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Abstract

Purpose:  To evaluate the indicat ions and efÞ cacy of  high gas permeable scleral contact  lenses 

(GP-SCL).

Met hods:  A total  database of  97 consecut ive pat ient s (140 eyes) Þ t t ed wit h GP-SCL bet ween 

January 2003 and December 2008,  was ret rospect ively analyzed t o determine t he beneÞ t s of 

Þ t t ing scleral lenses. All lenses were Þ t t ed by preformed technique and were non-fenest rated. 

Pat ient s included kerat oconus - 88 eyes (63 %);  corneal  i r regular i t ies af t er  penet rat ing 

keratoplasty - 39 eyes (28 %); various ocular surface disorders: Stevens-Johnson syndrome (SJS), 

graft  versus host  disease (GVHD) and exposure keratopathy - 6 eyes (4 %); post  refract ive surgery 

keratoectasia - 4 eyes (3 %), and high refract ive error - 3 eyes (2 %).

Result s:  Mean follow up was 27.5 months (range 1-71), mean wearing t ime in successful wearers 

group was 12.2 hours per day (range 10-16), mean wearing t ime in group of wearers who dropped 

out  using GP-SCL, was 5.8 hours (range 3-8). Keratoconus pat ients achieved median best  corrected 

visual  acui t y (BCVA) of  20/ 32,  84 % of  pat ient s achieved BCVA of  20/ 40 or more.  The post  

keratoplasty group achieved median BCVA of 20/ 25, 92 % of pat ients achieved BCVA of 20/ 40 or 

bet t er.  In t he ot her groups,  median BCVA was as fol lows:  ocular surface disorders - 20/ 50, 

keratoectasia - 20/ 30, high refract ive error - 20/ 32. Posit ive à uid-vent ing was highly associated 

with successful GP-SCL wearing. Twenty pat ients (21 %) failed to wear GP-SCL.

Conclusions:  GP-SCL’s expand t he management  of  various corneal  abnormal i t ies.  The main 

indicat ion for GP-SCL is opt ical correct ion of an irregular corneal surface, especially keratoconus 

and corneal t ransplant .

© 2010 Spanish General Council of Optometry. Published by Elsevier España, S.L. All rights reserved.
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Resumen

Obj et ivos:  Evaluar las indicaciones y eÞ cacia de las lentes de contacto esclerales de alt a per-

meabilidad al gas (LCE-PG).

Mét odos: Se analizó de forma ret rospect iva una base de datos con un total de 97 pacientes conse-

cut ivos (140 oj os) que fueron prescritos LCE-PG ent re enero 2003 y diciembre 2008, para determi-

nar los beneÞ cios de llevar lentes esclerales. Todas las lentes fueron adaptadas mediante técnica 

preformada y no estaban fenest ras. Ent re los pacientes, había 88 (63 %) oj os queratoconos; 39 oj os 

(28 %) con irregularidades corneales después de queratoplast ia penet rante;  diversos t rastornos 

superÞ ciales oculares: síndrome de Stevens-Johnson (SSJ),  enfermedad inj erto cont ra huésped 

(GVHD, en inglés) y 6 oj os (4 %) con queratopat ía por exposición; 4 oj os (3 %) con queratectasia 

t ras cirugía refract iva, y 3 oj os (2 %) con elevado defecto refract ivo.

Result ados:  El seguimiento medio fue de 27,5 meses (intervalo 1-71), el t iempo medio de uso en 

el grupo que se adaptó con éxito a las LCE-PG fue de 12,2 horas por día (intervalo 10-16), la media 

de uso en el grupo que las abandonó fue de 5,8 horas (intervalo 3-8). Los pacientes con querato-

cono lograron una mediana de mej or agudeza visual corregida (BCVA, en inglés) de 20/ 32, el 84 % 

de los pacientes lograron una BCVA de 20/ 40 o superior. El grupo de posqueratoplast ia logró una 

BCVA mediana de 20/ 25, el 92 % de los pacientes lograron una BCVA de 20/ 40 o superior.  En los 

ot ros grupos, la BCVA mediana fue la siguiente: t rastornos oculares superÞ ciales: 20/ 50; queratec-

tasia: 20/ 30, defecto refractario alto: 20/ 32. La vent ilación de à uido posit iva estaba altamente 

asociada con una adaptación exitosa a las LCE-PG. Veinte pacientes (21 %) no lograron usar las 

LCE-PG.

