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Petra Killik . Otto A. Maneschg . Zoltán Z. Nagy . Nóra Szentmáry
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ABSTRACT

The aim of our review article was to summarize the
current literature on Stevens–Johnson syndrome
(SJS) and its severe form, toxic epidermal necrolysis
(TEN). SJS/TEN is a serious, rare multi-system,
immune-mediated, mucocutaneous disease with a
significant mortality rate that can lead to severe
ocular surface sequelae and even to bilateral
blindness. Restoration of the ocular surface in
acute and chronic SJS/TEN is challenging. There
are only limited local or systemic treatment
options for SJS/TEN. Early diagnosis, timely amni-
otic membrane transplantation and aggressive
topical management in acute SJS/TEN are

necessary to prevent long-term, chronic ocular
complications. Although the primary aim of acute
care is to save the life of the patient, ophthalmol-
ogists should regularly examine patients already in
the acute phase, which should also be followed by
systematicophthalmicexamination inthechronic
phase. Herein, we summarize actual knowledge on
the epidemiology, aetiology, pathology, clinical
appearance and treatment of SJS/TEN.

Keywords: Corneal blindness;
Stevens–Johnson syndrome; Toxic epidermal
necrolysis

Key Summary Points

Stevens–Johnson syndrome and toxic
epidermal necrolysis may have
devastating ocular sequelae.

Ophthalmologists should examine
patients already in the acute phase.

Timely amniotic membrane
transplantation as a patch combined with
conformer, symblepharon ring or ProKera
can prevent severe chronic complications.

To date, there are only limited local or
systemic treatment options for ocular
complications of Stevens–Johnson
syndrome and toxic epidermal necrolysis.
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INTRODUCTION

Stevens–Johnson syndrome (SJS) and its severe
form, toxic epidermal necrolysis (TEN), repre-
sent the ends of a clinical spectrum of inflam-
matory, vesiculobullous skin and mucous
membrane diseases [1]. These are considered to
be delayed-type hypersensitivity reactions (type
IV hypersensitivity) caused by drugs or infec-
tions. SJS and TEN classification is based on the
extent of skin and mucous membrane involve-
ment [2].

The course of the disease can be divided into
acute and chronic stages. The acute phase can
be characterized by epidermal necrolysis and
sloughing. Acute SJS/TEN represents a medical,
dermatological and even ophthalmic emer-
gency, and can be a life-threatening condition
[3]. Early recognition and appropriate local and
systemic interventions are essential for survival
and in avoiding corneal blindness. Early recog-
nition of ophthalmic signs and appropriate
management are also crucial in preventing
serious ocular complications in the chronic
stage [4]. Nevertheless, ophthalmologists
mainly encounter people with SJS/TEN in the
chronic phase, as patients with SJS/TEN pri-
marily receive intensive dermatological (and
burn unit) care in the acute phase; thus, oph-
thalmic examination is lacking in most cases
[5]. Differentiation between SJS and TEN may be
difficult in the chronic stage, as skin lesions are
already healed at that timepoint. Management
of repeat exacerbations of SJS/TEN in the
chronic phase can be even more challenging,
and is therefore very often inefficient [6].

This review article summarizes previously
published studies and knowledge on ocular
complications and their diagnosis and man-
agement in SJS/TEN. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

EPIDEMIOLOGY

SJS and TEN incidence varies by geographic
region. These are rare and

unpredictable diseases [7]. SJS and TEN appear
in all races, ages and sexes. The annual inci-
dence of SJS/TEN (per million people) is repor-
ted to be 0.93 in Germany [8], 5.76 in the UK [9]
and 12.35 in the USA [10]. In contrast, the
incidence of SJS/TEN in Africa is 1009 higher
than that in industrialized countries, since SJS/
TEN is more common in people with human
immunodeficiency virus (HIV) infection [11].
The incidence also rises with increasing age [4].
The incidence of SJS/TEN is at least 309 higher
in cancer patients, which may also draw atten-
tion to the possible role of the immune system
in the development of SJS/TEN [12]. Addition-
ally, female sex is associated with a 1.59 in-
crease in the prevalence of SJS/TEN, and
pregnancy is associated with a 149 increase
compared with the entire population [7, 11].
Acute ocular signs of SJS/TEN affect 50–80% of
patients [13, 14], and severe early ocular com-
plications affect approximately 50% of people
with SJS/TEN [15]. Almost 90% of people with
SJS/TEN have some chronic ocular disease fol-
lowing the acute stage [16]. In Europe, the
overall lethality of SJS/TEN is estimated to be
34%, with 24% in SJS and 49% in TEN [17].

AETIOLOGY

The main aetiological factors are medicines
(75%). The other 25% can be caused by viral
and Mycoplasma pneumoniae infections, and can
be idiopathic [18].

The most frequent pharmacological triggers
are antibiotics (53.2%), anticonvulsants
(35.7%), non-steroidal anti-inflammatory drugs
(NSAIDs; 15.9%) and anti-neoplastic agents
[12, 19]. SJS/TEN occurs most frequently fol-
lowing fluoroquinolone (8.5%), antitubercular
(5.7%), penicillin (5.4%) and sulphonamide
(3.1%) intake. Among anti-epileptics, carba-
mazepine and phenytoin are the most common
causative agents. Paracetamol (6.2%), nime-
sulide (2.8%), diclofenac (2.1%) and ibuprofen
(1.0%) have been reported to be the most
common NSAIDs associated with subsequent
SJS/TEN. Severe ocular complications due to SJS/
TEN are thought to be associated with cold
medicines [20]. However, there may be a large
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overlap between cold medicine-related and
idiopathic SJS/TEN. For this reason, some
authors consider SJS/TEN induced by cold
medicines to be idiopathic [21].

SJS/TEN caused by infections is rare. Never-
theless, viral infections are more frequent cau-
ses of SJS/TEN in children and young adults
than medications [18]. Only case reports and
small sample-size case series are available in the
literature on the association between infection
and SJS/TEN. Mycoplasma pneumoniae, coxsack-
ievirus A6 and COVID-19 have been reported to
cause SJS/TEN [22, 23]. A microbiological study
reported that higher germ counts of Pseu-
domonas spp., Streptococcus ssp., Acinetobac-
ter ssp. and Staphylococcus spp. can be observed
in people with SJS/TEN [24].

Several authors are assuming a revised clas-
sification for SJS/TEN in children. They suggest
distinguishing between medicine-induced SJS/
TEN (drug-induced epidermal necrolysis; DEN)
and infection-caused SJS/TEN (reactive infec-
tious mucocutaneous eruption; RIME) in chil-
dren because DEN and RIME have differing
therapeutic strategies. Management strategies
should focus on medicine withdrawal at DEN
and on treatment of infection at RIME [25, 26].

