common. I? In­
volvement of the heart, lung, thyroid, and brain is less
frequent. 17 ,83 Severe cases of hepatitis may be life­
threatening.8~

A genetically determined inability to detoxify the
toxic arene oxide metabolic products of anticonvul­
sant agents has been observed in patients with the
hypersensitivity syndrome, but the syndrome also oc­
curs in patients without this abnormality. 17,85 Cells
from the parents of affected patients have a degree of
in vitro sensitivity to these toxic metabolites that is
intermediate between that of affected patients and
that of controls. 17 Positive tests have been noted in
multiple family members.86 Cross-sensitivity between
the various aromatic antiepileptic drugs is well docu­
mented, making it difficult to select alternative anti­
convulsant therapy 8i,88

Rashes of all types are reported with carbamaze­
pine or phenytoin tllerapy;3.~9 Most of these rash­
es are morbilliform (Fig. I) and will abate even if
the drug is continued. Unfortunatelv, the hypersen­
sitivitv syndrome often initially presents as a mor­
billiform eruption indistinguishable from less serious
reactions (Fig. I). The reaction may become indu­
rated and infiltrated (Fig. 13). Any cutaneous reac­
tion associated VI'ith aromatic anticonvulsant agents
that includes facial swelling, exfoliative dermati­
tis (Fig. 9), fe\'er, lymphadenopathy, eosinophilia, ar­
thritis, hepatitis, or bullous or purpuric skin lesions

DRUGS ALSO

ASSOCIATED

Cephalosporins

F1uoroquinolones

Vancomycin

Rifarnpin
"--

Etharnbuiol

Fenbufen

Tenoxlcam

Tiaprofenic acid

Diclofenac

Sulindac

Ibuprofen

Keloprofen

Naproxen

Thiabendazole

Sulfadoxine

Sulfadiazine

Sulfasalazine

Co-trirnoxazo!e

Hydantoins

Carbarnazepine

Barbiturales

Beno.aprofent

Phenylbutazone

lsoxiearnt

Piroxicam

Chlormezanone

Allopurinol

Amithiolone

Arninopenieillins

DRUGS MOST

FREQUEi"i'TL" AssocI 0\TED·

Many interventions meant to halt the progression
of toxic epidermal necrolysis have been tried, each
in a few patients. A positive result, usually defined as
one that halts the spread of necrolysis, has typical­
ly been noted after several previous "ineffective"
treatments. However, in untreated patients, the aver­
age duration of progression is less than four days.
Therefore, the results of these uncontrolled studies
cannot be interpreted. Short courses of corticoster­
oids early in the disease have been advocated,64 but
their effectiveness has never been demonstrated in
controlled trials. Toxic epidermal necrolysis can de­
velop in patienls who are receiving high-dose corti­
costeroids. 3,6s Retrospective studies demonstrate no
benefit of corticosteroids or higher rates of morbidity
and mortality in corticosteroid-treated patients.66-68

We recommend against their use. Case reports claim­
ing that plasmapheresis, cyclosporine, cyclophospha­
mide, and monoclonal antibodies directed against
cytokines are helpful should be regarded with skepti­
cism. ~9,69.70

Because these disorders progress so rapidly, many
cases have evolvrd fully before the patients are hospi­
talized, thus limiting the practical value of such treat­
ments. Therefore, therapies thai reduce morbidity as­
s(JCiated with skin loss or accelerate regrowth of the
skin an.: the most promising.

