Occurrence and Prevention
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Objectives: To report the occurrence of persistent dip-
lopia manifesting after refractive surgery, to describe the
different causes of this complication, to provide risk strati-
fication for its occurrence, and to outline minimal screen-
ing techniques for its prevention.

Methods: A retrospective medical record review of pa-
tients seen in 2 private strabismus practices who expe-
rienced persistent diplopia after refractive surgery.

Results: A total of 28 patients were identified who met
the inclusion criteria. The causes of postoperative dip-
lopia could be traced to 1 of 5 mechanisms. These in-
cluded technical problems, prior need of prisms, anisei-
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konia, iatrogenic monovision, and improper control of
accommodation in patients with strabismus. The recom-
mended screening techniques would have identified all
patients in this series as being at risk for postoperative
diplopia with the exception of those in whom technical
problems were responsible.

Conclusions: Diplopia can become manifest after re-
fractive surgery. With proper attention paid to risk strati-
fication and recommended screening criteria, the inci-
dence of this complication can be minimized.

Arch Ophthalmol. 2003;121:315-321

From the Department of
Ophthalmology and Visual
Sciences, University of
Wisconsin, Madison

(Dr Kushner); the Department
of Ophthalmology, University
of Melbourne, Melbourne, and
the Royal Victorian Eye and
Ear Hospital, East Melbourne,
Australia (Dr Kowal).

Drs Kushner and Kowal have
no relevant financial interest
in this article.

EFRACTIVE SURGERY is be-

coming increasingly popu-

lar with patients who seek

an alternative to wearing

spectacles. It has been es-
timated that every year, approximately 1.5
million patients worldwide undergo laser-
assisted in situ keratomileusis (LASIK).!
Recent reviews of complications of refrac-
tive surgery have discussed infection, scar-
ring, cataract formation, strabismus, and
corneal decompensation.™* In addition,
there have been several small case series
of diplopia after refractive surgery.*'® Some
of these tudies described temporary dip-
lopia, attributed to an interim period of iat-
rogenic anisometropia or monocular oc-
clusion that occurred between surgical
stages in both eyes of patients in whom a
2-stage procedure was planned.*"'° There
have also been patients with long-lasting
symptoms.*%8 Little has been written
on the different causative mechanisms of
diplopia after refractive surgery, stratifi-
cation of patient characteristics that con-
stitute different levels of risk for its oc-
currence, or recommended screening
criteria.'’ To our knowledge, an inci-
dence figure for this complication has not
been published. In the last several years,

we have increasingly been referred pa-
tients who experience diplopia after re-
fractive surgery. The purpose of this ar-
ticle is to review our experience with this
complication, analyze the different caus-
ative mechanisms of its occurrence, out-
line relative risk stratification criteria, and
provide specific screening guidelines for
patients undergoing refractive surgery.

— T

A retrospective review was conducted of pa-
tients seen in our clinical practices who were
evaluated because they experienced persis-
tent monocular or binocular diplopia (did
not resolve spontaneously) after undergoing
refractive surgery, either in the form of
LASIK, photorefractive keratectomy, or ra-
dial keratotomy. The series consists of all
such patients seen consecutively between
1987 and 2002; there were no exclusion cri-
teria. All patients were personally seen by 1 of
the 2 of us and were evaluated and treated in
our usual manner. This included a complete
ophthalmologic evaluation with particular at-
tention to ocular motility and sensory status.
In all patients, measurement of any angle of
misalignment with the alternate prism and
cover test, assessment of the potential for
elimination of diplopia if the deviation was
offset with prisms, and stereopsis testing with
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Table 1. Etiology of Diplopia*
No. of
Etiology Patients
Technical problems
Scarring 1t
Ablation zone too small 11
Decentered treatment zone 1
Astigmatic axis or power change 2
Residual hyperopia in patient with accommodative 3
esotropia
Residual hyperopia in patient with anisometropic 1
exotropia
Overcorrection
Induced aniseikonia 1
Overcorrected myopia with esotropia 2
Prior prism 3
Aniseikonia 1
Monovision
Intermittent strabismus, unreliable fusional mechanisms 3
Fixation switch diplopia 8
Fourth cranial nerve paresis, secondary deviation 1
Incorrect targeted outcome: accommodation problems
Residual accommodation in patient with esotropia and a 1
high accommodative convergence-to-accommodation
ratio
Unrecognized bifocal lens in patient with prepresbyopia 1
Intermittent exotropia previously treated with 2
overcorrecting minus lenses
Difference between absolute and manifest hyperopia 1
Prior undercorrected hyperopia with intermittent 2
exotropia

