or at a different medical facility. Corneal reconstruction
was performed in 21 eyes: COMET in 9 eyes, cultivated
limbal epithelial transplantation in 5 eyes, limbal trans-
plantation or keratoepithelioplasty in 5 eyes, and pene-
trating keratoplasty or lamellar keratoplasty in 6 eyes.
Conjunctival reconstruction was performed in 17 eyes: am-
niotic membrane transplantation in 11 eyes, COMET in 2
eyes, oral mucosal transplantation in 2 eyes, and other sur-
geries in 2 eyes. Cataract surgery was performed in 13 eyes.
Entropion surgeries were performed in 12 eyes, and ptosis
surgeries were performed in 4 eyes. Fitting and use of the
limbal CL was initiated only when the ocular surface had
been stable for at least 1 month after cataract or eyelid sur-
gery and for at least 3 months after ocular surface recon-
struction or keratoplasty.

* OCULAR SURFACE GRADING SCORE: As reported previ-
ously, the ocular surface grading score reflects the severity
of sequelae caused by SJS or TEN.? The loss of the pali-
sades of Vogt and meibomian gland involvement were
grade 3 in 50 eyes (94.3%) and 51 eyes (96.2%), respec-
tively. That is, more than 95% of eyes were limbal stem
cell deficient and also had severe meibomian gland
dysfunction. Mild to moderate neovascularization and
opacification of the cornea existed (Supplemental Table,
available at AJO.com).

There were 11 eyes in group 1, 31 eyes in group 2, and 11
eyes in group 3. All ocular surface grading scores (except
those for hyperemia and punctal damage), as well as the
total score, were highest in group 1 and lowest in group 3
(Table 1).

e TEAR EXCHANGE UNDER THE CONTACT LENS: The re-
sults of the tear-exchange experiment revealed substantial
differences in fluorescein staining patterns and concentra-
tions between the scleral CL and the limbal CL. Fluores-
cein patterns showed no change of fluorescein
concentration over a 10-minute period in the eyes with
the scleral CL, but did reveal a gradual decrease of fluores-
cein concentration in the eyes with the limbal CL
(Figure 3).

e LIMBAL CONTACT LENS WEAR IN EYES WITH OCULAR
SURFACE SCARRING: The limbal CLs were able to be

used for eyes with fornix shortening, conjunctivalization,
and neovascularization of the cornea, and there was no
need to fill the CL with saline or artificial tears.
During limbal CL wear, a thin fluid layer existed
beneath the CL (Figure 4) and the precorneal fluid layer
exchanged at every blink (Supplemental Video, available
at A]JO.com).

e VISUAL ACUITY: Best-corrected visual acuity improved
from 1.61 to 0.86 logMAR after 3 months of limbal CL
use, and in 43 eyes (81.1%), the BCVA improvement
was more than 0.2 logMAR (Figure 5). The BCVA
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FIGURE 5. Scatterplot showing the change in best-corrected
visual acuity (BCVA) measured in logarithm of the minimal
angle of resolution (logMAR) units before and at after 3 months
use of the limbal contact lens in 42 patients (53 eyes) with
ocular sequelae resulting from Stevens-Johnson syndrome or
toxic epidermal necrolysis. The diagonal line indicates the
values at which the preoperative and postoperative visual acuity
values were the same. Counting fingers, hand movements, and
light perception were determined to be 0.004, 0.002, and
0.001, respectively.

improvement in groups 1, 2, and 3 was 0.95 logMAR,
0.82 logMAR, and 0.37 logMAR, respectively (Table 2).
Mean BCVA after 3 months of CL use was 1.55 logMAR
in group 1, the worst among the 3 groups. However,
BCVA improvement was best in group 1. Of 29 cases in
which the CL was fitted unilaterally, the CL was fitted in
the eye with better VA in 26 cases and in the eye with
worse VA in 3 cases. At the final examination, the eye
fitted with the limbal CL was the eye with better VA in
all 29 unilateral cases.

* VISUAL FUNCTION QUESTIONNAIRE: The mean NEI
VFQ-25 composite score of the 11 subscores improved
from 37.6 = 16.0t0 58.4 = 17.4 (P = .000001). Significant
improvement was found in all 11 subscores, except for the
score for driving ability (Table 3). Significant improvement
was found not only in the vision-related subscores, but also
in the behavioral subscores. It should be emphasized that
the subscore for mental health (ie, patient well-being)
was very low in group 1, but greatly improved after using
the limbal CL.