PATHOPHYSIOLOGY

Genetic predisposition is suspected, as SJS/TEN
does not develop in all patients taking the
above-mentioned drugs [15]. SJS/TEN is sup-
posed to be associated with changes in the
innate immune system; however, the patho-
physiology of SJS/TEN has only been partly
explored until now.

The acute phase of SJS/TEN is thought to be a
T-cell-mediated type IV hypersensitivity reac-
tion [7], where the exogenous factor causes an
abnormal immune reaction with extensive ker-
atinocyte apoptosis [27]. Drugs and infections
are perceived by T-cell receptors, which lead to
CD8 ? , cytotoxic T-cell and natural killer (NK)
cell-mediated keratinocyte apoptosis.

Cytotoxic mediators, such as perforin, gran-
zyme B, Fas ligand, tumour necrosis factor alpha
and granulysin, seem to have an important role
in keratinocyte death [28]. Chung et al. revealed

that granulysin is a key mediator in dissemi-
nated keratinocyte apoptosis. Similar to graft-
versus-host disease, granulysin is also expressed
in SJS/TEN skin lesions. Another similarity is
that in both graft-versus-host disease and SJS/
TEN, the dermis is populated by CD4-positive T
cells and the epidermis with CD8-positive T
cells [29].

Histocompatibility loci are frequently anal-
ysed to determine whether there is a connection
between human leucocyte antigens (HLA) and
SJS/TEN.

HLA-B* 1508, HLA-B* 1511, HLA-B* 1518
and HLA-B* 3101 have a strong association with
carbamazepine-induced SJS/TEN, and HLA-B*
1502 presumably increases the risk of carba-
mazepine-, phenytoin- and oxacarbazepine-in-
duced SJS/TEN [30, 31].

The HLA-B* 12 genotype has an important
role in oxicam- and sulfonamide-induced SJS/
TEN [32].

It is presumed that HLA-B* 5801 has an
association with allopurinol-induced SJS/TEN.
Moreover, the HLA-B* 5801 genotype, together
with HLA-B75 or DR13 homozygosity, further
enhances the danger of allopurinol-induced SJS/
TEN [33].

Other studies reported an association
between HLA-A* 0206 and NSAID- and acet-
aminophen-induced SJS/TEN. Furthermore, the
HLA-A* 0206 genotype with prostaglandin-E
receptor 3 single nucleotide polymorphism
evolves a synergistic impact in the evocation of
NSAID-induced SJS/TEN, with severe ocular
complications [14].

Genetic variants of cytochrome P450 2C are
also thought to be related to SJS/TEN [28].

CLINICAL MANIFESTATION

Acute Phase

The acute phase of SJS/TEN develops 4–28 days
after the triggering event [34]. SJS/TEN begins
with a prodrome of fever, cough, rhinorrhea,
anorexia and malaise. This is followed by the
acute phase with inflammation and ulcerations
of the oral, genital, ocular and anal mucosa
1–3 days later [3, 5]. Acute SJS/TEN can be
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recognized by the inflammation of at least two
mucous membranes [4]. The acute phase takes
place within 2 weeks after the appearance of
SJS/TEN and is characterized by excessive epi-
dermal and keratinocyte necrosis. Skin lesions
appear as erythaematous maculas or atypical
targetoid lesions, bullae, erosions and ulcers on
the trunk [19].

Differentiation between SJS and TEN is based
on the affected total body surface area (BSA): SJS
with\ 10% BSA, SJS/TEN overlap with 10–30%
BSA and TEN with[ 30% BSA involvement
[35]. The most frequently found ocular symp-
toms (Fig. 1) are bilateral conjunctivitis and
corneal epithelial defects. Widespread eyelid
margin necrosis, meibomitis, epithelial loss of
the conjunctiva and pseudomembrane/mem-
brane development can lead to symblepharon
formation, and corneal erosions may result in
corneal ulceration and perforation [36].

The most common ophthalmic complaints
of patients with acute SJS/TEN are visual
impairment, eye pain and photophobia. The
severity of ocular sequelae does not always
correspond to the severity of cutaneous lesions
or systemic disease [37].

A grading system for ocular manifestations
of acute SJS/TEN was developed by Gregory [38]
(Table 1). The grading scheme is developed
based on the epithelial defects at the eyelid
margins, on the conjunctiva, and on the cor-
nea. Ocular surface alterations in acute SJS/TEN
result in devastating long-term complications.

Predicted mortality can be calculated with
the SCORe of TEN (SCORTEN) [39] and ABCD-
10 [40] methodologies. SCORTEN is a mathe-
matical model that uses seven independent risk
factors (age, malignancy, heart rate, epidermal
detachment, serum urea, serum glucose and
serum bicarbonate) to estimate the probability
of mortality due to SJS/TEN [39]. ABCD-10 is a
newer risk prediction model for predicting the
mortality rate from SJS/TEN. The estimation is
based on five risk factors: age, serum bicarbon-
ate, cancer, dialysis and 10% body surface area.
ABCD-10 uses ‘dialysis before SJS/TEN’ instead
of SCORe’s renal dysfunction at mortality
prognostication [40]. SCORTEN has been pro-
ven to be superior to ABCD-10 in mortality rate
estimation for SJS/TEN [41].

The most frequently isolated bacterium in
the early acute phase of SJS/TEN is Staphylococ-
cus aureus, while the most commonly isolated
microbe that can lead to a prolonged hospital
stay in SJS/TEN is Pseudomonas aeruginosa [6].

Chronic Phase

Chronic ocular sequelae may occur in 35–90%
of people with SJS/TEN and may affect the
eyelid, conjunctiva and cornea. Chronic SJS/
TEN can be considered an aftermath of
mechanical and physiological insults of the
ocular surface [42]. There is no explicit zero
point at which SJS/TEN can be considered
chronic, but it generally starts between 3 and

Fig. 1 Ocular signs of acute Stevens–Johnson syn-
drome/toxic epidermal necrolysis. A BA: widespread eyelid
margin necrosis, WA: conjunctival chemosis; B BA:
pseudomembrane development, WA: conjunctival hyper-
aemia. BA black arrow, WA white arrow
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6 months following the acute phase, after sta-
bilization of the ocular surface inflammation
[43].

Sotozono et al. [13] evolved a three-category
grading scheme for chronic ocular complica-
tions of SJS/TEN (Table 2) in 2007, using 13
clinical components based on eyelid, conjunc-
tival and corneal involvement. Sharma et al.
[34] developed a modified multi-step grading
system for chronic ocular sequelae of SJS/TEN
(Table 3) based on the grading scheme of Soto-
zono et al. in 2019, addressing the more severe
cases in greater detail.