HYPERSENSITIVITY SYNDROME

A \·ariet\· of hvpersensiti\'ity responses are responsi­
ble for mOSl cutaneous reactions to drugs. The term
"!npcrsellsiti"il\' s\'ndrome" refers to a specific severe
idiosvnn:ll ic re;lel ion. The syndrome typicallv in­
cludes Skill r-d,h ;llld fn'er, often with hepatilis, ar­
thralgias, Idnphadenopathv, or hematologic abnor-
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Differential Diagnosis

Drug-induced hypersensitivity vasculitis may be
difficult to distinguish from other types of vasculitis.
Schonlein-Henoch purpura usually occurs in younger
patients, with characteristic large purpuric cutaneous
lesions, often on the buttocks. Renal and gastroin-

,testinal involvement is common. IgA is deposited
in vessels. I04 Cryoglobulinemia-associated vasculitis
has a chronic or recurrent course. Polyarteritis no­
dosa and Wegener's granulomatosis sometimes begin
as a palpable purpura. 105 Most patients with Weg­
ener's granulomatosis have autoantibodies to neutro­
phil cytoplasmic antigens,I06 a feature that is usually
absent in drug-induced vasculitis. Infection and colla­
gen vascular disorders can also induce vasculitis.93

Excluding infection as a cause is often the great­
est challenge. Drugs cause about 10 percent of cases
of acute cutaneous vasculitis. 102,103

Only a small fraction of drug reactions take the

THE NEW ENGLAND JOURNAL OF MEDICINE1280

Figure 13, Infiltrative PapUles Coalescing into Plaques.
These papules are typical of the more advanced eruptions seen in
the hypersensitivity syndrome associated with aromatic antiepi­
leptic drugs. The histologic appearance of these indurated conflu­
ent papules and plaques is often similar to that of early stages of

cutaneous T-cell lymphoma,

proved. 98 Alternative proposed mechanisms include
, direct drug toxicity against vessel walls, autoantibod­
, ies reacting with endothelial cells, and cell-mediated
cytotoxic reactions against vessels 93,99.101 '

, Clinical Presentation

.Serum sickness has distinctive skin findings. Typi­
:'cally, erythema first occurs on the sides of the fin­
; gers, 'toes', and hands, before a more widespread
::eruption that is most often morbilliform (in two thirds
, of patients), sometimes with urticaria ..95.97 . Urticaria
,is' seldom' seen; alone. About half the cases of se-

,: rum sickness have visceral involvement. Rash, fever,
,,: constitutional symptoms, arthralgia, and arthritis are
'! the most frequent clinical findings.95.91i •
",The clinical hallmark of cutaneous vasculitis is pal­
: pable purpuric papules, classically located on the low­
I er extremities, although any site may be involved (Fig.
i 14).93.102.103 Hemorrhagic blisters" urticaria, ulcers,
, nodules,: Raynaud's disease, and digital necrosis may
/'also occur:,The same vasculitic process may also affect

'! the kidney, liver,: gastrointestinal tract, or nervous
or begins more than two weeks after therapy is ini- , ,',: system and 'can, be life-threatening. Histologically,

. tiated is especially worrisome. I small dermal vessels exhibit fibrinoid necrosis, infil-
Sulfonamide-induced hypersensitivity syndrome ' tration by polymorphonuclear leukocytes, and nuclear

and that induced by antiepileptic agents are clinically ./ dust'. 103 The results of direct immunofluorescence are
,indistinguishable. IIi ,57 Slow N-acetylation of sulfon-' i often p~sitive, with deposits of IgM and C3 comple-
, amide and increased susceptibility of patients'. leu- ,'1 ment on capillary walls. 103 ' ..
kocytes in vitro to toxic hydroxylamine metabolites' . ,: In serum sickness, serum C3 and C4 complement
are associated with greater susceptibility, but only a ,,: levels are markedly decreased.96 Serum sickness be­
Small percentage of people who acetylate sulfona- ' ' : gins 8 to 14 days after the initial exposure to a foreign
mides slowly have reactions to these drugs. 11i,57,90 '., protein. Other kinds of drug-induced vasculitis typi-