Comparison of the subscores among the 3 groups
revealed that the vision-related subscores most improved
in group 3, except for the score for color vision. However,
the subscores of general health most improved in group
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BCVA Before Limbal CL Fitting

Group 1: BCVA Worse Than 20/2000  Group 2: BCVA 20/200 to 20/2000  Group 3: BCVA 20/200 or Better

Total

(logMAR >2), Average Grade

(2 > logMAR > 1), Average Grade (1 > logMAR), Average Grade

No. of eyes 53 1"

BCVA before limbal CL fitting (logMAR) 1.61 2.51

BCVA after 3 months of limbal CL use 0.86 1.55
(logMAR)

BCVA improvement (logMAR) 0.75 0.95

31 i
1.67 0.57
0.85 0.20
0.82 0.37

1 (Table 4). Among the behavioral subscores, social
functioning and dependence improved almost equally
in the 3 groups. Both mental health and role difficulties
(ie, role limitations) improved most in group 3, but
the improvement of mental health in group 1 also
was high.

e LIMBAL CONTACT LENS SIZE, BASE CURVE, AND
PERIPHERAL DESIGN: Of the total 53 eyes, the diameter

of the limbal CL was 14.0 mm in 45 eyes, 13.0 mm in 6
eyes, 12.5 mm in 1 eye, and 16 mm in 1 eye. The base curve
of the lens ranged from 780 to 810 mm in 48 eyes (ie,
750 mm in 1 eye, 760 mm in 1 eye, 770 mm in 3 eyes,
780 mm in 18 eyes, 790 mm in 12 eyes, 800 mm in 7
eyes, and 810 mm in 11 eyes). The size of the optical
zone was 8.0 mm in 2 eyes, 8.5 mm in 32 eyes, 9.0 mm
in 17 eyes, and 9.5 mm in 2 eyes. The peripheral design
was the flat-pattern type in 49 eyes and the tight-pattern
type in 4 eyes.

Because of the highly irregular corneal surface in each
patient, the corneal shape could not be evaluated by use
of topography. To determine the CL size, base curve, and
peripheral design, we first tested the CL fitting using the
790/0/14.0-8.5 flat-pattern type. Next, we changed and
tested the CL, step by step, by evaluating the fluorescein
staining pattern both at rest and during blinking. In the
eyes with slight scarring of the ocular surface, the large
optical zone CL was well fitted and the peripheral tight-
pattern design was preferred.

e LENGTH OF TIME OF CONTACT LENS WEAR AND
ADVERSE EVENTS: In 33 eyes, the limbal CL was used

from morning into the evening, that is, more than 12 hours
per day. In 3 eyes, the CL was used only during the part of
the day when the patients left their house to go outside. In 3
eyes, the patients reported eye pain after several hours of
CL wear; all 3 eyes had severe scarring of the upper fornix,
and the symblepharon was asymmetrical between the upper
and lower fornix. In 1 eye, a small epithelial erosion
occurred, but healed within several days after the discon-
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tinuation of CL wear. No other complications or infections
occurred as a result of CL wear. Seven patients lost their CL

because of low VA, making it extremely difficult for them
to find the CL by themselves.

DISCUSSION

THE OCULAR SEQUELAE RESULTING FROM SJS OR TEN CAN
be devastating to a patient’s vision, and the associated
severe ocular discomfort is extremely serious and lasts
throughout the patient’s life. The improved VA and quality
of life achieved through the use of the tear-exchangeable
limbal CL are encouraging, because this CL has the poten-
tial of being a new treatment option that can provide better
VA, improved ocular comfort, or both for patients with SJS
or TEN.

[t should be emphasized that before the initial use of this
new CL, BCVA in 79% of the eyes (42 of the 53 eyes) was
worse than 20/200 (groups 1 and 2). Moreover, BCVA in
21% of the eyes (11 of the 53 eyes) before CL use was worse
than 20/2000, hand movements, or counting fingers
(group 1). The mean change in BCVA was 0.95 logMAR,
the greatest change being in group 1. Visual acuity
improved immediately after the CL fitting, and the patients
were surprised with the instant improvement. In fact, that
improvement of VA allowed some of the patients to see
their doctor’s face for the first time.