Chronic ocular sequelae of SJS/TEN (Fig. 2)
are unpredictable and have poor correlation
with acute SJS/TEN [27]. However, the severity
of acute SJS/TEN is the best predictor for chronic
eye complications [44].

Eyelid complications include meibomian
gland destruction, lid margin keratinization,
entropion or ectropion development, trichiasis,
lacrimal punctal occlusion and mucocutaneous
junction involvement. It should be emphasized
that most corneal sequelae can originate from
lid margin keratinization [45].

Conjunctival complications may lead to
persistent inflammation, hyperaemia, mem-
brane formation, ulceration, scarring and squa-
mous metaplasia. Obstruction of the ductal
openings of the lacrimal gland due to con-
junctival scarring and destruction of the goblet
cells impair the tear film quality [3, 5]. All
components of the tear film can be affected
(mucin, aqueous and lipid layers) in chronic
SJS/TEN, and their dysfunction may lead to

severe dry eye, which is one of the most com-
mon ocular complications of the disease. Ocular
surface scarring leads to ankyloblepharon and
symblepharon formation with inadequate clo-
sure of the eyelids and limited ocular motility
[37].

Microtraumas through the affected eyelids
lead to long-term corneal complications,
including loss of the palisades of Vogt, limbal
stem cell deficiency, neovascularization, kera-
tinization, conjunctivalization and corneal
decompensation. Keratinization of the eyelid
margin may lead to persistent or recurrent cor-
neal epithelial defects, ulceration, stromal
melting and corneal perforation [14]. The ocu-
lar surface in healthy eyes has a high diversity of
microbiomes, with Streptococcus and Lactobacil-
lus as the most prevalent bacteria. In contrast,
the ocular surface in chronic SJS/TEN shows a
lower bacterial diversity with a Staphylococcus
predominance, and these bacteria can become
easily pathogenic. Accordingly, the incidence of
infective keratitis is higher in people with SJS/
TEN than in persons with earlier severe ocular
burns [46].

The combination of these processes may lead
to blindness and loss of the eye. The end stage
of chronic ocular SJS/TEN can be characterized
by an entirely keratinized and dry ocular surface
[4]. In total, 87% of people with chronic SJS/
TEN have difficulties with driving at night or
reading [47].

Table 1 Grading scheme for ocular manifestations of acute Stevens–Johnson syndrome and toxic epidermal necrolysis
developed by Gregory [38]

Location of the
defect

Mild Moderate Severe Very severe

Eye lid margin No defect FS\ 30% of lid

margin

FS[ 30% of lid margin on

one eyelid

FS[ 30% of lid margin on two

eyelids

Conjunctiva Hyperaemia FS\ 1 cm of

diameter

FS[ 1 cm of diameter FS[Multiple areas larger than 1 cm

of diameter

Cornea No defect No defect FS[ larger than punctate

erosions

FS[ larger than punctate erosions

FS fluorescein staining
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Diagnosis and Differential Diagnosis

SJS/TEN diagnosis must be based on clinical
characteristics, but histological confirmation
should always be performed. Histologically, SJS/
TEN shows partial to full-thickness keratinocyte
necrosis and slight lymphohistiocytic inflam-
mation around the vessels [6].

Nevertheless, there are some other vesicu-
lobullous and desquamating skin diseases that
may have a similar appearance as SJS/TEN. The
most important differential diagnostic entity is
erythema multiforme major (EMM). Previously,
SJS/TEN and EMM with similar histologic and

clinical appearances were considered different
presentations of a spectrum disease, but cur-
rently, both are considered two separate entities
[48]. EMM may recur more often than SJS/TEN
and affects only one mucosal surface in most
cases; it is caused most commonly by M. pneu-
moniae and herpes simplex virus (HSV) [49].
EMM concerns mainly the facial and acral skin,
while SJS/TEN predominantly involves the
trunk [7].

Other differential diagnostic options that
should be considered are staphylococcal scalded
skin syndrome, acute generalized exanthaema-
tous pustulosis, linear immunoglobulin (Ig)A

Table 2 Grading scheme for ocular manifestations of chronic Stevens–Johnson syndrome and toxic epidermal necrolysis
developed by Sotozono et al. [13]

Location of
the defect

Grade/score

0 1 2 3

Eye lid Mucocutaneous

junction

involvement

No Mild irregularity Moderate irregularity Severe irregularity

Meibomian gland

dysfunction

No Whitish–yellow secret Toothpaste-like secret No expressible secret

Punctal defect No Surgical punctal

occlusion

One punctal occlusion

by scarring

Upper and lower punctal

occlusion by scarring

Trichiasis No \ 1/4 of lid margin C 1/4 and\ 2/4 C Half

Conjunctiva Bulbar hyperaemia No Mild Moderate Severe

Symblepharon No Cornea is not involved \ 50% corneal surface C 50% corneal surface

Cornea Conjunctivalization No \ 3 clock hours of

limbal involvement

3–6 clock hours of

limbal involvement

[ 6 clock hours of limbal

involvement

Loss of palisades of

Vogt

No \ 6 clock hours of

limbal involvement

6–12 clock hours of

limbal involvement

Total limbal involvement

Neovascularization No Corneal periphery is

affected

Extends until the pupil

margin

Extends to the central

cornea

Keratinization No \ 1/4 C 1/4 and\ 2/4 C Half

Epithelial defect No \ 25% of the surface 25–50% of the surface [ 50% of the surface

Superficial punctate

keratopathy

No \ 33% of the surface 33–66% of the surface [ 66% of the surface

Opacification No Mild haze Moderate haze Severe haze
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bullous dermatosis, pemphigus vulgaris, para-
neoplastic pemphigus, bullous pemphigoid and
acute graft-versus-host disease. Therefore, the
most important differential diagnostic step is to
visit a dermatologist [50].

MANAGEMENT

Acute SJS/TEN

The management of acute SJS/TEN is multi-
disciplinary and starts with the discontinuation
or suppression of the causative factor [51].

Fig. 2 Chronic ocular sequelae of Stevens–Johnson
syndrome/toxic epidermal necrolysis. A BA: trichiasis;
B BA: symblepharon, WA: corneal keratinization; C BA:
conjunctivalization of the cornea, WA: corneal neovascu-
larization, S: symblepharon; D BA: corneal

neovascularization, WA: corneal keratinization; E BA:
meibomian gland destruction, WA: lid margin keratiniza-
tion; F BA: symblepharon, WA: meibomian gland
destruction, S: corneal keratinization. BA black arrow,
WA white arrow, S star

1802 Ophthalmol Ther (2023) 12:1795–1811



Medical history is essential to explore the cause
of the disease, as the first symptoms typically
appear within 1–8 weeks after starting taking
the causative drug [7, 52].

