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Purpose: To investigate the postoperative outcomes of monovision correction by laser in situ keratomileusis
(LASIK). Methods: In this retrospective study, 150 myopic patients, 40 years or older, who had LASIK with a
follow-up of at least 3 months were examined. All monovision patients were divided into two groups: prepres-
byopic group: 40 to 45 years, presbyopic group: 46 years and older. The following factors were evaluated: gender,
level of anisometropia, uncorrected distance visual acuity (UDVA), need for glasses, and enhancement rate. Re-
sults: Eighty-seven patients (58 %) chose to be corrected for monovision and 63 patients (42%) chose bilateral dis-
tance correction. Women selected monovision more often than men (p = 0.002). In monovision patients, the pres-
byopic group required a higher level of residual myopia in the near eye, and had a much lower rate of reaching J1
level (p =0.045). Twenty-one patients (24%) required retreatment, only 4 patients (5%) chose to cancel monovi-
sion. However, 15 patients (17%) underwent subsequent enhancement of their distance vision eye. Monovision
patients sought enhancement when UDVA in the distance eye was 20/30 or less (p<0.001). Conclusions: The vi-
sion in the distance eye of monovision patients may have lower tolerance for residual refractive error and require
perfect distance vision than bilateral distance correction.
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Introduction

Patients in the presbyopic age range who un-
dergo corneal refractive surgery want not only ex-
cellent distance vision but also functional near vi-
sion, preferably without glasses correction. Monovi-
sion contact lenses may be useful”™, but most pa-
“tients who have refractive surgery do not favor this
approach. Many refractive surgery procedures
have been forwarded to correct problems in the
presbyopic age group, including monovision pro-
vided by laser in situ keratomileusis (LASIK) or
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photorefractive keratectomy (PRK)”™, multifocal

LASIK or PRK"™, holmium: yttrium aluminum gar-
net (Ho: YAG) laser thermal keratoplasty™, radiofre-
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quency™, or diode laser thermal keratoplasty™. Pro-

cedures that expand or relax the sclera™, intracor-
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neal implants', multifocal intra ocular lenses', ac-

commodative intraocular lenses®, and anterior

chamber phakic multifocal intraocular lenses™are
other approaches that have been used with varying
degrees of success.

In monovision, the distance eye is targeted to
plano refraction and the near eye is corrected to
low myopia, typically in the range of — 0.5 diopter
(D) to — 25 D. The dominant eye is usually cor-
rected for distance vision and non-dominant eye
corrected for near, although some patients prefer
the opposite (i.e.; crossed monovision). We previ-
ously reported that most patients with monovision
correction after photorefractive keratectomy (PRK)
had good visual function, including good streopsis at
distance and near, with high satisfaction (90.5%)°.
Patient satisfaction with monovision refractive sur-
gery reported in the literature has ranged from
88% t097.6%" .

This study investigated the postoperative out-
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comes of presbyopic and prepresbyopic patients se-

lecting monovision correction by LASIK. We also

evaluated the reasons why some patients had re-

treatment with monovision refractive surgery.
Patients and Methods

This project was approved by the Institutional
Review Board at the Cleveland Clinic and adhered
to the tenets of the Declaration of Helsinki.

Medical records of 283 eyes of 150 consecutive
patients who were treated with LASIK in one or
both eyes at the Cole Eye Institute in the Cleveland
Clinic were examined. Patients were followed up at
least 3 months after surgery and were treated with
Alcon LADARVision excimer laser (model 4000)
(Alcon, Fort Worth, TX, USA) and created the flap
by Moria M2 microkeratome (Moria, Paris, France)
or IntralLase laser (Advanced Medical Optics, Santa
Ana, CA, USA) by one surgeon (S.E.W.). Patients
with hyperopia, amblyopia, ocular diseases and pre-
vious corneal surgery and/or intraocular lens im-
plantation were excluded.

All patients older than 40 years received detailed
explanations about presbyopia and chose between
full distance correction in both eyes and monovi-
sion. Considerations in selecting monovision in-
cluded occupation, sports, hobbies, and importance
of preserving near vision. Contact lens trials for
simulating monovision were provided prior to sur-
gery, if the patients showing interest had no previ-
ous experience.

