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e PURPOSE: To report the outcomes of prosthetic
replacement of the ocular surface ecosystem (PROSE)
treatment in pediatric patients with chronic ocular sur-
face disease associated with Stevens-Johnson syndrome/
toxic epidermal necrolysis (SJS/TEN).

e DESIGN: Retrospective, interventional case series.

e METHODS: Patients aged 18 years or younger seen in
consultation for PROSE treatment at a single center be-
tween January 1992 and December 2016 with a history
of SJS/TEN were reviewed. Demographics, etiology of
SJS/TEN, age at treatment milestones, best-corrected
visual acuity (BCVA) at treatment milestones, and treat-
ment failures were recorded. BCV A at the initial presenta-
tion visit was compared to BCVA at the time of PROSE
device dispense and at the last recorded visit.

e RESULTS: Twenty-seven female and 22 male patients
were reviewed. Reported etiology was antibiotic (n =
19), antiepileptic (n = 9), antipyretic (n = 9), other
(n = 3), and unknown (n = 9). The mean age was 6.4
years at disease onset and 9.3 years at time of initial presen-
tation. The mean duration of follow-up was 5.45 years.
The median BCVA at the initial presentation was 0.6
logMAR (20/80 Snellen), and was significantly improved
to 0.18 logMAR (20/30 Snellen) at the time a PROSE de-
vice was dispensed (P < .0001). The median BCVA at
the last recorded visit was significantly improved to 0.18
logMAR (20/30 Snellen, P = .0004). There were 15 pa-
tients who failed PROSE treatment (30.6%).

e CONCLUSIONS: PROSE treatment is feasible in over
two thirds of pediatric patients with chronic ocular sur-
face disease related to SJS/TEN and results in significant
improvement in vision that is durable over a period of
many years. (Am ] Ophthalmol 2019;201:1-8. ©
2019 Elsevier Inc. All rights reserved.)
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TEVENS-JOHNSON SYNDROME (SJS) AND TOXIC
epidermal necrolysis (TEN) are a spectrum of
immune-mediated mucocutaneous diseases that cause
sloughing of the skin and mucous membranes. Ophthalmol-
ogists should be consulted as early as possible after the diag-
nosis is suspected to treat the acute disease and prevent long-
term complications. Chronic ocular surface disease occurs in
35%-79% of patients."” In studies on TEN in pediatric
patients, up to 70% were found to have chronic ocular
sequelae.” Ocular surface disease in SJS/TEN is multifacto-
rial; disordered eyelid margin anatomy appears to be a key
component in ocular surface disease with eyelid malposition,
trichiasis, meibomian gland atrophy, and posterior eyelid
margin keratinization leading to chronic corneal inflamma-
tion, neovascularization, scarring, and limbal stem cell
dysfunction.” © Current treatment practices of both adult
and pediatric disease are largely based on adult data.
Current approaches for treatment of the chronic phase of
the disease include aggressive lubrication, punctal occlu-
sion, topical corticosteroids, topical cyclosporine, eyelid
surgery to correct malposition, and mucous membrane
grafting to reconstruct the eyelid margin and fornix.”*™°
Prosthetic replacement of the ocular surface ecosystem
(PROSE) treatment has also been reported in the chronic
phase of SJS/TEN,’ with positive outcomes. Penetrating
keratoplasty” or keratoprosthesis’ surgeries are reserved
for severe cases and visual outcomes are often poor.
Therapeutic contact lenses can be used as a nonsurgical
management for many different sequelae of chronic ocular
surface disease. Contact lenses create a protective barrier
between the corneal epithelium and an inhospitable surface
environment. Options include soft (bandage) contact
lenses, rigid gas-permeable contact lenses, and scleral
lenses. PROSE treatment uses a customized scleral lens
prosthetic device that vaults over the cornea, creating a
fluid-filled reservoir on the ocular surface.'>'! It protects
the corneal epithelium from eyelid trauma, acts as a
shield against evaporation, and allows for maintenance of
a fluid reservoir over the cornea. The PROSE device has
been used in adults to treat a number of ocular surface
diseases including SJS/TEN, graft-vs-host disease, and se-
vere dry eye syndrome.”'%!* Previous studies have shown

that PROSE treatment in the chronic phase of SJS/TEN
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can improve visual function and acuity.”'’ PROSE
treatment can also prevent or mitigate progression of
ocular disease in SJS/TEN. However, once a critical
window of opportunity has passed, PROSE treatment may
no longer be beneficial.® Positive impact of other scleral
lenses in SJS has been reported from France, Japan, and
Brazil.'* '