All people with acute SJS/TEN should be
managed first in a burn unit or intensive care
unit. The most important general aspects of
medical attendance are to manage nutritional,
electrolyte and fluid imbalances; to maintain
respiratory and renal function; and to control
infection, as well as to assure analgesia [6].
Dermatological, ophthalmic, gynaecological,
urological and nephrological consultation may
be necessary in the early phase [53], depending
on the patient’s needs. Ophthalmic examina-
tion is necessary at admission or within 1–-
2 days after SJS/TEN diagnosis [54].

Cornerstones of acute ophthalmic care are to
inhibit the immune response on the ocular
surface and to prevent chronic ocular sequelae.
Waiting for skin biopsy results should not delay
eye care. Ophthalmic care of acute SJS/TEN
should be initiated based on the clinical signs
[43]. Daily eye examinations should be per-
formed, as ocular inflammation can evolve
rapidly [37].

Eyelid margins should be managed with a
combination of antibiotic–steroid ointment
(tobramycin 0.3%/dexamethasone 1%) 4–6
times daily [38].

Mild and moderate SJS/TEN cases should be
treated with levofloxacin 0.5–1.5% or moxi-
floxacin 0.5% eye drops three to four times a
day, with topical corticosteroid (dexametha-
sone 1% or prednisolone acetate 1%) eye drops
two to six times daily and cyclosporine
0.05–0.09% drops two to four times daily,
depending on the severity [4, 14, 43]. The use of
preservative-free topical lubricants is also rec-
ommended to protect the ocular surface, which
should be instilled every hour. Topical lubri-
cants could also be replaced by autologous
serum eye drops. The removal of ocular surface
membranes and pseudomembranes is recom-
mended with a glass rod in all patients [42].
Healing of smaller corneal epithelial defects can
be promoted by fitting soft therapeutic contact
lenses [5].

Severe and extremely severe cases should be
managed similarly to moderate cases with

topical drops and ointment. In addition, all
patients must undergo thorough removal of
inflammatory debris and amniotic membrane
transplantation (AMT) as a patch, combined
with conformer, symblepharon ring or ProKera
use within the first 10 days. AMT for acute SJS/
TEN was first reported by John et al. in 2002
[55]. The amniotic membrane patch must cover
the entire ocular surface, the fornix, the tarsal
conjunctiva and the eyelid margins [56]. AMT
prevents eye surface ruination, inhibits inflam-
mation and hastens re-epithelization. AMT
reduces the risk of chronic ophthalmic compli-
cations, such as limbal stem cell deficiency,
corneal haze, ankyloblepharon, symblepharon
or other eyelid sequelae. People with acute SJS/
TEN are frequently medically unstable; there-
fore, AMT in general anaesthesia may be
unfeasible. Thus, AMT should be performed
bedside with local anaesthesia [42]. The AMT
could be fixated to a conformer using 10/0
nylon sutures, and this complex could be
inserted under the eyelids. In addition, the
suture-less AMT technique with cyanoacrylate
glue has been described by Shanbhag et al. [57].
Suture-less AMT is more feasible under local
anaesthesia and causes less discomfort. Gener-
ally, the amniotic membrane dissolves in sev-
eral weeks, and topical therapy should be
further continued [42]. An eye check-up should
occur on the fourth day and then every week
following AMT [4]. Complications of AMT in
people with SJS/TEN are extremely rare [58].

In the case of extremely severe acute SJS/
TEN, the presence of large de-epithelized ocular
surface areas and ocular surface inflammation, a
repeat AMT should be performed 7–14 days
following the first AMT [44].

The effect of systemic anti-inflammatory
therapies is still a subject of debate. The pub-
lished data on adjunctive therapies in acute SJS/
TEN are equivocal. To date, there is no available
evidence regarding whether systemic corticos-
teroid, intravenous immunoglobulin (IVIG),
plasmapheresis, systemic cyclosporine, tumour
necrosis factor (TNF) inhibitors or cyclophos-
phamide have advantageous effects on visual
outcome and chronic eye sequelae in SJS/TEN
[59]. Moreover, the use of these systemic
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therapeutic possibilities includes severe sys-
temic risks [43].

A larger meta-analysis has not found any
statistically significant positive effect of sys-
temic corticosteroid monotherapy [60]. Inter-
estingly, people taking systemic corticosteroids
for other diseases still develop SJS/TEN [61].
Moreover, corticosteroids seem to be associated
with higher rates of mortality and infections
[62]. Therefore, many experts advise against the
use of systemic corticosteroids as monotherapy
for people with acute SJS/TEN [28].

Nevertheless, a 3-day course of high-dose
pulsed corticosteroid (1.5 mg/kg/day) appeared
to improve the mortality rate and visual out-
come [50], with no systemic complications [37].

IVIG is a commonly administered, first-line
therapy for acute SJS/TEN. IVIG down-regulates
Fas-mediated keratinocyte apoptosis [63]. Nev-
ertheless, in the largest published treatment
series, there was no significant mortality benefit
compared with the SCORTEN-predicted mor-
tality using IVIG treatment [28]. Other studies
have shown that IVIG monotherapy can lead to
longer hospital stays [64] and increase mortality
[50]. In addition, IVIG does not seem to
decrease the severity of chronic ocular sequelae
[65], and acute renal failure – which is the most
severe complication – may occur [66].

Nevertheless, combining IVIG with high-
dose pulsed steroid treatment (500–-
1000 mg/day for 4 days) has been shown to
restrain ocular complications when adminis-
tered within 4 days of SJS/TEN onset [67].

Plasmapheresis removes non-dialysable
pathogenic agents from the plasma. The
method is relatively safe. Several case reports
and series are available in the literature,
reporting controversial results [50]. The only
available prospective study, published by Han
et al., showed that people with acute SJS/TEN
had a lower severity of illness scores in the
chronic phase following plasmapheresis [68].
However, there is no evidence that plasma-
pheresis has any significant effect on mortality
or reepithelization [69].

Cyclosporin A has an immunosuppressive
effect and can inhibit apoptosis [70]. Cyclos-
porin A (4 mg/kg/day) may have a mortality
benefit compared with the SCORTEN-predicted

mortality, and delays the progression of the
disease [28]. Nevertheless, it can be associated
with severe side effects such as neutropenia,
nephropathy, pneumonia and leucoen-
cephalopathy [71].