*The total exceeds 28 because some patients are listed in more than 1
category.
tDiplopia was monocular.

the Titmus test were performed. All patients underwent a cy-
cloplegic refraction and, when indicated, a manifest refrac-
tion. When appropriate, fusional amplitudes were measured
with a prism bar or rotary prism, cyclotorsion was assessed
objectively by viewing the fundus with the indirect ophthal-
moscope and subjectively with the double Maddox rod test,
and aniseikonia was quantified using the Awaya New Anisei-
konia Test."” In some patients, an additional orthoptic evalu-
ation in the form of testing with the synoptophore was carried
out. To understand the causative mechanism of diplopia in
some of the patients in this series, we reviewed records from
the ophthalmologist who had performed the refractive sur-
gery or from ophthalmologists or optometrists who had cared
for the patient years earlier.

— T

Our review identified 28 patients who met the inclusion
criteria. Their ages ranged from 20 years to 57 years
(mean+SD, 37.2+9.3 years). The sex distribution was
15:13 for females to males, respectively. Five general
mechanisms accounted for the complication of postop-
erative diplopia in this series. An overview of the differ-
ent causes we identified appears in Table 1.

TECHNICAL PROBLEMS

Technical problems in the form of either scarring or fail-
ure to achieve the desired optical outcome were respon-
sible for diplopia in 11 of our patients. The only 2 pa-

tients in the series who developed monocular diplopia
did so as a result of technical problems while undergo-
ing LASIK. In 1 patient this condition occurred because
of a buttonhole through the center of the flap, resulting
in a scar near the center of the visual axis. In the other it
occurred because the ablation zone was too small in a
patient with relatively large pupils.

Another patient, previously described in detail,’
had approximately 27 diopters (D) of myopia preopera-
tively (spherical equivalent) and developed postopera-
tive binocular diplopia after undergoing LASIK, which
had attempted to correct 23 D of myopia. Because he
had difficulty maintaining fixation during the proce-
dure, the treatment zone was inadvertently decentered
upward. This induced a vertical prismatic effect, which
resulted in 16 prism diopters (PD) of hypertropia. The
mechanism by which decentration of the flap can have
the same effect as “grinding” a large amount of prism in
the cornea has previously been described in detail.” In
general, vertical fusional amplitudes are much smaller
than horizontal ones. Consequently, inadvertent hori-
zontal decentration of the treatment zone is more for-
giving than vertical decentration and less likely to cause
diplopia.

One patient, a 24-year-old man, developed diplo-
pia secondary to a series of bilateral radial keratotomy
procedures to treat myopia. After 2 surgical procedures
on his right eye and 4 on the left, which were unsuccess-
ful in reducing the myopia in his left eye, he still had a
substantial amount of anisometropia. Although he had
only 5 PD of exotropia after his last refractive surgical
procedure, he could not maintain fusion when the de-
viation was offset with prisms secondary to a 7% anisei-
konia.

