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Abstract

Corneal  ref ract ive t herapy is a non-surgical  procedure whose main purpose is t o improve 

uncorrected visual acuity during the day, without  spectacles or contact  lenses. We report  an adult  

woman who shows contact  lens intolerance and does not  want  to wear eyeglasses. We used dual 

axis contact  lens to improve lens cent rat ion. We demonst rate a maintained unaided visual acuity 

during one year of t reatment . In conclusion, we can consider refi t t ing with dual axis lens for corneal 

refract ive therapy as a non-surgical opt ion for pat ients who show contact  lens intolerance.

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

Intolerancia a las lentes de contacto: readaptación con lente de doble eje para terapia 

refractiva corneal

Resumen

La terapia refract iva corneal es un procedimiento no quirúrgico cuyo obj et ivo principal es mej orar 

la agudeza visual no corregida durante el día sin necesidad de gafas ni lentes de contacto. Presen-

tamos el caso de una muj er adulta con intolerancia a las lentes de contacto que no quiere llevar 

gafas. Ut ilizamos una lente de contacto de doble ej e para mej orar el cent rado de la lente. Demos-

t ramos una agudeza visual espontánea mantenida durante un año de t ratamiento. En conclusión, 

podemos considerar la readaptación con lente de doble ej e para terapia refract iva corneal como 

una opción no quirúrgica para pacientes que presentan intolerancia a las lentes de contacto.

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

reservados.
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Introduction

Corneal refract ive therapy (CRT) is a non-surgical procedure 
t hat  consist s on corneal  reshape whi le t he pat ient  is 
sleeping.  The pract i t ioner  can achieve a t emporar i l y 
reduct ion of  t he ref ract ive error by t he overnight  wear 
modality of a special therapeut ic contact  lens (CL).

The main CRT purpose is t o improve uncorrected visual 
acuit y (VA) during the day, without  spectacles or CL. So it  
could be considered as a rel iable non-surgical  opt ion t o 
refract ive surgery. 1

Nowadays, there are more than 20 different kinds of inverse 
geomet ry CL,  wit h dif ferent  f i t t ing prot ocols.  However, 
Paragon CRT® was the fi rst  overnight  wear CL approved by the 
Food and Drug Administ rat ion (FDA) for CRT on June 2002, 2,3 
t o correct  myopia up to about  6.00 D even with a myopic 
ast igmat ism of 1.75 D regardless of the orientat ion.

This paper describes a case of  CRT fi t t ing wit h Paragon 
CRT® Dual AxisTM CL for overnight  orthokeratology (OK).

Case report

A 37-year-old dayt ime CL wearer woman came to be informed 
of overnight OK. She was contact lens intolerant and wanted to 
be relieved from complete dependence on eyeglasses. The 
patient wore CL for 22 years. First, she wore rigid gas-permeable 
lenses (RGP), being the normal average wearing t ime more 
than 14 hours on 7 days per week. Somet imes she slept  with 
the CL. After that, the pat ient started to wear soft  CL (vifi lcon 
A),  and t he normal average wearing t ime was 4-5 hours, 
because she experienced dryness symptoms and she preferred 
wearing spect acles rat her t han CL,  probably due t o her 

previous experience of RGP lens wearing. We tried to refi t  with 
other materials such as silicone hydrogel but her symptoms did 
not improve. She complained of discomfort  and blurred vision 
after a few hours of CL wearing. She was informed about CRT 
and as she was an appropriate candidate, an appointment was 
arranged to determine her best fi t  lens opt ion.

The pat ient  had an unremarkable ocular and general 
health history. Results of pre-CRT examinat ion were:

1.  Ocular examinat ion:

 —  Slit -lamp examinat ion did not  evidence any problem 
that  adviced against  CRT CL wear.

 —  Tear meniscus defi cit  (0.1 mm).
 —  Tear fi lm break-up t ime (TFBUT): < 8 sec.
 —  Corneal eccent ricity was: OD: 0.41 OS: 0.35.
 —  Corneal topography was measured using a topographer 

(Opt opol  CT110,  Opt opol ,  Poland).  In her pre-CRT 
topography a 1.25 D and a 1.50 D with the rule (WTR) 
corneal  ast i gmat i sm was f ound i n OD and OS, 
respect ively (Figure 1).

 —  Pupil size was measured with a ruler under mesopic 
condit ions: 4.25 mm in both eyes.

 —  Horizontal visible iris diameter was measured with a 
ruler and wit h t he t opographer:  OD:  10.8 mm, OS: 
10.9 mm.

2.  Visual examinat ion. Subj ect ive refract ion:

 —  Re f r ac t i o n  w as f i r st  m e asu r e d  u si n g an 
aut oref ract omet er  (Topcon RMA7000B,  Topcon, 
Japan),  and subj ect i ve was done by a f oropt er 
(Reichert , 11625, Leica Inc, USA).