Contact lenses can be used in children, despite obvious
challenges related to cooperation, tolerance, and caregiver
compliance.* PROSE treatment in the pediatric popula-
tion has been reported, with SJS patients among the sub-
jects described.'”'® However, there are no studies
specifically evaluating PROSE treatment in children with
SJS/TEN. In this study, we report outcomes of PROSE
treatment in a pediatric population affected by SJS/TEN.

METHODS

THIS RETROSPECTIVE COHORT STUDY WAS CONDUCTED IN
accordance with the Declaration of Helsinki and is
compliant with the Health Insurance Portability and
Accountability Act. It was approved by the New England
Independent Review Board.

We conducted a database search of patients who were
evaluated at BostonSight (BoS) in Needham, Massachu-
setts, USA for PROSE treatment, from January 1, 1992 to
December 31, 2016. The search criteria were for patients
who had ocular surface disease caused by SJS or TEN and
were aged less than 18 years at the time of presentation.
The medical records of these patients underwent retrospec-
tive review.

Patient demographics and reported etiology of SJS/TEN
were recorded. Age was recorded from 3 milestones: disease
onset, initial BoS presentation, and date of confirmed de-
vice wear. Symptoms at initial presentation were recorded.
Notation of clinical findings at initial examination of these
photophobic children was highly variable; for this reason,
data on corneal findings at presentation were not extracted
for this study. Eyes with a symblepharon to the cornea or
within 2 mm of the limbus were categorized as “non-candi-
date” at initial presentation, were not subject to the trial
and fitting process, and were not included in the analysis
reported here. During the fitting process, a series of custom-
ized lenses with modifications to allow for physiologic func-
tion are designed, manufactured, and then subjected to on-
eye trials of 1, 3, and 6 hours at BoS. Patients undergoing
PROSE treatment, and their caregivers, are trained to
insert and remove the devices by specially trained techni-
cians. Once the patients/caregivers can demonstrate that
they are consistently able to apply and remove the device,
and a device with optimal fit and physiologic tolerance is
confirmed, they are dispensed with devices to begin wear-
ing at home.

2 AMERICAN JOURNAL OF OPHTHALMOLOGY

Best-corrected visual acuity (BCVA) was measured at
each visit in standard conditions using a Snellen chart.
The BCVA at initial presentation, at the visit during which
devices were dispensed, and at the last recorded visit at the
time of this study was extracted. For statistical analysis, this
BCVA was converted to logMAR. Counting fingers acuity
was assigned a logMAR equivalence of 2.0 and hand
motion acuity assigned a logMAR of 3.0. Results are re-
ported as median because logMAR is not a linear scale,
and patients with counting fingers (CF), hand motion
(HM), and light perception (LP) vision skew the mean.

Daily wear time and device diameter were extracted
from the last recorded visit. Patients who could not success-
fully wear devices were categorized as fitting, training, or
wearing failures. Fitting failures were instances in which
patients could not cooperate with serial lens trials.
Training failures were instances in which the patient or
caregiver could not cooperate for or manage application
and removal of the device. Wearing failures were instances
in which the patient had devices dispensed, but daily wear
was abandoned. The age at consultation, BCVA at initial
consultation, and BCVA when devices were dispensed
were compared between patients who were successful and
patients who failed treatment.