Two patients developed diplopia because of inac-
curate correction of an astigmatic refractive error. One
was a 34-year-old man who had a preoperative cyclople-
gic refraction of -4.00+2.00, axis 100, OD and
-5.00+2.50, axis 85, OS. After undergoing radial kera-
totomy surgery in his left eye only, he had a residual re-
fractive error of —2.00+3.25, axis 55, OS. This 30° rota-
tion in the axis of astigmatism resulted in an optically
induced 7° excyclotropia of the operated eye, as mea-
sured subjectively with the double Maddox rod test. Al-
though he had normal ocular motility (no shift on the
cover test) and no objective fundus torsion, he re-
mained symptomatic when last seen 4 years after refrac-
tive surgery. He was able to fuse the torsionally rotated
image and, when tested with the synoptophore, had fu-
sional amplitudes if the torsional misalignment was op-
tically corrected. The patient declined strabismus sur-
gery to treat his torsional diplopia. Rubin'® has explained
the mechanism by which a shift in the axis of astigma-
tism can result in a tilting of the image. Another patient,
a 40-year-old woman, had a preoperative refractive er-
ror of —=4.00+4.00, axis 90, OD. As a result of a math-
ematical error in converting her refractive error from plus-
cylinder to minus-cylinder format, the refractive error that
was programmed into the computer placed the cylinder
axis 90° from its correct location. After surgery she had
a final refractive error of —8.00+8.50, axis 170, OD, which
resulted in binocular diplopia. Although she was ortho-
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phoric, she could not fuse the 2 images because she had
aniseikonia of 9% and distortion of the image in the op-
erated eye.

Given the current technology, refractive surgery to
correct hyperopia is less precise and more likely to fluc-
tuate postoperatively than surgery to correct myopia. It
is important for the refractive surgeon to realize that hy-
peropia is not the mirror image of myopia. The treat-
ment of myopia always centers on a relatively fixed tar-
get: the cycloplegic refractive error. In the treatment of
hyperopia, the target is less stable as a result of the vari-
able influence of accommodation in each eye. The clini-
cal status and comfort of the patient are dependent on
the subtleties of the interaction of accommodation and
refractive error as well as the technical accuracy of the
refractive surgery. Four patients in this series had unin-
tentional residual hyperopia, which resulted in decom-
pensation of a previously well-controlled accommoda-
tive esotropia. One such patient was a 32-year-old
woman who had a previously well-controlled accom-
modative esotropia when wearing her cycloplegic re-
fractive correction of +3.50+2.50, axis 115, OD, and
+3.50+3.50, axis 60, OS. After undergoing bilateral
LASIK surgery, she had a cycloplegic refractive correc-
tion of +1.75+1.50, axis 115, OD, and +1.25+1.75, axis
60, OS. She had an uncorrected visual acuity of 20/25
OU after surgery despite the residual uncorrected astig-
matism. Consequently, she did not wear an optical cor-
rection after surgery and had a 15-PD esotropia. She
had continual diplopia along with the esotropia. Simi-
larly, the overcorrection of myopia in 2 patients with a
history of accommodative esotropia resulted in postop-
erative diplopia.

PRIOR NEED OF PRISM

Refractive surgery can allow a preexisting diplopia that
has been controlled with prisms to become manifest. Three
patients experienced binocular diplopia after refractive
surgery because they had required prisms in their spec-
tacles to eliminate diplopia preoperatively. In 1 case, both
the refractive surgeon and the patient were unaware that
the patient had been wearing prisms in his spectacles.
In another, the refractive surgeon was unaware of the pa-
tient’s need for prisms even though the patient was aware.
The patient had not mentioned it to the refractive sur-
geon because she did not realize that it was relevant. In
the third case, the surgeon had hoped that a reduction
in the patient’s astigmatic refractive error might elimi-
nate his need for prisms after surgery. This turned out
not to be accurate.

ANISEIKONIA

Aniseikonia can produce a peculiar form of binocular dip-
lopia in which the 2 images are not displaced in space
but one image is larger than the other. There is disagree-
ment regarding the exact amount of aniseikonia that
healthy subjects can tolerate. Katsumi et al'* reported that
aniseikonia of 3% or more can impair binocular func-
tion. Others have suggested that aniseikonia of up to 5%
can be tolerated.'!® Knapp’s rule states that if anisome-