Figure 1 Pre-t reatment  t opographical elevat ion maps of  t he right  (R) and lef t  (L) eyes.  Those elevat ion maps reveals:  OD: a 

dif ference of 61.5 mm between meridians, OS: a dif ference of 65.5 mm between meridians. According to general guidelines these 

dif ferences j ust ify the use of Dual Axis lens.
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 —  OD:  —3.00-0.75×10 visual  acui t y (VA) 20/ 20;  OS: 
—4.00-1.00×165 VA 20/ 20.

According t o t his prel iminary examinat ion t he pat ient  
exhi bi t ed a moder at e myopi a wi t h l ow amount  of 
ast igmat ism in both eyes. Because WTR ast igmat ism up to 
—1.75 D can be t reated by CRT, we proposed to fi t  a Paragon 
CRT® CL, manufactured in Paragon HDS 100 material.

To fi t  the lens, the diagnost ic device system provided by 
t he manufact urer was used.  This device gave t he f i rst  
diagnost ic lens: Base curve radius (BCR), return zone depth 
(RZD) and landing zone angle (LZA),  st andard CRT lens 
diamet er (10.5 mm) was used.  The pat ient  exhibi t ed a 
f luct uat ing VA wit h poor lens cent rat ion wit h spherical 
lenses (Table 1), we ruled out  the possibilit y that  poor lens 
cent rat ion was due to the lens diameter, as the lens covered 
85-90 % of  corneal  diamet er,  in agreement  wit h general 
guidelines. So, it  was decided to t ry the Paragon CRT® Dual 
AxisTM which provides an improved lens al ignment  and 
cent rat ion (see discussion for details).  When we examined 
pre-t reatment  topographical elevat ion maps, in which the 
dif ference between the sagital height  of the horizontal and 
vert ical meridians is calculated (Figure 1),  data obtained 
were: OD: a dif ference of 61.5 mm between meridians, OS: 
a di f f erence of  65. 5 mm bet ween mer i di ans.  These 
dif ferences in elevat ion were obtained from the average of 
elevat ion at  4 mm chord diameter along the steepest  and 
fl at test  keratometric meridians, and were used to determine 
the fi rst  Dual Axis t rial lens. According to general guidelines 
these dif ferences j ust ify the use of Dual Axis lens.

By f i t t ing spherical  Paragon CRT® CL it  was possible t o 
obtain the dual axis design that  best  fi t ted the cornea. The 
fi rst  CL opt ion was: OD: 8.6 mm BCR 550 mm RZD 33° LZA, 
OS: 8.6 mm BCR 575 mm RZD 32º LZA. After one night  of lens 
wear t he pat ient  exhibit ed a high value of  overref ract ion 
and poor cent rat ion in OS. After several follow-up visit s in 
which the CL of the OS was changed, it  was fi nally decided 
to refi t  the pat ient  with the following lens parameters: OS: 
8.6 mm BCR 525 mm RZD 33º LZA. The pat ient  was appointed 
for a follow-up in one week.

Once the best  unaided VA with spherical CL (OD: 8.6 mm 
BCR 550 mm RZD 33º LZA, OS: 8.6 mm BCR 525 mm RZD 33º 
LZA) were obt ained OD:  20/ 25 OS:  20/ 28,  we sent  t he 
manufacturers the diagnost ic lens data, last  topography of 
bot h eyes and overref ract ion t o obt ain dual  axis lens 
parameters.  The manufacturer calculated and sent  us the 
lenses.

Dual axis lens parameters selected for our pat ient  was as 
follows: OD: 8.6/ 8.6 mm BCR 550/ 600 mm RZD 33/ 33º LZA, 
OS: 8.6/ 8.6 mm BCR 525/ 600 mm RZD 33/ 33º. Change from 
symmet r ic design t o Dual  Axis l ens was consecut ive. 
However,  we wait ed 10 days t o t ake a decision t o avoid 
distort ing the results.

First  follow-up visit  took place when the lenses had been 
worn only one night .  The examinat ion details of  t his visit  
were: manifest  subj ect ive refract ion: OD: —1.00 × 180º OS 
0.00 D. Unaided visual acuity: OD: 20/ 33, OS: 20/ 20.

In t he post wear corneal  t opography (Figure 2) i t  was 
observed that  OD showed a well-centered t reatment  zone, 
whilst  OS lens exhibited a poor cent rat ion.