The following factors were evaluated: gender,
preoperative refraction and spherical equivalent
(SE), target for monovision correction decided by
the patient after consultation with the doctor
(=050 D to —25 D), postoperative SE, level of ani-
sometropia, uncorrected distance visual acuity
(UDVA) with both eyes and for each eye, need for
glasses, and enhancement rate. The 87 monovision
patients were divided into 2 subgroups: the
prepresbyopic group including those with ages
varying from 40 to 45 years (34 patients), and the
presbyopic group including subjects above 46 years
of age (53 patients). Moreover, data included results
from 63 patients older than 40 years of age that had
both full distance corrections.
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The typical target for monovision correction de-
pended on the patient’s age according to our clinical
nomogram derived from our first study®. In the
prepresbyopic group, patients received between
—0.75 and — 1.0 D of myopia in the near eye; pres-
byopic patients received approximately —15 D to
—2.0D of myopia in the near eye.

Visual acuity for distance was measured with
Snellen visual acuity charts at 20 feet. Near vision
was measured with Jaeger table at 14 inches. All
exams had similar lighting, equipment, and charts
for distance and near measurements and took place
between 3 and 9 months after surgery. The domi-
nant eye for each patient was identified using the
“pinhole test” whereby the patient, using both eyes
simultaneously, lines up an object through a small
hole. The eye that aligned through the hole with the
viewing object was considered the dominant eye.
We confirmed the dominance by asking the patient
which eye he or she used to take a photograph or to
shoot a gun.

Data is presented as the mean * standard devia-
tion (SD) and were analyzed using statistical soft-
ware (Stat view 4.5, Abacus Concepts, Berkeley,
CA, USA). A p value less than 0.05 was considered
to indicate a statistically significant difference.

Results

1. Who Chooses Monovision?

Of 150 consecutively treated myopic LASIK pa-
tients 40 years or older, 87 (58%) chose to be cor-
rected for monovision and 63 (42%) chose bilateral
distance correction. Monovision group had 87 pa-
tients: 38 subjects (43.7%) were men and 49 sub-
jects (56.3%) were women. While in full distance
correction group had 63 patients: 44 subjects
(69.8%) were men and 19 subjects (30.2%) were
women. Women preferred monovision to full dis-
tance correction (p = 0.002).

2. Postoperative anisometropia

In the monovision group, there were no signifi-
cant differences related to preoperative SE in the
distance eye, preoperative SE in the monovision
eye, and postoperative SE in the distance eye be-
tween the 2 groups. The level of postoperative ani-
sometropia was significantly different between the
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Table 1 Comparison outcomes between prepresbyopic group and

presbyopic group

Prepresbyopic group

Presbyopic group

(n=34) (n=>53) p value
Distance eye
Preoperative SE —478=229 (D) -412+312 (D) 0496 T
Postoperative SE -02=043 (D) -014=059 (D) 0601 T
Near eye
Preoperative SE —442+229 (D) —-420+294 (D) 0714 1
Postoperative SE =097+050 (D) -143+0.70 (D) 0.002 T
Anisometropia -0.77+059 (D) -129=088 (D) 0.003 f
Getting J1 28 (82.4%) 33 (62.3%) 0.046 *
Enhancement 5 (14.7%) 16 (30.2%) 0127 %

SE: spherical equivalent, T By non-paired t-test, ¥ By Chi-square test.
The postoperative SE for near eye, the level of postoperative anisometropia
and the rate of getting J1 level were significantly different between the pre-

presbyopic group and presbyopic group.

Table 2 Enhancement rate related to
UDVA for distance eye

UDVA for the distance eye

20/15,20,25  20/30 or worse P value
(n=71) (n=16)
7 (99%) 14 (87.5%) p<0.001

UDVA: uncorrected distance visual acuity,
By Chi-square test.

The enhancement rate was significantly
higher when UDVA was worse or equal to
20/30 in the distance eye.

prepresbyopic group and presbyopic group (p =
0.003). The rate of monovision patients reaching J1
level for reading was significantly higher in the
prepresbyopic group than the presbyopic group
(82.4% vs 62.3%, p=0.046) (Table 1).

3. Retreatment

Enhancement was performed in 21 (24.1%) of
monovision patients. There was no statistically sig-
nificant difference in enhancement rate between
prepresbyopic and presbyopic group (14.7% vs
302%, p=0.127) (Table 1). Only 4 patients (4.6%)
chose to forego monovision and subsequently en-
hance the near eye to distance vision. The distance
eye needed enhancement (71.4%) more commonly
compared to the near eye (28.6%) to gain patient
satisfaction with monovision. Patients with UDVA
worse or equal to 20/30 in the distance eye had an
enhancement rate of 87.5%, while patients with
UDVA better than 20/30 had an enhancement rate

0of 9.9% (p<0.001) (Table 2). In the full distance cor-
rection group, the rate of enhancement was 28.6%.
There were no statistically significant differences
between the monovision group and full distance
group (p=10.541).