tropia is axial, aniseikonia should not be present with spec-
tacle correction.'” Similarly, if a patient with an axial an-
isometropia (and without aniseikonia) has the refractive
error corrected at the corneal plane, aniseikonia is likely
to be induced. This occurs because a shift in location of
the optical correction from the spectacle plane to the cor-
neal plane results in a change in the perceived image size,
even if there is no image size difference between the 2
eyes when the optical correction is made with spec-
tacles. To the extent that Knapp’s rule is correct, if a pa-
tient has substantial anisometropia (we estimate that to
be > approximately 4 D based on Linksz and Bannon’s
rule'®) and normal fusion, it would follow that the an-
isometropia is axial and that significant aniseikonia is not
present. With such a patient, refractive surgery can re-
sult in aniseikonia of at least 4%, which may cause dip-
lopia.®'® One patient in this series had myopia of 2 D OD
and 8 D OS with good fusion; he had 60 seconds of ste-
reopsis prior to refractive surgery. After undergoing bi-
lateral refractive surgery, which left him with a negli-
gible refractive error in both eyes, he had intractable
diplopia secondary to aniseikonia, which measured 7%.

MONOVISION

Monovision (the intentional optical correction of one eye
for distance focus and the other eye for near focus to treat
presbyopia) is becoming increasingly common with the
rising popularity of refractive surgery. Monovision is suc-
cessful in approximately 73% of patients with presby-
opia."” If, however, a patient has strabismus, certain im-
portant factors render monovision a less satisfactory
treatment option.”*?! We have observed 3 different mecha-
nisms by which monovision can cause diplopia in pa-
tients with previous strabismus. It has been shown that
long-standing monovision in adults results in the ab-
sence of foveal fusion and reduced stereoacuity.?? Thus,
patients who have an intermittent strabismus (eg, inter-
mittent exotropia) and hence an unreliable fusional
mechanism may experience decompensation of a previ-
ously well-compensated strabismus as a result of the iat-
rogenic anisometropia produced by monovision.”**3
This mechanism was the cause of diplopia in 3 of our pa-
tients. Similarly, patients with paretic strabismus such
as a fourth cranial nerve paresis may lose control of a pre-
viously well-compensated strabismus because of mono-
vision.*® With monovision, the patient is required to fix-
ate with the paretic eye either at distance or near focus.
When fixating with the paretic eye, a larger tropia (a sec-
ondary deviation) is present because of Hering’s law. This
may exceed the previously established fusional ver-
gence amplitudes and result in a deterioration of con-
trol of the ocular alignment. This mechanism was re-
sponsible for diplopia in 1 patient in this series. Finally,
patients with a constant nonalternating strabismus (ei-
ther a microtropia or larger deviation) may not be ac-
customed to suppressing the image from their domi-
nant eye when they fixate with their nondominant eye.
In such patients, the suppression scotoma that is typi-
cally present in their nondominant eye may not transfer
to their dominant eye when they fixate with the non-
dominant one. This entity, known as fixation switch dip-
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lopia, has been previously described in detail ° It was the
cause of diplopia in 3 of our patients.

Of the 7 patients in whom monovision appeared re-
sponsible for the diplopia, it was intentional in 6 and un-
planned in 1. In the 7 patients with monovision, the in-
terocular difference ranged between 1.50 D and 2.50 D
after refractive surgery.

CONTROL OF ACCOMMODATION
IN PATIENTS WITH STRABISMUS

The relationship between accommodation and conver-
gence is crucial to the understanding of esotropia and exo-
tropia. In the “Technical Problems” section, we de-
scribed 6 patients with previously well-controlled
esotropia in whom failure to achieve the targeted opti-
cal end point resulted in a recurrence of esotropia and
diplopia. There are also many circumstances in which
the surgeon may attain his or her targeted optical out-
come but because of certain nuances in the relationship
between accommodation and horizontal strabismus, that
targeted outcome may not be ideal. Such was the case in
9 additional patients in this series who are listed in Table
1 under the heading “Incorrect Targeted Outcome: Ac-
commodation Problems.” One patient was a 32-year-
old woman with myopia who had a preoperative refrac-
tive error of approximately —2.50 sphere bilaterally. She
had always taken her glasses off to read at near focus.
After undergoing LASIK surgery, which successfully elimi-
nated her myopia, she had a 12-PD intermittent esotro-
pia at 0.33 m with diplopia. Review of her prior ophthal-
mologic records revealed that she had a preexisting
esophoria at near focus, which was probably the reason she
chose to remove her spectacles for reading. She was un-
aware of the esophoria and merely felt that her vision was
more comfortable without her glasses for near viewing. An-
other patient, a 24-year-old woman, had a history of ac-
commodative esotropia with a high accommodative con-
vergence-to-accommodation ratio. Her strabismus was well
controlled with a progressive bifocal lens. The refractive
surgeon was unaware that her spectacles contained a
bifocal segment because he did not expect a 24-year-old
patient to need a bifocal. After undergoing LASIK, she mani-
fested esotropia and diplopia during near viewing.