TNF inhibitors may inhibit keratinocyte
apoptosis. Unfortunately, administration of
thalidomide in SJS/TEN had to be stopped dur-
ing the first trial as it increased mortality [72]. In
contrast, infliximab and etanercept have
promising prospects, as they may hamper pro-
gression, induce skin reepithelization and seem
to decrease mortality [28, 50].

Cyclophosphamide can facilitate re-epithe-
lization. However, its usage also had to be dis-
continued in people with acute SJS/TEN due to
its higher mortality rate [73].

Chronic SJS/TEN

The management of chronic ocular sequelae of
SJS/TEN is based on prevention of ocular surface
irritation, treatment of the complications and
visual rehabilitation [4]. The first follow-up
examination should occur within 4 weeks after
release from the hospital and should be per-
formed every 2–4 months repeatedly in the first
year and every 6 months thereafter [74].

Ocular surface dryness can be managed from
several aspects. Replacement of the aqueous
layer with preservative-free artificial tears is
frequently a first-line therapy [75]. Autologous
serum eye drops contain several ingredients
similar to natural tears, such as vitamin A,
fibronectin and epidermal growth factor [76]. In
addition, topical cyclosporine improves goblet
cell density [77]. Meibomian gland dysfunction
should be treated with daily eye lid hygiene.
Depending on the ocular surface inflammation,
topical steroid eye drops and antibiotics can be
used [78]. Oral azithromycin or doxycycline
may add to the management of inflammation
[79].

It is important to avoid any surgical proce-
dures in chronic SJS/TEN, unless it is definitely
inevitable. If the lacrimal drainage system is
intact, lacrimal punctal occlusion using punctal
plugs or cautery may help in controlling ocular
surface dryness [43].
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In cases of severe dry eye, salivary gland
transplantation can be performed either from
the submandibular or minor salivary glands.
Nevertheless, it has limited popularity as it may
often be accompanied by excessive tearing, and
this type of surgery has low reproducibility [78].
Epiphora is rarely observed following minor
salivary gland transplantation compared with
submandibular gland transplantation [80].

Before any surgical procedures for visual
rehabilitation, it is essential to manage eyelid
abnormalities. To protect the ocular surface,
keratin must be removed from the eyelid mar-
gins. Ectropion and entropion can be treated
with eye lid surgery, trichiasis and distichiasis
with epilation, cryotherapy and extirpation
[74].

The use of scleral contact lenses protects the
corneal surface from micro-traumas caused by
keratinized eyelid margins and misdirected
eyelashes, and therefore supports the healing of
corneal epithelial defects. In addition to scleral
contact lenses, the prosthetic replacement of
the ocular surface ecosystem (PROSE) device is a
promising treatment option in patients with
chronic SJS/TEN, and has beneficial features
similar to those of scleral lenses. PROSE is a
scleral prosthetic device that can be used in
people with highly irregular ocular surfaces
[37].

Other aims of scleral contact lenses and
PROSE are to reduce photophobia and mask
corneal irregular astigmatism. Overnight wear
of scleral lenses is not recommended as it may
enhance the risk of microbial keratitis. Soft and
rigid contact lenses are not appropriate as they
do not ensure enough fluid-filled space between
the posterior surface of the contact lens and the
anterior surface of the cornea. However, con-
siderable symblephara may hamper the use of
scleral contact lenses [42].

In patients with symblepharon, lid margin
keratinization and reconstruction of conjuncti-
val surfaces and lid margins with mucous
membrane grafting (MMG) can be a solution.
Keratinized tarsal and bulbar conjunctiva can be
replaced with autologous buccal or labial
mucosa, which can be fixed either with Vicryl
sutures or with fibrin glue. MMG has been
reported to be sufficient in stabilizing the ocular

surface and improving visual function [81].
Moreover, MMG seems to have a beneficial
effect on corneal neovascularization, haze for-
mation and corneal reepithelialization [19].
MMG can be combined with AMT for fornix
restoration [74]. MMG combined with scleral
contact lens use is an optimal treatment
method in chronic SJS/TEN.

MMG addresses lid margin-related keratopa-
thy, even overnight, while wearing scleral con-
tact lenses, and PROSE is not recommended.
Early use of MMG in conjunction with scleral
contact lens use may have synergistic effects,
can prevent the development of limbal stem
cell deficiency and persistent corneal epithe-
liopathy, and is effective in preservation and
improvement of visual acuity. MMG may also
improve the compliance of children in wearing
rigid contact lenses and PROSE [42, 82, 83].

Persistent corneal epithelial defects can be
treated with AMT [84]. Penetrating keratoplasty
(PK) may help in urgent cases, such as corneal
perforation, advanced thinning or ulceration
[43], but is not suitable for people with SJS/TEN
as PK does not facilitate the regeneration of
corneal epithelial stem cells. Limbal stem cell
transplantation (LSCT) is a general surgical
intervention for limbal stem cell deficiency.
However, it has been reported that allogenic
LSCT has a poorer success rate for people with
chronic SJS/TEN than for persons who suffered
ocular burn [4, 85]. Graft failure is a frequent
complication of LSCT in people with SJS/TEN,
as patients with SJS/TEN have severe ocular
comorbidities (ocular surface inflammation,
serious dry eye, eye lid margin and epithelial
abnormalities) preoperatively [36]. Therefore,
allogenic LSCT is not the recommended proce-
dure for chronic SJS/TEN, even with immuno-
suppression. Since SJS/TEN affects both eyes,
autologous LSCT is not a possibility [37].

Since 2002, autologous cultivated oral
mucosal epithelial transplantation (COMET)
has been developed for reconstruction of the
corneal surface in people with chronic SJS/TEN
as it promotes post-operative corneal re-epithe-
lialization and stabilizes the corneal surface in
the long term. Additionally, after COMET
patients do not need immunosuppression after
surgery [86]. For COMET, autologous mucosal
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epithelial cells are gathered from the buccal
mucosa and seeded on an amniotic membrane,
first in vitro [87]. These cultivated cells are later
used for ocular surface reconstruction. Sotozono
et al. reported that better postoperative visual
acuity is achievable in people with chronic SJS/
TEN using COMET than with LSCT [88].

Keratoprosthesis is suitable for the replace-
ment of an opaque cornea. Keratoprosthesis
implantation is actually regarded as a safe and
effective treatment option for patients with
severe limbal stem cell deficiency and corneal
surface disease, where further PK, LSCT or
COMET are deemed likely to fail [89]. Kerato-
prosthesis implantation is a suitable procedure
for visual rehabilitation in special cases of cor-
neal blindness, and it has been proven to be
more effective than PK with or without LSCT.
Boston type I keratoprosthesis is used in cases of
unchanged eyelid function, while xerotic ocular
surfaces are only suitable for Boston type II
keratoprosthesis and osteo-odonto-keratopros-
thesis (OOKP) implantation [90]. Nevertheless,
unfortunately, compared with other ocular
surface diseases, SJS/TEN is associated with a
higher post-operative complication rate of
ulceration, corneal melting and endoph-
thalmitis, as well as worse visual prognosis fol-
lowing keratoprosthesis surgery, than other
autoimmune-based disorders [43].