Conclusiones:  Las LCE-PG amplían las posibil idades de t ratamiento de diversas anormalidades 

corneales. La indicación principal para las LCE-PG es la corrección ópt ica de una superÞ cie corneal 

irregular, especialmente en queratocono y t rasplante corneal.

© 2010 Spanish General Council of  Optomet ry. Publicado por Elsevier España, S.L. Todos los derechos 

reservados.

Introduction

Thousands of  people al l  over t he world are considered 
legally bl ind or have very poor vision due to keratoconus, 
high or irregular ast igmat ism and ot her forms of  corneal 
irregularit ies or dyst rophies.

The concept  of  opt ical ly neut ral izing t he cornea wit h 
a lens which enclosed a l iquid reservoir over t he corneal 
f ront  surface was proposed in 1508 by Leonardo da Vinci.  1 
Almost  400 years later Fick 2 designed the earliest  pract ical 
contact  lenses, which were scleral lenses. His idea was to 
neut ralize the opt ical ef fects of  the corneal distort ion for 
pat ients with irregular ast igmat ism by using afocal scleral 
glass shells.

Modern scleral  lenses are indicat ed for several  ocular 
condit ions such as keratoconus and other primary corneal 
ectasia, post  corneal t ransplant  when residual high refract ive 
error exists or the surface remains highly irregular,  serious 
dry eye condi t ions and neurot rophic kerat i t is,  and can 
nearly always be Þ t t ed successful ly.  3-5 These lenses of fer 
two unique advantages.

First ly, they are supported by the sclera and therefore can 
be Þ t t ed on eyes wit h markedly irregular corneas.  This is 
part icularly important  for pat ients with corneal irregularity, 
when vision cannot  be improved with rigid corneal contact  
lenses, either because of the pat ients’  poor tolerance level 
or inability to Þ t  such a lens.

Secondl y,  t here i s t he const ant  aqueous reservoi r 
between the lens and the cornea. This reservoir neut ralizes 
most  of the irregular ast igmat ism and protects the corneal 
surface f rom t he desiccat ing ef fect s of  exposure t o air 
and the frict ion of  blinking. This is especially important  in 
cases of  non-healing corneal epit hel ial defect s and other 
ocular surface diseases that  cannot  be resolved with other 
current ly available therapeut ic modalit ies.

Unt i l  t he l ast  decade of  t he past  cent ur y,  t hese 
advantages could not  be ful ly realized because of  chronic 
corneal hypoxia at t ributed to low gaseous permeabil it y of 
polymethyl methacrylate (PMMA) and other materials from 
which the lenses were made. 6-8

The development  of rigid gas-permeable plast ics great ly 
reduced t he hypoxic complicat ions associat ed wit h daily 
wear of  corneal lenses and added a new dimension to the 
potent ial  of  scleral lenses for t he visual rehabil i t at ion of 
pat ients with markedly irregular corneas and t reatment  of  
ocular surface disorders. In 1983 Ezekiel 9 described the use 
of preformed, fenest rated, silicone/ acrylate gas permeable 
scleral contact  lenses in Þ t t ing pat ients with keratoconus, 
severe myopia, aphakia,  and corneal scarring. Since then, 
new techniques in the manufacture of rigid gas-permeable 
scleral lenses have been developed. 10-12

In t his art icle,  we wil l  report  our experience in f i t t ing 
pat ient s wit h sealed non-fenest rat ed GP-SCL and assess 
t he vision rehabi l i t at ion and t herapeut ic benef i t s in 
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t he management  of  various corneal  and ocular surface 
diseases.

Methods

Clinical data f rom the records of  97 consecut ive pat ient s 
(140 eyes),  Þ t t ed with GP-SCL between January 2003 and 
December 2008, were ret rospect ively analyzed to determine 
the indicat ions for lens Þ t t ing and visual outcomes.