The statistical analysis was conducted using InStat
(GraphPad Software, Inc, La Jolla, California, USA).
Figure 1 is a flow chart showing the number of patients/
eyes in whom BCVA was available and used for analysis.
The Shapiro-Wilk test confirmed that the data had a
Gaussian distribution. Two-tailed, unpaired t tests were
conducted to compare BCVA at the time of initial presen-
tation vs initial PROSE device dispense date, as well as
initial presentation vs last recorded visit. The age at presen-
tation, initial BCVA, and BCVA at device dispense date
were also compared between patients who failed treatment
and patients who succeeded using 2-tailed unpaired ¢t tests.
Significance was defined as P < .05.

RESULTS

e DEMOGRAPHICS AND CLINICAL CHARACTERISTICS:
Forty-nine patients were identified for this study. The
mean duration of follow-up was 5.45 years (range, 1 visit
to 23 years). The presumed cause of SJS/TEN was antibi-
otics in 39% of patients (n = 19), antiepileptics in 18.3%
(n = 9), antipyretic in 18.3% (n = 9), and other causes
in 6% (1 case from mycoplasma, 1 case from quinine, 1
case from a viral infection). The etiology was unknown or
not recorded in 18.3% of patients (n = 9) (Supplemental
Table; Supplemental Material available at AJO.com).

We report patient age at 3 important treatment mile-
stones: age of disease onset, age at first presentation to
BoS, and age at successful PROSE wear. The mean age of
disease onset was 6.4 years (range, 2—16 years). The mean
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94 eyes reviewed

A 4

Initial Presentation

83 eyes with initial vision recorded

7 eyes could not cooperate for vision but continued treatment

4 eyes failed treatment

A\ 4

A4

Device Dispense Visit

75 eyes with vision recorded

6 eyes could not cooperate for vision but continued treatment

1 eye enucleated
2 eyes fit after study period
6 eyes failed treatment

\4

A 4

Final Visit

61 eyes with vision recorded at last visit

|20 eyes failed treatment

FIGURE 1. Flow chart of patients and eyes in the cohort.

age at presentation to BoS was 9.3 years (range, 4-17
years). The mean age at the date of confirmed device
wear was 9.4 years (range, 4-16 years). The distribution
of age and sex of patients at the time of confirmed wear is
presented in Figure 2.

e SYMPTOMS: Patient- and/or caregiver-reported symp-
toms recorded at the initial presentation were tallied.
Nearly half of the patients (n = 22) reported more than
1 symptom, resulting in a total number (n) greater than
49. The most common symptom was photophobia, which
was reported by 34 patients and/or caregivers. Other symp-
toms included dryness/burning (n = 10), decreased vision
(n=12), pain/discomfort (n = 10), and foreign body sensa-
tion/itching (n = 7).

e VISUALOUTCOMES: BCVA was extracted at 3 treatment
milestones: initial presentation, device dispense date, and
last recorded visit. Four patients were treated only in 1
eye and the untreated eye was excluded from the analysis.
The median BCVA at initial presentation was 0.6 logMAR
(Snellen 20/80, range, 20/20 to HM; n = 83 eyes). The me-
dian BCVA at dispense date was 0.18 logMAR (Snellen 20/
30, range, 20/20 to HM; n = 75 eyes), which was signifi-
cantly better than at initial presentation (unpaired t test,
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P < .0001). The median visual acuity at the final visit
recorded was 0.18 logMAR (Snellen 20/30, range, 20/20
to HM; n = 61 eyes), which was a significant improvement
compared to the initial BCVA (unpaired t test, P = .0004).
Impact on visual acuity is presented in Figure 3. Figure 4 is
an illustrative example from this cohort demonstrating sta-
bility of the ocular surface and improvement in visual acuity
over 9 years in a case of pediatric SJS/TEN.

e WEARING CHARACTERISTICS: Patients in whom daily
wear was confirmed reported a mean daily wear time of

13.4 hours per day. The mean diameter of the PROSE de-

vice in these patients was 17.4 mm (range, 14-21 mm).