It is important to note that referral of
patients with severe chronic SJS/TEN to a clini-
cal psychologist may provide great support to
the patients [4].

CONCLUSIONS

SJS/TEN are rare multisystem diseases with sev-
ere ocular surface sequelae, which can lead to
bilateral blindness. Careful examination and
adequate aggressive ophthalmic management
in the acute phase are essential to prevent or
moderate chronic SJS/TEN. Restoration of the
ocular surface in SJS/TEN remains challenging.
If necessary, AMT should be performed in the
acute stage at the earliest possibility to prevent
chronic complications. PROSE combined with
MMG should be the standard management
technique for lid margin keratinization in

people with chronic SJS/TEN. Randomized
studies are needed to determine the best thera-
pies for patients with acute and chronic SJS/
TEN.
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script. Nóra Szentmáry planned, designed and
reviewed the manuscript. All authors agree with
the final version of the manuscript and agree to
be accountable for all aspects of the work.

Disclosures. The work of Dr. Tóth at the Dr.
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Gábor László Sándor, Petra Killik, Otto Alexan-
der Maneschg and Zoltán Zsolt Nagy declare
that they have no competing interests.

Compliance with Ethics Guidelines. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

1806 Ophthalmol Ther (2023) 12:1795–1811



Data Availability. Data sharing is not
applicable to this article as no datasets were
generated or analyzed during the current study.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Ibrahim OMA, Yagi-Yaguchi Y, Noma H, Tsubota K,
Shimazaki J, Yamaguchi T. Corneal higher-order
abberations in Stevens-Johnson syndrome and
toxic epidermal necrolysis. Ocul Surf. 2019;17:
722–8.

2. Lerch M, Mainetti C, Beretta-Piccoli BT, Harr T.
Current perspectives on Stevens-Johnson syndrome
and toxic epidermal necrolysis. Clin Rev Allergy
Immunol. 2018;54:147–76.

3. Chronopoulos A, Pleyer U, Mockenhaupt M. [Ocu-
lar involvement in Stevens-Johnson syndrome and
toxic epidermal necrolysis.]. Klin Monatsbl Augen-
heilkd. 2012;229:534–9.

4. Jain R, Sharma N, Basu S, et al. Stevens-Johnson
syndrome: the role of an ophthalmologist. Surv
Ophthalmol. 2016;61:369–99.

5. Chronopoulos A, Mockenhaupt M, Pleyer U. [Ocu-
lar involvement in Stevens-Johnson syndrome and
toxic epidermal necrolysis.]. Ophthalmologe.
2021;118:519–32.

6. Noe MH, Micheletti RG. Diagnosis and manage-
ment of Stevens-Johnson syndrome/toxic epider-
mal necrolysis. Clin Dermatol. 2020;38:607–12.

7. Frantz R, Huang S, Are A, Motaparthi K. Stevens-
Johnson syndrome and toxic epidermal necrolysis:
a review of diagnosis and management. Medicina.
2021;57:895.

8. Naegele D, Sekula P, Paulmann M, Mockenhaupt M.
Incidence of epidermal necrolysis: results of the
German Registry. J Invest Dermatol. 2020;140:
2525–7.

9. Frey N, Jossi J, Bodmer M, et al. The epidemiology
of Stevens-Johnson syndrome and toxic epidermal
necrolysis in the UK. J Invest Dermatol. 2017;137:
1240–7.

10. White ML, Chodosh J, Jang J, Dohlman C. Inci-
dence of Stevens-Johnson syndrome and chemical
burns to the eye. Cornea. 2015;34:1527–33.

11. Schulze Schwering M, Kayanage P, Rothe C. Ocular
manifestations in patients with Stevens-Johnson
syndrome in Malawi-review of the literature illus-
trated by clinical cases. Graefes Arch Clin Exp
Ophthalmol. 2019;257:2343–8.

12. Gillis NK, Hicks JK, Bell GC, Daly AJ, Kanetsky PA,
McLeod HL. Incidence and triggers of Stevens-
Johnson syndrome and toxic epidermal necrolysis
in a large cancer patient cohort. J Invest Dermatol.
2017;137:2021–3.

13. Sotozono C, Ang LPK, Koizumi N, et al. New grad-
ing system for the evaluation of chronic ocular
manifestations in patients with Stevens-Johnson
syndrome. Ophthalmology. 2007;114:1294–302.

14. Kim MK, Yoon KC, Yoon HY, Seo KY. Clinical
aspects of Stevens-Johnson syndrome and toxic
epidermal necrolysis with severe ocular complica-
tions in South Korea. Front Med. 2021;8: 640360.

15. Ueta M. Pathogenesis of Stevens-Johnson syn-
drome/toxic epidermal necrolysis with severe ocu-
lar complications. Front Med (Lausanne). 2021;8:
651247.

16. Wang C-W, Cho Y-T, Chen K-L, Chen Y-C, Sog H-L,
Chu C-Y. Long-term sequelae of Stevens-Johnson
syndrome/toxic epidermal necrolysis. Acta Derm
Venereol. 2016;96:525–9.

17. Sekula P, Dunant A, Mockenhaupt M, et al. Com-
prehensive survival analysis of a cohort of patients
with Stevens-Johnson syndrome and toxic epider-
mal necrolysis. J Invest Dermatol. 2013;133:
1197–204.

Ophthalmol Ther (2023) 12:1795–1811 1807

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


18. Mockenhaupt M. The current understanding of
Stevens-Johnson syndrome and toxic epidermal
necrolysis. Expert Rev Clin Immunol. 2011;7:
803–15.

19. Shanbhag SS, Sangwan VS, Singh A, et al. Clinical
aspects of Stevens-Johnson syndrome/toxic epider-
mal necrolysis with severe ocular complications in
India. Front Med (Lausanne). 2021;8: 643955.

20. Patel TK, Barvaliya MJ, Sharma D, Tripathi C. A
systematic review of the drug-induced Stevens-
Johnson syndrome and toxic epidermal necrolysis
in Indian population. Indian J Dermatol Venereol
Leprol. 2013;79:389–98.

21. Roujeau J-C, Dunant A, Mockenhaupt M. Epidermal
necrolysis, ocular complications, and ‘‘cold medi-
cines.’’ J Allergy Clin Immunol Pract. 2018;6:703–4.