With the use of this new CL, spontaneous exchange of
tear fluids or artificial tears occurs during every blink. In
contrast, with the use of scleral CLs (diameter, 16 to
23 mm), there is little or no exchange of tear fluids or arti-
ficial tears, and the CL must be cleaned every 4 to 6 hours.
Our findings show that all-day wear of our new CL is
possible, because there is no need to remove and clean
the CL during that extended period.

In recent years, semiscleral CLs with a diameter of 15.0
to 18.0 mm were reported to offer the benefit of improving
VA in eyes with severe dry eye or an irregular cornea.’®”’
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After CL Fitting

Before CL Fitting Mean Change

Composite score 11
Mean + SD 37.6 = 16.0 58.5 = 17.4 20.8 £ 15,8 .000001
Median (range) 35.2 (8.4 to 69.4) 58.4 (23.2 t0 92.7) 21.6 (-17.2 10 59.7)

Composite score 7
Mean + SD 35.7 + 16.0 58.4 +17.6 22.7 £ 17.6 .000001
Median (range) 35.1 (4.3 to 67) 57.2 (17.0 t0 93.9) 20.7 (-17.4 t0 67)

Subscale scores

General health
Mean *+ SD 47.4 = 21.2 58.8 = 15.1 11.4 = 21.6 .006265
Median (range) 50 (0 to 100) 60 (5 to 85) 0 (-27.5 to 65)

Vision-related subscales

General vision
Mean =+ SD 32.6 = 15.8 65.1 + 20.3 32.6 + 22.6 .000001
Median (range) 30 (0 to 75) 70 (0 to 100) 35 (-15 to 75)

Near vision
Mean + SD 31.1 +17.0 53.1 + 21.7 22 = 19.9 .000007
Median (range) 29.2 (0 to 66.7) 54.2 (8.3 to 100) 22.5 (-16.7 t0 66.7)

Distance vision
Mean + SD 29.9 + 17.2 53.4 = 18.3 23.5 = 18.7 .000003
Median (range) 33.3(0to 62.5) 50 (12.5 to 95) 25 (-12.5 to 60)

Color vision
Mean + SD 62.9 = 24.2 77.1 = 21.0 14.3 = 241 .003496
Median (range) 75 (0 to 100) 75 (0 to 100) 0 (-50to 75)

Peripheral vision
Mean * SD 33.1 = 24.0 50.0 = 23.9 16.9 = 255 .000447
Median (range) 25 (0 to 100) 50 (0 to 100) 25 (-75t0 75)

Ocular pain
Mean = SD 43.9 = 29.9 65.7 = 25.9 21.8 £ 247 .000061
Median (range) 50 (0 to 100) 75 (12.5 to 100) 12.5 (25 to 87.5)

Behavioral subscales

Mental health
Mean + SD 28.9 + 21.1 52.8 £ 228 239 *215 .000003
Median {range) 25 (0 to 80) 55 (10 to 95) 20 (-15t0 75)

‘Social function
Mean = SD 51.8 + 16.8 66.9 £ 17.5 15.1 = 20.9 .000661
Median (range) 50 (25 t0 91.7) 66.7 (33.3 to 100) 16.7 (-25.0 to 58.3)

Role limitation
Mean = SD 36.3 = 22.6 57.4 = 20.9 21.2 £ 20.6 .000009
Median (range) 37.5 (0 to0 81.3) 56.3 (0 to 100) 18.8 (~18.8 t0 68.8)

Dependency )
Mean * SD 39.5 + 25.6 60.4 =224 20.9 = 21.7 .000009
Median (range) 43.8 (0 to 87.5) 62.5 (12.5 to 100) 18.8 (-18.8 10 93.8)

Ability to drive

Driving
Mean = SD 6.1 + 18.7 14.6 = 29.8 9.9 = 20.5 278517
Median (range) 0(0to 75) 0 (0 to 100) 0 (0to 75)

The limbal CL presented in this study may seem to be
similar to a large-diameter rigid gas permeable CL or a
semiscleral CL. However, the chief difference between
our new CL and a semiscleral or large-diameter CL is the
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entrapment of the fluid reservoir beneath the flange that
extends beyond the limbus when using this CL. To bring
the tear under the CL automatically, the CL design in-
cludes a multicurve zone at the periphery of the CL, thus
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Group 1: BCVA Worse Than 20/2000