4. Need for glasses after LASIK

Finally, in the monovision group, 8 patients (9.2%)
used glasses for night driving, and 10 patients
(11.5%) used reading glasses at all times after re-
treatment. In the full distance correction group,
they were more likely to need reading glasses for
most or all the time. With respect to distance
glasses after LASIK, no patients required distance
glasses at all times in both patients. There were no
significant differences between the monovision
group and the full distance group (p = 0.193). How-
ever, the monovision group was more likely to
never need reading glasses after LASIK and less
likely to need reading glasses at all times than the
full distance correction group (p<0.001) (Table 3).

Discussion

The findings of this study indicate that the visual
results were excellent in both the monovision and
full distance correction groups, and monovision
with LASIK is a useful tool for patients with
prepresbyopia and presbyopia who want to retain a
combination of distance and near vision. If adequate
patient selection is practiced, and good uncorrected
vision is obtained in the distance eye, the success
rate of this technique is high, reaching 72% to over
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Table 3 Distance glasses and reading glasses after LASIK

Need for distance glasses

Need for reading glasses

Correction

Never Night driving Always Never Occasionally All the time
Monovision 90.8% 9.2% 77.0% 11.5% 11.5%
Full distance 96.8% 3.2% 34.9% 23.8% 41.3%
p Value 0.193 <0.001

By Chi-square test.

Monovision group was more likely to never need reading glasses after LASIK and less likely to need

reading glasses at all times than the full distance correction group.

90% of the cases®™. The acceptance of monovision
by our patients was 95.4%.

Goldberg®reported that women chose monovision
2: 1 over men, and male patients selected a signifi-
cant preference for distance correction. Braun et
al” reported women selected monovision slightly
more often than men (66.9% vs 60.5%, p=0.14). Our
data also showed that women were more likely to
prefer monovision to full distance correction.

There are several factors to consider when decid-
ing on the level of anisometropia to target in a par-
ticular monovision patient. Jain et al® noted lower
degrees of anisometropia facilitated intraocular blur
suppression, stereo acuity, and contrast sensitivity.
As a result, current studies®”'*™ limit the level of
anisometropia to 1.5 to 2.0 D. However, the litera-
ture has not demonstrated clinical complaints of
loss of depth perception with higher level of aniso-
metropia, and the fact that loss of contrast sensitiv-
ity, which is most symptomatic with night driving,
can be corrected with glasses for night driving. The
advantage of a higher level of anisometropia is that
it can prolong the duration of near reading without

¥9 extended monovision to a cor-

glasses. Goldberg
rection of —2.5 D in the near eye for patients older
than 65 years, while Greenbaum® reported a high
degree of success with —2.75 D of nearsightedness
in the near eye in monovision resulting from pseu-
dopakia after cataract surgery. In our study, we
also targeted nearsightedness in the near eye at
— 20D for patients older than 55 years, and
achieved good results, but the ideal target for the
near eye remains controversial.

Another important issue was the need for en-
hancements after monovision with LASIK. Monovi-

sion enhancement rates in literature vary from
1.8%” to 27.9% . Goldberg® shows that a higher
rate of enhancement is necessary to achieve suc-
cess with LASIK monovision. He also reported
monovision patients are more likely to require en-
hancements than full distance correction patients.
However, our study represents that there were no
statistically significant differences between the
monovision group and full distance group. Further-
more, we confirmed that the distance eye needed
enhancement more frequently compared with the

1)12)

near eye. Some previous studies reported that
enhancement rate in the distance eye was statisti-
cally higher. Thus, good uncorrected visual acuity
in the distance eye is paramount for patient satis-
faction with monovision and patients with monovi-
sion tend to seek enhancement when the distance
eye has a vision equivalent to 20/30 or less. The vi-
sion in the distance eye in the monovision patient
may have lower tolerance for residual refractive er-
ror and require perfect distance vision than a bilat-
eral distance correction. The 4 dropouts failed to tol-
erate monovision because of a higher level of aniso-
metropia than they expected. They also had insuffi-
cient contact lens trial for CL intolerance. Given
these findings, a contact lens trial should be re-
quired, especially in patients who have never expe-
rienced contact lens monovision. Prior use or trial of
contact lens monovision is important for the key to
success with monovision LASIK. Overall patient ac-
ceptance with monovision was 954% in this study
after enhancement was performed, which is similar
to previous studies® ™.