The f irst  fol low-up visit  gave t hese result s:  OD: VA had 
diminished when comparing wit h t he obt ained wit h t he 
spherical lens (value was 20/ 33),  however lens fi t t ing was 
bet ter. OS: Although OS exhibits a 20/ 20 VA, lens cent rat ion 
was poor. The pat ient  was seen for follow-up 10 days later 
with the same examinat ion results. Therefore, it  was decided 
to use these new parameters: OD: to fl at ten RZD and change 
LZA to improve fi t t ing and VA results, OS: to change LZA to 
improve lens cent rat ion. Af ter several fol low-up visit s the 
f inal  prescript ion lenses were designed as fol lows:  OD: 
8. 6/ 8. 6 mm BCR 525/ 575 mm RZD 34/ 34º LZA,  OS: 
8.6/ 8.6 mm BCR 525/ 600 mm RZD 34/ 34º LZA. Unaided VA 
after one night  of wearing of this lens was: OD: 20/ 16, OS: 
20/ 16. Lens-posit ioning showed a well-centered t reatment  
zone. The pat ient  was seen for follow-up 2 weeks later.

The examinat ion details after 2 weeks of night  wearing of 
the lens were: manifest  subj ect ive refract ion: OD: 0.00 D, 
OS: 0.00 D. Unaided VA: OD: 20/ 16, OS: 20/ 16. Two weeks 
postwear, corneal topography showed an almost  perfect  CL 
fi t t ing (Figure 3).

Table 1 Number of visits performed and explained in the text . Some other visits took place between them, it  is clarifi ed 

in the text , but  those visits were not  included due to lack of interest  they had for fi nal contact  lens prescript ion

 Parameters VA Cent rat ion Overrefract ion

First  visit  

 (symmetric design)

OD: 8.6 550 33º; 

OS: 8.6 575 32º

OD: 20/ 25; 

OS: 20/ 35

OD: POOR-CENT. 

OS: POOR-CENT.

OD: 0.00; 

OS: —0.50-0.75 × 160º

Second visit  

 (symmetric design)

OD: 8.6 550 33º; 

OS: 8.6 525 33º

OD: 20/ 25; 

OS: 20/ 28

OD: POOR-CENT. 

OS: POOR-CENT.

OD: 0.00; 

OS: —1.50 × 160º

Third visit  

 (Dual Axis lens)

OD: 8.6/ 8.6 550/ 600 33/ 33º; 

OS: 8.6/ 8.6 525/ 600 33/ 33º

OD: 20/ 33; 

OS: 20/ 20

OD: WELL CENT. 

OS: POOR CENT.

OD: —1.00 × 180º; 

OS: 0.00

Fourth visit  

 (Dual Axis lens)

OD: 8.6/ 8.6 550/ 600 33/ 33º; 

OS: 8.6/ 8.6 525/ 600 33/ 33º

OD: 20/ 33; 

OS: 20/ 20

OD: WELL-CENT. 

OS: POOR-CENT.

OD: —1.00 × 180º; 

OS: 0.00

Fifth visit  

 (Dual Axis lens)

OD: 8.6/ 8.6 525/ 575 34/ 34º; 

OS: 8.6/ 8.6 525/ 600 34/ 34º

OD: 20/ 16; 

OS: 20/ 16

OD: WELL-CENT. 

OS: WELL-CENT.

OD: —0.25 × 170º; 

OS: —0.75 × 160º

Sixth visit  

 (Dual Axis lens)

OD: 8.6/ 8.6 525/ 575 34/ 34º; 

OS: 8.6/ 8.6 525/ 600 34/ 34º

OD: 20/ 16; 

OS: 20/ 16

OD: WELL-CENT. 

OS: WELL-CENT.

OD: 0.00; 

OS: 0.00

Seventh visit  

 (Dual Axis lens)

OD: 8.6/ 8.6 525/ 575 34/ 34º; 

OS: 8.6/ 8.6 525/ 600 34/ 34º

OD: 20/ 21; 

OS: 20/ 20

OD: WELL-CENT. 

OS: WELL-CENT.

OD: 0.00; 

OS: 0.00
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In this follow-up revision the pat ient  exhibited both great  
unaided VA: OD: 20/ 16, OS: 20/ 16, and fi t t ing in both eyes. 
Those lenses were sett led as our fi nal prescript ion. The patient  
was checked again in one month and then every three months.

Figure 2 Comparison of corneal topography after one night  wearing Dual Axis (Result#1) to pre-CRT topographies (Result#2).  In 

pre-CRT topographies slight  WTR ast igmat ism can be seen in both eyes.

Last  follow-up took place one-year after lens fi t t ing. In this 
visi t  sl i t -lamp evaluat ion did not  show any remarkable 
problem, the pat ient  was sat isfi ed and felt  comfortable with 
the lens and with her unaided VA.