Group 2: BCVA 20/200 to 20/2000

Group 3: BCVA 20/200 or Better

Total (logMAR > 2), Average Grade (2 = logMAR > 1), Average Grade (1 > logMAR), Average Grade
No. of cases 35 8 18 9
Composite score 11 20.8 18.1 20.2 245
Composite score 7 22.7 20.8 21.5 26.9
Subscale scores
General health 11.4 13.8 12.6 6.9
Vision-related subscales
General vision 32.6 26.3 30.8 41.7
Near vision 22.0 19.6 19.5 29.1
Distance vision 23.5 23.8 22.2 25.8
Color vision 14.3 9.4 18.1 11.1
Peripheral vision 16.9 12.5 17.6 19.4
Ocular pain 21.8 21.9 20.1 25.0
Behavioral Subscales
Mental health 23.9 25.6 19.5 31.1
Social function 15.1 14.6 16.2 13.4
Role limitation 21.2 18.0 201 26.2
Dependency 20.9 18.0 22.2 20.8
Ability to drive
Driving 9.9 0.0 2.1 ’ 28.3

establishing a thin tear layer on the entire corneal surface
that can bring relief to the patients with severe ocular
discomfort.

Our new CL comprises an 8.5- or 9.0-mm diameter cen-
tral zone and a peripheral zone that lies on the corneal and
conjunctival limbus. During the lens design process, we
found that in the eyes with severe cicatrization of the
ocular surface, the shape of the sclera beyond the limbus
is flatter than that of normal eyes. Therefore, the peripheral
zone in our limbal CL was designed to be flatter than the
central optical zone, and it incorporates a projecting multi-
curve edge design that is like the brim of a hat. Although
our limbal CL with an 8.5-mm diameter central zone was
well fitted in the severely cicatrized eyes in comparison
with the moderately affected eyes, the CL with a 9.0-mm
diameter central zone was well fitted in moderately
damaged eyes or in the eyes without fomix shortening.
The peripheral design with the flat-pattern type was well
fitted in the moderate to severe cicatrized eyes. In contrast,
the peripheral design with the tight-pattern type was well-
fitted in the eyes with slight or no cicatrized eyes.

As reported previously, the quality of life in SJS or
TEN patients is worse than that in the patients with
Sidgren syndrome.’”*® Use of our limbal CL not only
increased the patients’ VA, but also improved their
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general health and mental health. In fact, even the
end-stage blind patients (group 1) experienced improved
vision and general health. Moreover, because of the
decrease of tear evaporation, eye pain also decreased dur-
ing CL wear. The use of scleral CLs reportedly reduces
symptoms related to severe dry eye,’’? and our
findings show that using our new limbal CLs also
reduces those same symptoms.

It should be noted that COMET is reportedly a reli-
able option for obtaining improved vision in eyes with
end-stage SJS or TEN.?* However, the damage in the
eyes treated by COMET in that study was more severe
than in the eyes enrolled in this present study. In this
study, 11 cases used this CL after ocular surface recon-
struction using the COMET technique. These patients
were able to obtain improved vision by COMET alone,
yet use of the limbal CL enhanced that improvement
of vision. Thus, the use of this CL alone, or the 2-step
treatment of COMET and limbal CL use, are safe and
reliable treatment methods for ocular sequelae resulting
from SJS or TEN. In conclusion, the findings of this
study show that our new tear-exchangeable, limbal CL
increases VA and also increases general health and
mental health in SJS or TEN patients, especially those
with end-stage blindness.
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Dr. Chie Sotozono graduated from the Kyoto Prefectural University of Medicine, Kyoto, Japan in
1986. At present, Dr. Sotozono is an Assistant Professor in the Department of Ophthalmology at
Kyoto Prefectural University of Medicine, and specializes in clinical research and severe ocular