As expected, patients who chose full distance cor-
rection were more likely to wear reading glasses

—E93—



94

and patients who chose monovision were more
likely to need distance glasses occasionally. Qur re-
sults suggest that monovision with LASIK may not
be suitable for patients in whom night driving and/
or reading are an essential part of their lives.

Several other surgical procedures that aim to cor-
rect presbyopia® ™™ have been reported to have
varying results. Some of these procedures, includ-
ing multifocal excimer laser ablations and multifocal
phakic intraocular lenses are being actively investi-
gated and appear promising, but others are contro-
versial and have questionable efficacy and/or
safety. Therefore, at present, monovision correc-
tions with either LASIK or PRK remain the most
common options to treat presbyopic and prepres-
byopic patients who are considering refractive sur-
gery in order to decrease dependency on both near
and distance glasses.

In summary, the most adequate candidates for
monovision with LASIK would be women who have
experienced contact lens monovision. This study
demonstrates that retreatment is commonly
needed when the vision in the distance eye is
equivalent to 20/30 or less in monovision with LA-
SIK. The vision in the distance eye in the monovi-
sion patient may have lower tolerance for residual
refractive error and require the perfect distance vi-
sion than a bilateral distance correction. Patients re-
quire 20/30 or better uncorrected distance vision
and J2 or better near vision to be satisfied.

Acknowledgments

This study in part was supported by 17th the scholar-
ship fund to study abroad, SHISEIKAI (Suto C: Postdoc-
toral research fellow: Cole Eye Institute, Cleveland
Clinic, Cleveland, OH, USA, 2006-2007).

This study was supported by in part by US Public
Health Service grants EY10056 and EY 15638 from Na-
tional Eye Institute, National Institutes of Health, Be-
thesda, Maryland and Research to Prevent Blindness,
New York, NY for SE.W.

It presented at The Association for Research in Vi-
sion and Ophthalmology, Fort Lauderdale, Florida, May
2007.

—E%4—

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

References

Fonda G: Presbyopia corrected with single vision
spectacles or corneal lenses in preference to bifocal
corneal lenses. Trans Am Ophthalmol Soc 25: 78—
80, 1966

Jain S, Aurora I, Azar DT: Success of monovision
in presbyopes: review of literature and potential ap-
plications to refractive surgery. Surv Ophthalmol
40: 491-499, 1996

Josephson JE, Erickson P, Back A et al: Monovi-
sion. ] Am Optom Assoc 61: 820-826, 1990
Gauthier CA, Holden BA, Grant T et al: Interest
of presbyopes in contact lens correction and their
success with monovision. Optom Vis Sci 69: 858—
862, 1992

Johannsdottir KR, Stelmach LB: Monovision: a re-
view of the scientific literature. Optom Vis Sci 78:
646-651, 2001

Wright KW, Guemes E, Kapadia MS et al: Binocu-
lar function and patient satisfaction after monovi-
sion induced by myopic photorefractive keratec-
tomy. ] Cataract Refract Surg 25: 177-182, 1999
Jain S, Ou R, Azar DT: Monovision outcomes in
presbyopic individuals after refractive surgery.
Ophthalmology 108: 1430-1433, 2001

Goldberg DB: Laser in situ keratomileusis monovi-
sion. J Cataract Refract Surg 27: 1449-1455, 2001
Goldberg DB: Comparison of myopes and hype-
wropes after laser in situ keratomileusis monovi-
sion. J Cataract Refract Surg 29: 1695-1701, 2003
Miranda D, Krueger RR: Monovision laser in situ
keratomileusis for pre-presbyopic and presbyopic
patients. ] Refract Surg 20: 325-328, 2004

Reilly CD, Lee WB, Alvarenga L et al: Surgical
monovision and monovision reversal in LASIK.
Cornea 25: 136-138, 2006

Braun EH, Lee ], Steinert RF: Monovision in LA-
SIK. Ophthalmology 115: 1196-1202, 2008