Pat ients were referred to the contact lens clinic in Hadassah 
Universit y Hospital,  due to severe corneal irregularit ies or 
corneal  surface disorders resist ant  t o ot her t herapeut ic 
opt ions. Pat ients referred for vision rehabilitat ion were unable 
to wear corneal rigid gas permeable (RGP) lenses or Þ t t ing of 
such lenses was contraindicated. Ocular pathologies included: 
keratoconus, keratoglobus and pellucid marginal degenerat ion 
(KC), corneal irregularity after penetrat ing keratoplasty (PKP), 
severe exposure keratopathy,  Stevens-Johnson syndrome 
(SJS), graft  versus host disease (GVHD) or other ocular surface 
disorders (OSD), corneal ectasia after refract ive surgery and 
high refract ive errors (HRE).

GP-SCL features

The lenses were lathed by City Crown Aspheric 7 CNC lathe 
(Microlens Ltd. Tel Aviv). Two highly gas permeable polymers 
were used: TYRO-97 (Lagado Corp.) having a permeability Dk 
value of 97 × 10—11 cm 2 mL O2/ sec mL mm Hg (Internat ional 
Organizat ion for Standardizat ion [ ISO]/ Fat t ) and Opt imum 
Ext reme (Contamac corp.) Dk value of  125 × 10—11 cm 2 mL 
O2/ sec mL mm Hg (ISO/ Fat t ) units.

Use of  hyper-Dk/ t  RGP lens materials (> 100 Dk/ t ) have 
been shown to supply enough oxygen to the cornea in all day 
lens wearers, which does not  compromise corneal health in 
terms of increased corneal swelling. 13

Each sleral  lens was preformed,  non-fenest rat ed and 
sealed,  with an overall diameter of  18.5 mm, designed to 
barely clear the highest  point  of the cornea and to provide 
the most  uniform thickness proÞ le of the à uid accumulated 
bet ween t he lens and t he cornea.  By maint aining t he 
minimal thickness of this reservoir, we opt imized the oxygen 
t ransmissibil i t y of  t he lens-cornea system and minimized 
t he degradat ion of  vision t hat  occurs i f  excessive t ear 
debris accumulat e inside t his reservoir during lens wear. 
The t hickness of  t his proÞ le ranged between one t hird of 
corneal t hickness and 300-400 mm. The curvat ure of  t he 
cent ral back surface of each lens (opt ic zone) was chosen to 
maintain a shallow, but  deÞ nite clearance of the cornea and 
limbus, thus the lens was ent irely supported by the sclera. 
Corneal clearance was evaluated by slit  lamp examinat ion 
to establish the opt imal sagit tal height  of each lens.

In an average lens, the internal opt ic zone of 12.5 mm was 
a single curve surrounded by a 1.5-2.0 mm wide t ransit ional 
zone vault ing the l imbus and merging seamlessly into t he 
posterior hapt ic surface (Figure 1). The hapt ic parameters of 
individual lenses were determined by observing the vascular 
compression pat t erns of  t he bulbar conj unct iva,  using a 
series of diagnost ic lenses of dif ferent  hapt ic designs aimed 
at  minimizing lens induced compression of  conj unct ival 
blood vessels and enabling unobst ructed blood circulat ion. 
The average center thickness of the lenses was 0.35 mm.

Fluorescein à uid-venting test

After the lens had been placed on the eye with sterile saline 
and had been in posit ion for at  least  2 hours, à uorescein dye 
was installed. After 5 minutes, a slit  lamp examinat ion with 
cobalt  blue Þ lter or opt ic sect ion was performed. 4,5,14 In cases 
when à uorescein diffused under the lens hapt ic and reached 
the pre-corneal l iquid chamber independent ly or by gent le 
palpat ion, the test  was considered posit ive (Figure 2) if  no 
à uorescence was seen – the test  was considered negat ive.

Indications for success/failure

We considered the Þ t t ing of  GP-SCL to be successful when 
wear ing t ime of  10 hours a day or  more,  wi t h no lens 
adhesion on removal ,  was reached.  Part ial  success was 
deÞ ned as abilit y to wear the lenses between 6 to 10 hours 
a day.  Wear ing of  GP-SCL less t hen 6 hours a day was 
considered to be a failure.