surface disorders.
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Stevens-Johnson syndrome (SJS), and its severe variant, toxic epidermal necrolysis (TEN), are acute,
life-threatening diseases of the skin and mucous membranes. The motality rate at acute stage is high,
but even if patient’s life is saved, visual impairment and ocular discomfort continue throughout the
life. Recently, we developed a new type of rigid contact lens (limbal CL) originally designed for
SJS/TEN-associated ocular sequelae. In our previous study to evaluate the effects of limbal CL,
marked improvement of visual acuity and quality of life was obtained in 42 SIS/TEN patients. After
the consultation to PMDA, the details of clinical trial were determined. We started clinical trial of
limbal CL in June 2014. Ten cases were enrolled; 8 cases in Kyoto Prefectural University of
Medicine and 2 cases in Kyoto University. Thirteen weeks follow-up observations were done in all

cases. It's expected to get the approval of manufacture and sale of this medical equipment in future.
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Clinical Trial of Limbal Rigid Contact Lens in the Patients with Ocular Sequelae
Due to Stevens-Johnson Syndrome or Toxic Epidermal Necrolysis.

2R ELER

REFFIIEHMRFRZR REHEFTENEF

EIE S MBI
(SJS: Stevens-lohnsonfE B B85 L UTEN: I R B ARFEAE)

®  ADO00BAHT-Y, 1EIC2-6RBHEORE
o RRITER 2HORE -HBRRSBKE
L33

vV BENE-EEFSATA
v EBEEENBL

ABEE- ERA

@it 186m

0.01K%
4438 (23.7%)
52.2%

ABERICLIRH

5 -LR-REFE

v BREES

v L X T CREXE

OMR.!:O ARE
53R (235%)

0B E1.0KE 1.08LE
55 B (29.6%)

Center
thickness
03010 0.60mm

|
Optical Zone

8.00 10 9.5008
Diameter
12010 34.008

Sotazono C. et al. Ophthaimology 116:685 2009

10

34 BB (18.3%)

Base Curve
| 7.60t0 8.10m

NEDO ¥ /%22 2481
iﬂ'ﬁﬁﬁﬁn HEREAIHREOHSTZRLOLHOI N UL/ AORR

. BES 9%

WEN0ARR
HRAMORE

#E » FEuAE QOL&I(HE‘DE* DORE
* FEZR BMULLCROH. FONTHE)

T e ot
o wec

o

‘ixm\wﬁ:u ?
| B%. BRICEX T ANZEBALLEL

LuXEmRORD

¥!|ié!f§!

LREAR SRARERS

BESADERR

BiZ EMIBABREEE. Eﬁe&aﬁauria}

HNBESE
Jora—nBF

-

QEEQM RERIEHAS

BE

EESEBRENROREAGICHT ORBLNE

N—FILETEL XS 1000 M RER

: e )
HEOBY Pl S S Lasu SRE L L

ALY

HRARRE BEES SHEFIEX)

BEFER SHFIEX ERTOLT7ERME)
‘ 2% (RCEBIEL+BBREFEL)

ARNEES SERIEX) +BE5 (RAKR)

SEHFEE LB $H (FILEX). & (FX)

. » S )
WS HBEITHR i ERO
EBL . e FHE A TSR LHR s ErEL D) ey
RBNOEH ELEL 108 FESERURTRORGACLHT ST \m”,“ — @k
| TUFRL NRIFEF -
& | 2) QoL B BERE- oL
Y e N ¢ - . o
< y AEDASSRARMRIER T g S
2 o HEEEE- EBSHE
WS HHCL@AINR) r:mx;t

ﬁﬁ?& 0) %%‘E ‘:uumrﬁ;* (?msﬂrs) ’

T (LPO) (FR265E12A168)

FESE FRsE e
WANE 12 28 35 48 5§ 68 78 8 95 wBUE2E 1B 28 aﬁ

=3ut P el
7 HEE ~
SRR R Liom
zEeuarea
IR8 IRE
IRB Kick
¥ =N (FZER)

B (HEAE)

* EE0sHIICBNBH *EVERAEFRRET

BESERT BRIBESRN 005

#BTH RRBESND 05

EEZAESHEABEEEDRR
[ZRIF-FREEFEDRXEHAE

REFIEHASASER Hie .
NEFE  minne HED
LTHEHRE FAHHxy tnEHEH EHE
= RAGR ERFRLE LA B
B REF e B %
PE EH SOFIEHAS BEHE
*EE B &rﬂg&ff;t*xrﬁ % =
it — g RERLERKEKER- .
SHE-D mponsoREE -
EF BB R&X¥ BEZ B %
INREEF  EBHAY EREHPES % #