e TREATMENT FAILURE: Fifteen of 49 patients (30.6%)
failed PROSE treatment. There were 9 patients who were
categorized as fit or training failures and 6 patients who
were categorized as wearing failures. Two patients in the
wearing failure category were fitted and trained but were
lost to follow-up after devices were dispensed. The age at pre-
sentation and sex of these failures is also represented in
Figure 2. Specific details of these patients are provided in
the Table. The mean age at the time of initial presentation
was 8.3 years (range, 217 years) in this subgroup. This was
not different from the mean age of 9.2 years for those who
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FIGURE 2. Patient age at dispense or failure of prosthetic replacement of the ocular surface ecosystem (PROSE) device, by sex. Solid
bars: Distribution of patient age and sex at the date of confirmed PROSE device wear. Hatched bars: Distribution of patient age at

presentation and sex who ultimately failed PROSE treatment.
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FIGURE 3. Best-corrected visual acuity (BCVA) at treatment milestones. The BCV A at the date of device dispense was significantly
better than the BCV A at initial consultation. The BCV A at the final visit recorded in patients who achieved consistent daily wear was
also significantly better than BCVA at initial consultation. * indicates statistical significance (P < .05).

were successful PROSE users (unpaired t test, P =.24). In pa-
tients who failed treatment, the median BCVA at initial pre-
sentation was 1.0 logMAR (Snellen 20/200, range, 20/30 to
LP; n = 24 eyes). This was worse, but not statistically
different, compared to the median BCVA of 0.6 logMAR
in patients who were successful in PROSE treatment
(Snellen 20/80, range, 20/20 to LP; n = 60 eyes; unpaired t
test, P = .32). In patients who failed treatment, the median
BCVA at the time of device dispense was 0.18 logMAR
(Snellen 20/30, range, 20/20 to LP; n = 20 eyes), which

was not significantly different compared to the median

4
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BCVA of 0.18 logMAR (Snellen 20/30, range, 20/20 to
CF; n = 55) in patients with successful treatment (unpaired

t test, P = .82) (Figure 5).

DISCUSSION

OCULAR SURFACE DISEASE IN THE SUBACUTE AND
chronic phases of SJS/TEN is generally thought of as pro-
gressive, causing pain, photophobia, and loss of vision
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FIGURE 4. A 14-year-old patient referred for prosthetic replacement of the ocular surface ecosystem (PROSE) treatment 8 years
after Stevens-Johnson syndrome as a reaction to an antibiotic at age 6. She was photophobic with best-corrected visual acuity (BCVA)
of counting fingers at 2 feet in the right eye and counting fingers at 1 foot in the left eye at initial consultation. Twelve fitting and
training visits over the next 6 months were necessary in order to dispense devices. The patient returned after 2 months of daily
wear and reported less photophobia. Her BCVA in PROSE devices was 20/50 in the right eye (Top left) and 20/400 in the left
(Top right). Nine years later, at age 23, her BCVA in PROSE devices was 20/30 in the right eye (Bottom left) and 20/60 in the

left eye (Bottom right).

which is at best only partially responsive to medical inter-
vention. Pediatric patients present additional challenges
because of limitations in cooperation and communication.
Local therapies such as lubricating eye drops, ointments,
and topical medications create logistical demands on care-
givers and require cooperation of the child. Even with
optimal adherence and cooperation, symptoms may not
be adequately controlled. In this cohort, all patients were
managed initially by a primary ophthalmologist, and were
referred to BoS because of ongoing symptoms despite
topical therapy and/or surgical interventions.

In this cohort we found that the most common presenting
symptom by far was photophobia, which was present in 69%
of patients. This finding is likely a reflection of how children
express their visual discomfort. Younger children may not
have the vocabulary to express symptoms of pain or burning
but react with withdrawal to light. For the same reason,
reduced vision may be underrepresented as a complaint in
this population. It should be noted that symptoms recorded
were based on self-report or caregiver report; symptoms
were not specifically or systematically queried. Symptoms

VoL. 201

are difficult to quantify in children; discussion on the change
in symptoms with PROSE treatment is beyond the scope of
this study. Several surveys have been validated to evaluate
visual symptoms and function in ocular surface disease, but
none have been designed for pediatric patients.'” Our clin-
ical impression is that PROSE treatment in children results
in marked reduction of photophobia and improvement in
overall visual function, but neither was measured in the pe-
diatric patients at this single center.