Results

A total of 97 pat ients (140 eyes) included 29 females (30 %) 
and 68 males (70 %),  t he pat ient s’  ages ranged bet ween 
16-77 years. Mean follow up was 27.5 months (range 1-71).

Indications

The pr imary cl inical  indicat ions f or  GP-SCL could be 
categorized in three main categories:  vision improvement  

Corneal 

clearance

Optical zone

Haptic surface

Sclera

Cornea

Transitional

zone

Figure 1 Fit t ing relat ionship of the scleral contact  lens.

Figure 2 Fluorescein dye dif fusion under the GP-SCL hapt ic 

into pre-corneal à uid reservoir.
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(134 eyes),  management  of  severe ocular surface disease 
and corneal protect ion (6 eyes),  and mult iple indicat ions 
that  include both vision improvement  and corneal protect ion 
(10 eyes).

The most  common diagnoses f or  use of  GP-SCL was 
kerat oconus (KC) - 88 eyes (63 %),  fol lowed by ext reme 
corneal irregularit ies or high ast igmat ism after penet rat ing 
kerat oplast y (PKP) - 39 eyes (28 %).  Ot her indicat ions 
included various ocular surface disorders (OSD) - 6 eyes 
(4 %): 2 eyes with corneal stem cell disorder (Steven-Johnson 
syndrome),  2 eyes wit h severe dry eye syndrome due t o 
GVHD, 1 eye was t reated for severe exposure keratopathy 
and 1 eye had post  herpet ic kerat it is.

Four eyes (3 %) were Þ t ted with GP-SCL for post  refract ive 
surgery keratoectasia (2 eyes PRK, 2 eyes LASIK); 3 eyes (2 %) 
f i t t ed due t o high ref ract ive errors:  2 eyes were aphakic 
and 1 eye had high myopia wit h spherical  equivalent  of 
—16.00 diopter.

EfÞ cacy

Eight y eight  of  t he 134 eyes t hat  were Þ t t ed primarily t o 
improve vision had kerat oconus.  Anot her 39 eyes were 
Þ t t ed due to inadequate spectacle-corrected vision af t er 
successful  penet rat ing kerat oplast y.  Some of  t hose eyes 
had undergone mult iple unsuccessful surgical procedures 
for reducing t he iat rogenic ast igmat ism. In most  of  t hese 
cases,  t he scleral  lens provided useful  correct ed vision, 
regardless of  t he amount  or t ype of  corneal ast igmat ism 
present .

Median visual acuity (VA) with GP-SCL was 20/ 32 (Snellen 
fract ion) and ranged from 20/ 400 to 20/ 20. The median best  
spectacle corrected VA wit hout  a contact  lens was 20/ 70 
(range 20/ 800-20/ 30). There was a signiÞ cant  increase in VA 
with scleral lenses compared to the best  spectacle corrected 
VA (P < 0.001, signed rank test ).

Improvement  in best -correct ed visual  acui t y (BCVA), 
deÞ ned as a gain of  two or more decimal acuit y l ines, was 
observed in 125 eyes (93 %) out  of the 134 eyes t reated for 
vision improvement .

Visual  out comes var ied according t o t he preexist ing 
ocular status.  The best  visual result s were obtained in the 
post  PKP group,  which achieved 20/ 40 or more in 92 % of 
cases with median BCVA of  20/ 25. Eyes in the keratoconus 
group achieved 20/ 40 or  more i n 84 % of  cases wi t h 
median BCVA of  20/ 32.  In other groups,  median BCVA was 
as fol lows:  OSD 20/ 50,  kerat oect asia 20/ 30,  HRE 20/ 32 
(Table 1).

During the period of study 102 eyes (73 %) were successfully 
Þ t ted, as deÞ ned by success criteria, i.e.  able to wear the 
lenses for more t han 10 hours a day,  and 15 eyes (11 %) 
achieved part ial success with GP-SCL. Mean wearing t ime of 
successful wearers was 12.2 hours a day (range 10-16). The 
mean wearing t ime among all Þ t ted pat ients was 11 hours a 
day (ranged 5-16). Wearing t imes of the t reated groups are 
shown in Figure 3.