Moreira H, Garbus JJ, Fasano A et al: Multifocal
corneal topographic changes with excimer laser
photorefractive keratectomy. Arch Ophthalmol
110: 994-999, 1992

Koch DD, Kohnen T, McDonnell PJ et al: Hyper-
opia correction by noncontact holmium: YAG laser
thermal keratoplasty: U.S. phase IIA clinical study
with 2-year follow-up. Ophthalmology 104: 1938—
1947,1997

McDonald MB, Durrie D, Asbell P et al: Treat-
ment of presbyopia with conductive keratoplasty® :
six-month results of the 1-year United States FDA
clinical trial. Cornea 23: 661-668, 2004

Rehany U, Landa E: Diode laser thermal kerato-
plasty to correct hyperopia. ] Refract Surg 20: 53—
61, 2004

Qazi MA, Pepose JS, Shuster JJ: Implantation of
scleral expansion band segments for the treatment
of presbyopia. Am ] Ophthalmol 143: 808-815, 2002
Steinert RF, Storie B, Smith P et al: Hydrogel in-
tracorneal lenses in aphakic eyes. Arch Ophthalmol
114: 135141, 1996

Packer M, Fine IH, Hoffman RS: Refractive lens



95

exchange with the Array multifocal intraocular 21) Alié JL, Mulet ME: Presbyopia correction with an
lens. J Cataract Refract Surg 28: 421-424, 2002 anterior chamber phakic multifocal intraocular

20) Findl O, Kiss B, Petternel V et al: Intraocular lens lens. Ophthalmology 112: 1368-1374, 2005
movement caused by ciliary muscle contraction. J 22) Greenbaum S: Monovision pseudophakia. J Cata-
Cataract Refract Surg 29: 669-676, 2003 ract Refract Surg 28: 1439-1443, 2002

ZHBEICHTBE/ET 32 LASIK

"WERELTFER KRR
BREZ ) —-TF Y F7 )=y 7 a— VIERFZRRT
Moy u REFRBEEE

Ak

A by F A3 )
ik ST - Fabricio W MEDEIROS™ - Steven E WILSON® - ¥ HR

(BRWIE/ €Y a v iid, BMBREzEAHIC, FEMEEZEFRICHCIEHBEETHS. Hhbary
MLV ARZEBEIEY 3 VEIEZER LTV, 3B laser in situ keratomileusis (LASIK) (28WTh, &
BEZIHNLTE/EYa Y LASIK BT B L) ilhoTwh. £/ EV g ¥ LASIK OMEEEY, S, BE
WEEDOEWE/ Ve Y LASIK DERZMAZ L2 HME Lz (R EFHE] 0E13 40 %D EOEREIE
LASIK # %) T3» HULREBEBWETH 721508 THD. T/ EVa VIASIKZ#HEL B84
(58%) EMELEFBEZHLELBEG6I 4 (42%) L OREL, X5I2F /¥ Y a YEEIZERT 40~45 O EZHET
BeMEREL 46 UL L OEBRBICHT T, HR, /Y3 v OO REE, BIRES, BINEEFEREEZ0
P, HRGEAREZRE L. (BR) €/ 8V a VHLEHEILEDOII) PERICE o7z (p=0002). EHET
3, ELHAOREEERMEEEL D) DBVEHEEZERTLEND ), EHFROBRIFEG 2 TRLARI
Ko7z (p=0045). BIMBEOHEFMIL 21 4 (24%) [CRBEEL LA, £0Ib0 4% (5%) 3T/ EV 3
YORZFCHERTE R W=D, EHEZERLTHAEFHBAEFEBICEELEL, mMEEFRELE —F
154 (17%) &, EHRBOBMEEZE L. & SEGREOERE A 20/30 ORI 067 #H4) L b
BuwE, BUE2EFRBEZ2ETUEEANL ) IEBIEMBEEZEZL L7 (p<0001). €/ ¥ Y3 VBT,
TR FBIERE &, EAIRSEEARIAEEN WS OO, EHIRSEMEARPE B 2 h 572 (p<0.001).
(K55m) AW D, €/ Y a v LASIK 2517 - B IR HHRIB OB DA% 20/30 LT TH 5 LBINBIE %55 <
VEEFT LI EPHALNC o7z BHHBAFIBOATHLE ) ¥V g v BEIRABITEE ST 2 BAH
K<, MREFBEEELE LY BB EHTHRBEZERT S,
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