There was an interval of 3 years between the mean age of
disease onset and the mean age of presentation to BoS for
PROSE treatment. Lack of awareness by physicians and pa-
tients as well as limited access to PROSE treatment are all
likely contributory. During the interval covered in this
study, availability of PROSE treatment increased with
the establishment of a network of 12 centers in the conti-
nental United States and several abroad. Fitting PROSE
devices and training in their application and removal typi-
cally requires multiple visits over weeks and sometimes
even years, depending on the child’s capacity for coopera-
tion, all of which may serve as a deterrent for families.

PROSE TREATMENT IN PATIENTS WITH STEVENS-JOHNSON SYNDROME 5



TABLE. Age, Sex, and Cause of Failure in Patients who
Failed PROSE Treatment

Age, Sex Reason for Failure

2,F Training failure; could not cooperate for trial
lenses

3,F Training failure; could not cooperate for
fitting

4, F Training failure; could not cooperate for
fitting

4, F Training failure; difficult for patient and
parents to insert and remove

5 M Wearing failure; did not notice any
improvement in symptoms

8, F Wearing failure; lost to follow-up

8, F Training failure; could not insert device

8, F Wearing failure

8, M Training failure

9,F Training failure

9, M Wearing failure; abandoned wear possibly
owing to no perceived difference in
symptoms or vision

10, F Training failure

13, M Wearing failure; lost to follow-up

16, M Training failure

17, M Wearing failure; could not tolerate daily

wear

PROSE treatment failure rates are not widely reported.
An earlier study from this same center suggested a failure
rate of 25.8% in a cohort of pediatric patients with a range
of diagnoses.'® We report a 30.6% (15/49) failure rate in
pediatric patients with SJS/TEN. The age of patients who
failed treatment in our study ranged from 2 to 17 years,
with a mean of 8.3 years, which is younger, but not signif-
icantly different, when compared to patients who were able
to achieve daily wear. This suggests that age is not a
limiting factor in training success. Lower baseline BCVA
was associated with PROSE failure but not to the point
of statistical significance in this cohort of modest size.
The capacity for fixation and handling of PROSE is hin-
dered by poor visual acuity. Whether this signifies more
advanced disease with features that are not amenable to
PROSE wear, such as severe corneal opacification, vs logis-
tical difficulties with application and removal secondary to
a poor fellow eye remains to be ascertained.

Ocular surface disease from SJS/TEN is a chronic disease
and requires lifelong ophthalmologic care. We found that
some patients who failed to achieve consistent daily wear
were able to return for fitting and training at a later time
and achieve success. The average duration of the fitting
and training process in this cohort was 3.88 months, but
the range varied from a single session to 3 years. This high-
lights the importance of perseverance when training
and fitting children. Our experience is that if the first few
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attempts are not successful, it is still worthwhile to have
the patient return after an interval of 6—12 months. Repeated
trials and failures during a shorter interval tend to be stressful
for the child, caretakers, and clinicians. The adage “if at first
you don’t succeed, try, try again” applies here, but only if
enough time elapses to allow for maturation and control
over reflex squeezing and blinking. This is different from
our experience with adults, in whom reinforcement of strate-
gies to reduce reflex squeezing are most successful if under-
taken on a consecutive daily basis, with nearly all patients
fitted and trained within a 2-week period of successive daily
visits.

We also note a very broad range of final device diame-
ters, with a mean of 17.4 mm, which is smaller than typi-
cally used in our practice. Smaller trial lenses may be
selected for these patients to avoid interaction with
symblephara and for ease of application in a patient with
less than ideal cooperation. Smaller lenses may be associ-
ated with compression, impingement, and suction, all of
which can lead to hypoxia and neovascularization. It is
our practice, once successful PROSE wear is achieved
and photophobia is improved, to modify fit, including
increasing diameter to the 18-19.0 mm range, to reduce
likelihood of complications related to smaller scleral lenses.
In SJS/TEN, the presence of symblephara sometimes neces-
sitates continuing in a smaller diameter, which requires
attentive monitoring of the cornea and adjustment of
haptic contour as required.