Recovery is usually total, but rash and hepatitis cally develop 7 to 21 days after a new drug is begun,
may persist for weeks. Treatment with corticosteroids but the interval can be 10nger.99 When otherwise unex-
has been widely advocated, but controlled studies are ' plained palpable purpura develops in a patient, any
lacking. 91 We have observed dramatic improvements drug the patient is taking, especially those introduced
in symptoms and laboratory measurements in patients within the preceding two months, should be consid-
given systemic corticosteroids (~O.5 mg per kilogram, ered suspect. Withdrawing the drug usually leads to
of body weight). Relapses of rash and hepatitis may rapid resolution. Systemic corticosteroids may benefit
occur as corticosteroids are tapered. Transient hypo- some patients,
thyroid ism may also develop.92

V ASCULITIS AND SERUM SICKNESS

Vasculitis characterized by inflammation and ne­
crosis of blood-vessel walls has many causes.93 Drug­
induced vasculitis typically involves small vessels and
is a subtype of hypersensitivity vasculitis,94 which also
includes cutaneous leukocytoclastic vasculitis and se­
rum sickness.94

In 1905, von Pirquet and Schick described serum
sickness in children treated with horse serum contain­
ing diphtheria antitoxin,95 More recently, serum sick­
ness has been noted in patients treated with horse
antithymocyte globulins or human diploid-cell rabies
vaccine.95·97 Serum sickness is a type III hypersensi­
tivity reaction mediated by the deposition of immune
complexes in small vessels, activation of complement,
and recruitment of granulocytes, Drug-induced vas­
culitis is believed to result from antibodies directed
against drug-related hap tens, but this has not been

•

•
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Table 5. Agents Most Otten Associated with
Vasculitis, Serum Sickness, and Reactions

Resembling Serum Sickness.

Vasculitis

Allopurinol
Penicillin
Aminopenicillins
Sulfonamides
Thiazides
Pyrazolones
Hydanloins
Propylthiouracil

Raynaud's disease or digital necrosis

Beta-blockers
Ergot alkaloids
Bleomycin

Serum sickness
Serum preparalJons
Vaccmes

Reactions resembling "'rum sickness
Beta-blockers
Streptokinase
I3·Lactam antibiotics

crosis (Fig. 15), with hemorrhagic blisters or necrotic
scars, frequently in areas with large quantities of adi­
pose tissue, including the breasts, hips, and buttocks.
Acral involvement is infrequent.

People with hereditary deficiency of protein C, a
natural anticoagulant protein, are at highest risk, even
if they are heterozygotes and thus have no history of
recurrent thrombosis. I 19·122 In these persons, warfarin
greatly depresses protein C levels before decreasing
other vitamin K-dependent coagulation factors, in­
ducing a transient hypercoagulable state and throm­
bus formation. 119 Rapid recognition of painful, red
plaques in fatty areas is the key to diagnosis. Ther­
apy includes discontinuing warfarin, administering
vitamin K to reverse the effect of warfarin, giving hep­
arin as an anticoagulant, and administering mono­
clonal antibody-purified protein C concentrate. 123

Necrotic tissues may require surgical debridement
and grafting. If not rapidly treated, this condition may
be fatal. It develops in I in 10,000 patients receiving
warfarin, a prevalence that is about 2 percent of the
estimated prevalence of protein C deficiency."9,124
Since most persons with protein C deficiency tolerate
warfarin, other factors must playa part. Protein S or
antithrombin III deficiency also confers an increased
risk. 125

Heparin can also cause thrombosis and necrosis in
the skin and other organs. 126 The mechanisms of hepa­
rin-induced and warfarin-induced necrosis are almost
certainly different. Heparin can induce vessel throm­
bosis with fibrin thrombi at injection sites and distant
skin sites and in other organs. 127,128 Localized reac­
tions at injection sites are frequent, but devastating
widespread reactions are not. Heparin-induced plate­
let aggregation may be responsible for widespread re­
actions. These lesions need to be differentiated from
other cutaneous reactions to heparin at injection sites,
which are most likely immunologic.126.127 Neither pro-