Figure 3 Comparison of corneal topography after two weeks wearing the lenses (Result#1) to pre-CRT topographies (Result#2).
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Discussion

OK have been used by pract it ioners since Jessen t ried t o 
reduce eye refract ive error with a rigid CL.4 At  fi rst , pat ients 
worn t he lenses during waking hours,  being t hen able t o 
enj oy an improved unaided VA during the evening. 5

After that , the technique was reported to be safe but  it s 
ef fect  was t emporary.  6,7 Then,  t he development  of  t he 
reverse-geomet ry lenses improves t he speed of  corneal 
changes,  and new l ens mat er i al s wi t h hi gh oxygen 
permeability make possible to wear the lenses while pat ients 
are sleeping, which allowed pract it ioners to obtain a higher 
degree of  corneal reshaping, thus resulted in an increased 
interest  in OK. 8

Mount ford was t he f irst  t o report  benef it s of  overnight  
OK. 9 After him, other authors have reported clinical benefi ts 
of  t he t echnique and t he amount  of  reduced myopia. 
Sorbara et  al ,  showed an import ant  reduct ion of  myopia 
last ing 4 weeks, using Paragon CRT® CL. 10

Tradi t i onal l y OK have been used mainl y t o reduce 
myopia,  but  nowadays t here are some lens designs t hat  
also  reduce other refract ive errors,  such as hyperopia 11 or 
ast igmat ism 12.

The main dif ference between CRT and previous OK is that  
CRT involves the use of a specially designed high-Dk/ L RGP 
lens manufactured by Paragon. Villa-Collar et  al (2009) have 
descr ibed a signi f i cant  corneal  f l at t ening as soon as 
30 minut es af t er f i t t ing t his t ype of  CL.  13 Ot her aut hors 1 
have showed that  CRT can successfully correct  the 80 % of 
t he myopic ref ract ion af t er t he f i rst  night  of  lens wear, 
which is a similar period to that  observed for pat ients 1 day 
af t er laser in sit u kerat omileusis (LASIK);  in t his case we 
showed an important  VA improvement  after one night  of CRT 
Dual  Axis lens wearing,  which means t his new lens can 
correct  a similar amount  of myopic refract ion than previous 
Paragon CRT models after one night  of lens wear.

In our case,  symmet r ic design fai lure may be due t o 
cor neal  per i pher al  ast i gmat i sm;  al t hough cor neal 
ast igmat ism is within the normal range, we see that  corneal 
ast igmat ism is l imbus-t o-l imbus rather t han cent ral ;  t his 
fact  prevent s t he lens t o land peripheral ly 360 degrees 
around t he cornea,  so t he desired t opographical changes 
cannot  occur.  Dual  Axis lens al low us t o improve lens 
centering and to obtain a well-centered t reatment  zone.

Comparison between CRT symmetric design and CRT Dual 
Axis geomet ry,  reveal s t hat  t hi s new l ens al l ows f or 
modulat ion of  t he lens periphery in t wo meridians when 
corneal elevat ion or curvature dif ferences limit  the success 
of  a fi t  (The design incorporates a dual return zone depth 
system with a shallower return zone depth to align the fl at  
corneal meridian and a deeper return zone depth to al ign 
t he st eeper  corneal  mer idian).  Those l enses permi t  
independent  manipulat ion of  a second RZD and LZA, t hat  
doesn’ t  al t er  t he dimension f ound opt imum in a f i rst  
meridian. Whilst  in symmetric design, if  we change a value 
(RZD,  LZA or bot h),  t his is var ied t hroughout  t he lens 
diameter.

Gonzalez-Méij ome et  al (2007) have analyzed the fi t t ing 
success rates of  nomograms provided by the manufacturer 
to choose the fi rst  CRT lens to be fi t ted. 3 They showed that  
92 % of  t he f i t t ings were achieved by changing only t wo 
parameters or less. In our case, using CRT Dual Axis Lens, we 

must  change two parameters in one eye and three on the 
ot her,  so in t his case CRT Dual Axis Lens shows a similar 
relat ionship between t he f irst  selected lens and t he lens 
fi nally prescribed to that  showed for previous CRT models.

In t his case we have shown a maint ained unaided VA 
during 1 year of CRT dual axis t reatment , showing those CL 
as a good opt ion in the presence of  poor centering and/ or 
low unaided VA instead of the amount  of ast igmat ism.

An advantage of OK over surgical procedures may be the 
temporalit y of changes. 9 If  a pat ient  leaves the t reatment , 
t he ref ract ion wil l  ret urn t o basel ine;  t his fact  could be 
important  for presbyopic pat ients who want  to reduce the 
amount  of compensated myopia to improve unaided VA for 
near vision. Moreover,  for CRT t reatment ,  refract ive error 
does not  have to be stable,  making it  an useful t reatment  
for childs or youngs.
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