In reviewing our data and considering clinical experi-
ence retrospectively, the authors present these observa-
tions: (1) Patients who could not cooperate for
therapeutic soft contact lens (bandage lens) insertion,
either by an eye health professional or caregiver, typically
could not cooperate for PROSE fitting and training. On
the other hand, if patients or caregivers had a history of suc-
cessful contact lens wear, they had less difficulty in taking
on application and removal of the PROSE device and the
demands of a daily lens disinfection regimen. (2) While
age in general is not a limiting factor, children aged 4 years
and younger are less likely to be successful with PROSE
treatment owing to limited capacity to cooperate for fitting
and daily wear regimens. The youngest patient included in
the study was 2 years old at the time of initial presentation.
This patient was not able to cooperate with fitting and was
determined to be a treatment failure. An additional 3 pa-
tients under the age of 5 were also treatment failures. There
were 2 4-year-old patients who were treatment successes.
Both were cooperative enough to complete fitting within
3 months but did not achieve daily wear at home until
they presented again 3—4 years later. The youngest patients
to achieve daily consistent wear without any significant
delay were 5 years old.

Although pediatric patients may be included in reports
on therapeutic contact lens, scleral lens, or PROSE treat-
ment, there are few reports specifically on the pediatric
experience. In 2008, Gungor and associates reviewed this
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Visual Acuity of Treatment Successes vs Failures
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FIGURE 5. Best-corrected visual acuity (BCVA) of treatment successes compared to failures. The median BCVA at the initial
consultation was better in patients who were treatment successes compared to treatment failures, but this was not statistically signif-
icant (P = .32). The median BCVA at the device dispense visit was also not different between patients who were treatment successes

vs treatment failures (P = .82).

center’s use of PROSE devices in 31 pediatric patients that
were under age 13, with a range of ages 7 months to 12.92
years and a mean of 7.75 years.'” Rathi and associates sub-
sequently reported on the use of PROSE devices in patients
under age 16, with a range of 8-16 years and mean of 12.85
years.'” Both studies reported that daily wear of PROSE de-
vices in children was feasible.

Of note, SJS/TEN was the most common indication for
PROSE treatment in both of these studies. Overall, ocular
surface disease is a more common indication for PROSE treat-
ment in the pediatric population (70%-87%)""'® compared
to the adult population (43 %-53%)'>!? wherein corneal
ectasia and refractive correction account for a larger
proportion. QOur study is the first to specifically address
PROSE treatment in pediatric patients with ocular surface
disease from SJS/TEN. The median initial vision of patients
at presentation was 20/80, which improved to 20/30 with
PROSE treatment. This is consistent with the visual
improvement found in PROSE use in adults with SJS.’
Furthermore, we show that PROSE treatment is durable in
these children over a mean follow-up time of 5.45 years.

A major limitation of this study is that it is a retrospec-
tive review with no control group. There may be a selection
bias in that patients seen at this single center may be
different from pediatric SJS/TEN patients in general.

Furthermore, follow-up data were only available for those
who continued with PROSE treatment, introducing
another element of selection bias. It is possible that those
who failed PROSE treatment also had similar improvement
and stability of vision. A recent retrospective comparative
case series, however, does suggest worsening disease over
time in a control group of pediatric SJS/TEN patients
who did not receive PROSE treatment compared to those
who did.”® We also acknowledge that vision was tested ac-
cording to clinical rather than scientific standards, with
poor quantification of low vision or preliterate vision. Pa-
tients who did not cooperate with visual acuity testing
were excluded from the statistical analysis. This bias could
potentially result in artifactually better baseline BCVA. If
capacity for cooperation correlates with reduced visual acu-
ity rather than pain or photophobia, our methodology
would underestimate the degree of improvement in
BCVA with PROSE treatment.

In conclusion, despite the obvious challenges of daily
application and removal of a scleral lens prosthetic device
in the pediatric age group, PROSE treatment is feasible and
can result in improved vision in children as young as age 4
with chronic ocular surface disease from SJS/TEN.
Improvement in BCV A remains stable in children wearing
PROSE devices over a period of more than 5 years.
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