MEDICAL PROGRESS

ANTICOAGULANT-INDUCED SKIN NECROSIS

A rare and devastating effect of warfarin therapy is
skin necrosis, a consequence of occlusive thrombi in
vessels of the skin and subcutaneous tissue. I'9 Typi­
cally, warfarin-induced skin necrosis begins three lo

five days after therapy is initiated. The use of higher
initial doses, obesity, and female sex appear to in­
crease the risk. '20 Red, painful plaques evolve to ne-
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:'. ':':!;~A"'F'llUre14, Drug-Induced Vasculitis Presenting as Palpable Pur­

I , . .... . ,;- ;Mi'\';' puric Papules and Plaques, Occasionally with O~ertying Small
: .' ~~')jf.k> . Blisters, Especially on the Lower Extremities.

,i,' ,m_).~~orm of vasculitis.'-8 Propylthiouracil may induce a
".) l~w.;:i'· clinically distinctive \'~sculitis initially involving the
, 'J.!.~~,:.;;. face and ear lobes, WJlh erythema and later purpu­
.,':\ l¥.~~~; ra. 107,108 ~ntinu~lea~ antibodies and antineutrophil
, ; i~jl~':," cytoplasmIc antibodIes may be produced,109.110
'. ~~t\f' Table 5 lists drugs that are often implicated in caus­
:·W.l:.!\f\ ing vasculitis. Recently reported drugs associated with
::!·*.U:. vasculitis include the retinoids and quinolones and
. .'(1;,':',' agents used in immunotherapy.III-113

:·r!,:;·.: Reactions resembling serum sickness (rash, fever,
'.:.::., and anhralgias) occur in about I of 2000 children
.\? given cefaclor and have also been reponed with mino­
:"'::,:. cycline, penicillins, propranolol, streplOkinase, and

.. ::: other drugs.I'4-'18 Since reduced concentrations of se­
i'.';.' rum complement are not generally noted, most such
.:)y cases probably do not represent true serum sickness.
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CONCLUSIONS

Adverse reactions to drugs most often affect the
skin, but only a small fraction are life-threatening or
lead to disabling sequelae. Because· of the low frequen­
cy of such severe reactions (usually less than I reac­
tion per 5000 exposed patients), they are unlikely to
be detected in premarketing clinical trials. Only if
clinicians recognize and report severe reactions to
regulatory authorities and manufacturers can new
drugs associated with a high risk of such reactions
be identified, relabeled, or withdrawn from the mar­
ket.142.'43

For many severe cutaneous reactions to drugs, in­
cluding toxic epidermal necrolysis, Stevens-Johnson
syndrome, vasculitis, and serum sickness, medical in­
tervention is limited to the early recognition of the
symptoms and the withdrawal of the offending drug.
Even for other reactions that may benefit from ther~

py, early recognition of the symptoms and prompt
withdrawal of suspect drugs are usually the most im­
portant steps. Therefore, clinicians should carefully
eva'luate the signs and symptoms of all adverse cuta­
neous reactions thought \0 be due to drugs and imme­
diately discontinue all drugs that are not essential,
especially when the signs or symptoms associated with
more severe reactions are present (Table 2). After re­
covery, patients should be advised to avoid the drug
thought to be responsible for the reaction and all
chemically related compounds. Patients with toxic
epidermal necrolysis and hypersensitivity syndrome
should alert their first-degree relatives to their elevat­
ed risk of such reactions to the same drugs.
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Figure 15. Wartarin-Induced Necrosis.
In this woman, painful erythema and induration of the breasts

were followed by necrosis of these fatty areas.
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ANGIOEDEMA

Immediate-hypersensitivity reactions can produce
a range of cutaneous findings from simple urticaria to
angioedema or anaphylaxis. The mechanism and
treatment of IgE-mediated immediate-hypersensitiv­
ity reactions including anaphylaxis, which are most
often induced by insect stings and food, have been
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