Seventy eight  eyes (77 %) in the successful wearers group 
had posit ive à uorescein dye test  (Table 2). Fluorescein dye 
penet rat ion under the lens hapt ic, i.e. posit ive à uid-vent ing 
was highly associat ed wi t h successful  GP-SCL wearing, 
(P = 0.0007, chi-square test )

Twent y pat ient s (21 %) f ai led t o wear GP-SCL.  Mean 
wearing t ime in this group was 5.8 hours a day (range 3-8) 
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Figure 3 Daily wearing t ime among GP-SCL users.

Table 1 Best  visual acuity and average wearing t ime achieved with GP-SCL Þ t ted for various condit ions and range

 N (%) œ 20/40 < 20/40 to 

œ 20/200

< 20/200 Mean wearing time 

in hours (range)

KC 88 (63) 74 (53) 14 (10) 0 (—) 11.9 (5-16)

Post -PKP 39 (28) 36 (26) 3 (2) 0 (—) 12.2 (8-16)

OSD 6 (4) 2 (1.5) 3 (2) 1 (1) 9.3 (5-14)

Others 7 (5) 3 (2) 4 (3) 0 (—) 9.1 (6-12)

Total 140 (100.0) 115 (82) 24 (17) 1 (1) 11 (5-16)

KC: keratoconus; OSD: ocular surface disease; PKP: penet rat ing keratoplasty.

Table 2 Fluorescein à uid-vent ing in successful and failed 

wearers

 Successful Failed Total

Posit ive à uorescein test  78 (56 %) 17 (12 %) 95 (68 %)

Negat ive à uorescein test  24 (17 %) 21 (15 %) 45 (32 %)

Total 102 (73 %) 38 (27 %) 140 (100 %)
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and mean drop-out  period was 5.1 month. Seven successfully 
f i t t ed pat ient s (7 %) dropped-out  wearing GP-SCL due t o 
further penet rat ing keratoplasty procedure (mean follow up 
16.8 month).

Discussion

This ret rospect ive review shows that  medical applicat ions 
of  GP-SCL include bot h visual and t herapeut ic uses for a 
range of complicated corneal and ocular surface condit ions 
for which t reatment  by other methods is either unsuitable 
or less effect ive.

Diagnoses may be cat egorized int o four main groups: 
pr imary or  i nduced kerat oect asia,  post  penet rat i ng 
kerat oplast y,  ocular surface diseases and high ref ract ive 
errors. In the current  study, pat ients with keratoconus and 
other forms of irregular corneal surface formed the largest  
group (63 %),  fol lowed by post  penet rat ing kerat oplast y 
iat rogenic ast igmat ism group (28 %),  and ocular surface 
disorders group (4 %).

Vision improvement  was the primary indicat ion for GP-SCL 
in nearly 95 % of the Þ t ted eyes, and was achieved in most  
inst ances by neut ral izing t he corneal  i r regular i t ies or 
correct ing exist ing refract ive errors.

Visual outcomes varied according to the preexist ing ocular 
st at us.  The best  visual result s were obt ained in t he post  
keratoplasty group, which achieved 20/ 40 or bet ter in 92 % 
of cases. These pat ients were Þ t ted with GP-SCL to correct  
post  PKP corneal  ast igmat ism or corneal  i rregulari t ies, 
induced by t ransplant  misalignment .

The pat ients suffering from keratoconus had severe forms 
of the disease leading to failure with corneal contact  lenses 
or were unable t o t olerat e wearing t his t ype of  lenses. 
They were Þ t ted with GP-SCL as the last  alternat ive before 
surgery.  Visual  out comes obt ained in t his group showed 
signiÞ cant  improvement  of visual acuity, 20/ 40 or bet ter in 
84 % of pat ients.