22. Imatoh T, Saito Y. Associations between Stevens-
Johnson syndrome and infection: overview of
pharmacoepidemiological studies. Front Med (Lau-
sanne). 2021;8: 644871.

23. Zou H, Daveluy S. Toxic epidermal necrolysis and
Stevens-Johnson syndrome after COVID-19 infec-
tion and vaccination. Australas J Dermatol. 2022.
https://doi.org/10.1111/ajd.13958.

24. Kittipibul T, Puangsricharern V, Chatsuwan T.
Comparison of the ocular microbiome between
chronic Stevens-Johnson syndrome patients and
healthy subjects. Sci Rep. 2020;10:4353.

25. Canavan TN, Mathes EF, Frieden I, et al. Myco-
plasma pneumoniae-induced rash and mucositis as a
syndrome distinct from Stevens-Johnson syndrome
and erythema multiforme: a systematic review.
J Am Acad Dermatol. 2015;72:239–45.

26. Ramien M, Goldman JL. Pediatric SJS-TEN: where
are we now? F1000 Res. 2020;9:982.

27. Chang VS, Chodosh J, Papaliodis GN. Chronic
ocular complications of Stevens-Johnson syndrome
and toxic epidermal necrolysis: the role of systemic
immunomodulatory therapy. Semin Ophthalmol.
2016;31:178–87.

28. Schneider JA, Cohen PR. Stevens-Johnson syn-
drome and toxic epidermal necrolysis: a concise
review with a comprehensive summary of thera-
peutic interventions emphasizing supportive mea-
sures. Adv Ther. 2017;34:1235–44.

29. Chung W-H, Hung S-I, Yang J-Y, et al. Granulysin is
a key mediator for disseminated keratinocyte death
in Stevens-Johnson syndrome and toxic epidermal
necrolysis. Nat Med. 2008;14:1343–50.

30. Saito Y, Kodama S, Sugiyama E, Nakamura R. Pre-
dictive genomic markers for severe adverse drug
reactions. Yakugaku Zasshi. 2015;135:589–95.

31. Cheng CY, Su SC, Chen CH, Chen WL, Deng ST,
Chung WH. HLA associations and clinical implica-
tions in T-cell mediated drug hypersensitivity
reactions: an updated review. J Immunol Res.
2014;2014: 565320.

32. Rojeau JC, Huynh TN, Bracq C, Guillaume JC,
Revuz J, Touraine R. Genetic susceptibility to toxic
epidermal necrolysis. Arch Dermatol. 1987;123:
1171–3.

33. Jung J-W, Song W-J, Kim Y-S, et al. HLA-B58 can
help the clinical decision on starting allopurinol in
patients with chronic renal insufficiency. Nephrol
Dial Transplant. 2011;26:3567–72.

34. Sharma N, Venugopal R, Maharana PK, et al. Mul-
tistep grading system for evaluation of chronic
ocular sequelae in patients with Stevens-Johnson
syndrome. Am J Ophthalmol. 2019;203:69–77.

35. Chow LLW, Shih KC, Chan JCY, Lai JSM, Ng ALK.
Comparison of the acute ocular manifestations of
Stevens-Johnson syndrome and toxic epidermal
necrolysis in Chinese eyes: a 15-year retrospective
study. BMC Ophrhalmology. 2017;17:65.

36. Kang MH. Ocular manifestations of Stevens-John-
son syndrome and toxic epidermal necrolysis.
Hanyang Med Rev. 2016;36:174–81.

37. Ciralsky JB, Sippel KC, Gregory DG. Current oph-
thalmologic treatment strategies for acute and
chronic Stevens-Johnson syndrome and toxic epi-
dermal necrolysis. Curr Opin Ophthalmol. 2013;24:
321–8.

38. Gregory DG. New grading system and treatment
guidelines for the acute ocular manifestations of
Stevens-Johnson syndrome. Ophthalmology.
2016;123:1653–8.

39. Bastuji-Garin S, Fouchard N, Bertocchi M, Roujeau
JC, Revuz J, Wolkenstein P. SCORTEN: a severity-of-
illness score for toxic epidermal necrolysis. J Invest
Dermatol. 2000;115:149–53.

40. Noe MH, Rosenbach M, Hubbard RA, et al. Devel-
opment and validation of a risk prediction model
for in-hospital mortality among patients with Ste-
vens-Johnson syndrome/toxic epidermal necroly-
sis-ABCD-10. JAMA Dermatol. 2019;155:448–54.

41. Koh HK, Fook-Chong S, Lee HY. Assessment and
comparison of performance of ABCD-10 and
SCORTEN in prognostication of epidermal necrol-
ysis. JAMA Dermatol. 2020;156:1294–9.

1808 Ophthalmol Ther (2023) 12:1795–1811

https://doi.org/10.1111/ajd.13958


42. Saeed HN, Chodosh J. Ocular manifestations of
Stevens-Johnson syndrome and their management.
Curr Opin Ophthalmol. 2016;27:522–9.

43. Metcalfe D, Iqbal O, Chodosh J, Bouchard CS, Saeed
HN. Acute and chronic management of ocular dis-
ease in Stevens-Johnson syndrome/toxic epidermal
necrolysis in the USA. Front Med (Lausanne).
2021;8: 662897.

44. Lee HY, Walsh SA, Creamer D. Long-term compli-
cations of Stevens-Johnson syndrome/toxic epider-
mal necrolysis (SJS/TEN): the spectrum of chronic
problems in patients who survive an episode of SJS/
TEN necessitates multidisciplinary follow-up. Br J
Dermatol. 2017;177:924–35.

45. Shanbhag SS, Singh S, Koshy PG, Donthineni PR,
Basu S. A beginner’s guide to mucous membrane
grafting for lid margin keratinization: review of
indications, surgical technique and clinical out-
comes. Indian J Ophthalmol. 2021;69:794–805.

46. Zilliox MJ, Gange WS, Kuffel G, et al. Assessing the
ocular surface microbiome in severe ocular surface
diseases. Ocul Surf. 2020;18:706–12.

47. Gueudry J, Roujeau JC, Binaghi M, Soubrane G,
Muraine M. Risk factors for the development of
ocular complications of Stevens-Johnson syndrome
and toxic epidermal necrolysis. Arch Dermatol.
2009;145:157–62.

48. Grünwald P, Mockenhaupt M, Panzer R, Emmert S.
Erythema multiforme, Stevens-Johnson syn-
drome/toxic epidermal necrolysis—diagnosis and
treatment. J Dtsch Dermatol Ges. 2020;18:547–53.