Kerat oconus pat ient s are commonly adolescent s,  and 
may require corneal surgery during their lifet ime. The risks 
associated with the keratoplasty procedure, which include 
inf ect ion,  rej ect ion,  and severe ast igmat ism,  may be 
greater than those at t ributed to GP-SCL wear. 15

Comparison with previous studies

Var ious eval uat i on met hods of  GP-SCL per f ormance 
demonst rate dif ferent  result s,  t hus it  is difÞ cult  t o make 
di rect  compar i sons bet ween st udies.  Since t he f i r st  
successful appl icat ion of  gas-permeable scleral lenses by 
Ezekiel 9 in 1983, several studies have been published. The 
st udy designs varied in size,  diagnoses,  Þ t t ing met hods, 
scleral lens t ypes and materials.  However,  as in our study 
t he most  common indicat ion was kerat oconus,  fol lowed 
by post  keratoplast y.  5,16-18 The large ret rospect ive st udies 
of  Pul lum and Buckley 16 and Rosent hal  and Crot eau 4 on 
530 and 538 pat ient s,  respect ively,  included a host  of 
cl inical indicat ions but  keratoconus and post  penet rat ing 
kerat oplast y st i l l  compr ised t he t wo l argest  groups.  

However  in a st udy carr ied out  in t he ear l y ninet ies, 
Tan et  al .  19,20 report ed kerat oconus as t he most  common 
condit ion requiring scleral lenses fol lowed by aphakia and 

t hen post  keratoplast y.  Lenses used varied great ly in size 
f rom 15 mm to 23mm. 4,5,18,21 Schornack and Patel 21 used a 
scleral lenses with an overall diameter of  18.2 mm, which 
is similar t o t he lenses used in our study (18.5 mm).  They 
suggest ed t hat  lenses t hat  are support ed by t he sclera 
and clear bot h t he cornea and l imbus could be def ined 
as ‘ scl eral ’  l enses i r respect i ve of  t he act ual  overal l 
diameter.

The characterist ics of  our pat ients and our result s were 
similar to those reported by other studies 5,18 regarding visual 
rehabil it at ion. Our study conÞ rmed the best  acuit y result s 
achieved in pat ient s wit h irregular or severe ast igmat ic 
t opography.  5,16-18,20 Studies that  included indicat ions other 
than visual correct ion, t reatment  of ocular surface disease 
f or  example,  showed less marked improvement  in VA. 
The reason of  lower visual result s is primarily therapeut ic 
indicat ion for scleral lens f i t t ing i.e.  corneal protect ion, 
tear conservat ion, or pain relief.

Success rate

Development  of  scleral lenses with a smoother cont inuous 
back surface t hat  fol lows more precisely t he underlying 
scleral  surface has made prolonged,  comfort able scleral 
lens wear possible. Penet rat ion of  l iquids under the lens in 
situ,  i.e.  posit ive à uid-vent ing was found to be associated 
with successful Þ t  and increased wearing t ime.

Moreover,  t he combinat ion of  high oxygen permeabil it y 
and favorable t ear exchange al lowed by t he lens back 
geometry may diminish the incidence of complicat ions such 
as corneal edema or lens adhesion.

Failure rat es during t he period of  our st udy were 21 %. 
This number concurs with the results of other invest igat ions. 
In a ret rospect ive study, Tan et  al.  20 found that  71 % of the 
eyes could cont inue wearing t he scleral lens,  Pul lum and 
Buckley 16 described that  22 % of their cases failed a scleral 
t r ial  or st opped wearing t heir scleral  lenses complet ely. 
Failure rate of  10.4 % was reported by Segal et  al. ,5 while 
Schornack and Patel 21 reported t hat  12 out  of  32 pat ient s 
(38 %) decided not  to pursue scleral lens wear af ter init ial 
evaluat ion.

In conclusion, modern scleral contact  lenses can be used 
successfully for visual rehabil it at ion and management  of  a 
wide range of  corneal disorders t hat  have not  responded 
adequat ely t o ot her t reat ment s.  The main indicat ion for 
GP-SCL is opt ical correct ion of an irregular corneal surface, 
especially due to keratoconus and post  corneal t ransplant . 
In the keratoconus group, GP-SCL serves as an alternat ive 
t o surgery.  In t he post -PKP group GP-SCL provided an 
al t ernat ive t o ref ract ive surgery or  repeat ed corneal 
t ransplant at ion.  Scleral  lenses were found benef icial  in 
several  f orms of  ocular  sur f ace diseases.  Therapeut ic 
benef i t s of  GP-SCL enhance t he management  of  ocular 
surface diseases when medical t reatments have failed and 
surgery is undesirable.
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