49. Duarte AF, Cruz MJ, Moreira E, Baudrier T, Mota A,
Azevedo F. Stevens-Johnson syndrome/erythema
multiforme major and Chlamydia pneumoniae
infection in young patients. Dermatol Reports.
2010;2: e6.

50. Kohanim S, Palioura S, Saeed HN, et al. Stevens-
Johnson syndrome/toxic epidermal necrolysis—a
comprehensive review and guide to therapy. I.
Systemic disease. Ocul Surf. 2016;14:2–19.

51. Garcia-Doval I, LeCleach L, Bocquet H, Otero XL,
Roujeau JC. Toxic epidermal necrolysis and Ste-
vens-Johnson syndrome: does early withdrawal of
causative drugs decrease the risk of death? Arch
Dermatol. 2000;136:323–7.

52. Cavkaytar O, Kuyucu S. An update on the man-
agement of severe cutaneous drug hypersensitivity
reactions. Curr Pharm Des. 2019;25:3881–901.

53. Papp A, Sikora S, Evans M, et al. Treatment of toxic
epidermal necrolysis by a multidisciplinary team. A

review of literature and treatment results. Burns.
2018;44:807–15.

54. Shanbhag SS, Chodosh J, Fathy C, Goverman J,
Mitchell C, Saeed HN. Multidisciplinary care in
Stevens-Johnson syndrome. Ther Adv Chronic Dis.
2020;11:2040622319894469.

55. John T, Foulks GN, John ME, Cheng K, Hu D.
Amniotic membrane in the surgical management of
acute toxic epidermal necrolysis. Ophthalmology.
2002;109:351–60.

56. Shanbhag SS, Hall L, Chodosh J, Saeed HN. Long-
term outcomes of amniotic membrane treatment in
acute Stevens-Johnson syndrome/toxic epidermal
necrolysis. Ocul Surf. 2020;18:517–22.

57. Shanbhag SS, Chodosh J, Saeed HN. Sutureless
amniotic membrane transplantation with
cyanoacrylate glue for acute Stevens-Johnson syn-
drome/toxic epidermal necrolysis. Ocul Surf.
2019;17:560–4.

58. Shanbhag SS, Rashad R, Chodosh J, Saeed HN.
Long-term effect of a treatment protocol for acute
ocular involvement in Stevens-Johnson syn-
drome/toxic epidermal necrolysis. Am J Ophthal-
mol. 2019;208:331–41.

59. Kim DH, Yoon KC, Seo KY, et al. The role of sys-
temic immunomodulatory treatment and prog-
nostic factors on chronic ocular complications in
Stevens-Johnson syndrome. Ophthalmology.
2015;122:254–64.

60. Zimmermann S, Sekula P, Venhoff M, et al. Sys-
temic immunomodulating therapies for Stevens-
Johnson syndrome and toxic epidermal necrolysis:
a systematic review and meta-analysis. JAMA Der-
matol. 2017;153:514–22.

61. Lee HY, Dunant A, Sekula P, et al. The role of prior
corticosteroid use on the clinical course of Stevens-
Johnson syndrome and toxic epidermal necrolysis:
a case–control analysis of patients selected from the
multinational EuroSCAR and RegiSCAR studies. Br J
Dermatol. 2012;167:555–62.

62. Halebian PH, Corder VJ, Madden MR, Finklestein
JL, Shires GT. Improved burn center survival of
patients with toxic epidermal necrolysis managed
without corticosteroids. Ann Surg. 1986;204:
503–12.

63. Worswick S, Cotliar J. Stevens-Johnson syndrome
and toxic epidermal necrolysis: a review of treat-
ment options. Dermatol Ther. 2011;24:207–18.

64. Ahluwalia J, Wan J, Lee DH, Treat J, Yan AC.
Mycoplasma-associated Stevens-Johnson syndrome
in children: retrospective review of patients

Ophthalmol Ther (2023) 12:1795–1811 1809



managed with or without intravenous
immunoglobulin, systemic corticosteroids, or a
combination of therapies. Pediatr Dermatol.
2014;31:664–9.

65. Yip LW, Thong BY, Tan AW, Khin L-W, Chng H-H,
Heng W-J. High-dose intravenous immunoglobulin
in the treatment of toxic epidermal necrolysis: a
study of ocular benefits. Eye (Lond). 2005;19:
846–53.

66. Stella M, Cassano P, Bollero D, Clemente A, Giorio
G. Toxic epidermal necrolysis treated with intra-
venous high-dose immunoglobulins: our experi-
ence. Dermatology. 2001;203:45–9.

67. Araki Y, Sotozono C, Inatomi T, et al. Successful
treatment of Stevens-Johnson syndrome with ster-
oid pulse therapy at disease onset. Am J Ophthal-
mol. 2009;147:1004–11.

68. Han F, Zhang J, Guo Q, et al. Successful treatment
of toxic epidermal necrolysis using plasmapheresis:
a prospective observational study. J Crit Care.
2017;42:65–8.

69. Furubacke A, Berlin G, Anderson C, Sjöberg F. Lack
of significant treatment effect of plasma exchange
in the treatment of drug-induced toxic epidermal
necrolysis? Intensive Care Med. 1999;25:1307–10.

70. Paquet P, Piérard GE. Would cyclosporin A be
beneficial to mitigate drug-induced toxic epidermal
necrolysis? Dermatology. 1999;198:198–202.

71. Valeyrie-Allanore L, Wolkenstein P, Brochard L,
et al. Open trial of ciclosporin treatment for Ste-
vens-Johnson syndrome and toxic epidermal
necrolysis. Br J Dermatol. 2010;163: 847853.

72. Wolkenstein P, Latarjet J, Roujeau JC, et al. Ran-
domised comparison of thalidomide versus placebo
in toxic epidermal necrolysis. Lancet. 1998;352:
1586–9.

73. Pereira FA, Mudgil AV, Rosmarin DM. Toxic epi-
dermal necrolysis. J Am Acad Dermatol. 2007;56:
181–200.

74. Kohanim S, Palioura S, Saeed HN, et al. Acute and
chronic ophthalmic involvement in Stevens-John-
son syndrome/toxic epidermal necrolysis—a com-
prehensive review and guide to therapy. II.
Ophthalmic disease. Ocul Surf. 2016;14:168–88.

75. Neerukonda VK, Stagner AM. Stevens Johnson
syndrome: a review of a vision and life-threatening
mucocutaneous disease including histopathology
with updates on pathogenesis and genetic risk fac-
tors. Semin Ophthalmol. 2021;36:270–81.

76. Wu M-F, Stachon T, Seitz B, Langenbucher A,
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