Two patients had intermittent exotropia that had
previously been controlled with intentional optical over-
correction of their myopia. The refractive surgery suc-
cessfully targeted and corrected their cycloplegic refrac-
tion but did not take into account that the patients were
accustomed to having an additional minus correction in
their glasses. This resulted in a deterioration of their exo-
tropia. In 1 patient with hyperopia and accommodative
esotropia, diplopia occurred because he normally re-
quired substantially more plus correction than his abso-
lute hyperopia (the minimum amount of plus correc-
tion for threshold visual acuity) to control his deviation.
The surgery targeted his absolute hyperopia rather than
the most plus correction he could accept and still have
threshold visual acuity. Finally, 2 patients had intermit-
tent exotropia with hyperopic astigmatic refractive er-
ror. Prior to refractive surgery, their spectacles did not
fully correct their hyperopia; they needed to exert some

accommodative convergence to control their horizontal
deviation. After refractive surgery, which corrected much
of their hyperopia, they were no longer able to use this
accommodative convergence to control their strabis-
mus. The exotropia deteriorated, resulting in diplopia.

Another theoretical mechanism deserves mention.
The increased accommodation necessary for near focus
after surgical correction of myopia might cause the de-
terioration of a previously well-controlled accommoda-
tive esotropia. This would be similar to the sudden mani-
festation of presbyopic symptoms that can occur in
patients with myopia who switch from spectacles to con-
tact lenses. Although this mechanism did not account for
the diplopia of any of our patients, the refractive sur-
geon should be aware that it could possibly complicate
an otherwise successful surgical result.

In all 28 patients in this series, diplopia was persis-
tent unless or until some optical or surgical measures were
taken to correct the underlying cause. It did not resolve
spontaneously in any of the patients.

— T

This study shows that diplopia can occur after refrac-
tive surgery. The mechanisms we identified as causative
include technical problems, the existence of prior prisms,
aniseikonia, monovision, and other accommodative is-
sues in patients with previous strabismus.

From this series, we have generated minimum
screening criteria to identify patients at risk for diplopia
after refractive surgery. These recommendations are sum-
marized in Table 2. When neutralizing a patient’s cur-
rent spectacles, the lenses should be marked while over-
lying the patient’s pupil, and a lensometer reading should
be obtained at that point to see if the patient is currently
wearing prisms. Also, particular attention should be paid
to identifying the presence of a progressive bifocal lens
because this type of lens is not grossly visible. Other-
wise the examiner may not notice that the patient re-
quires a bifocal lens. The cover-uncover test should be
performed at 6 m and 0.33 m while the patient is wear-
ing the targeted optical correction at both distances. Thus,
if monovision is the desired end point, testing for stra-
bismus should be performed while the patient is wear-
ing a monovision correction. Similarly, if a patient ha-
bitually wears spectacles only for viewing at either far
distance or 0.33 m (but not both), strabismus testing
should be carried out with the desired optical outcome
in place at both distances. All patients should have a mani-
fest refraction (without cycloplegia) and a cycloplegic re-
fraction, with cyclopentolate hydrochloride being the pre-
ferred cycloplegic agent. For the manifest refraction, the
end point in patients with myopia should be the weak-
est minus correction that provides threshold visual acu-
ity. For patients with hyperopia, the absolute hyperopia
(minimum amount of plus correction needed for thresh-
old visual acuity) and manifest hyperopia (maximum hy-
peropic correction accepted that permits threshold vi-
sual acuity) should both be noted prior to cycloplegia.
For the cycloplegic refraction in those with myopia, the
least amount of minus correction needed for threshold
visual acuity should again be determined, and the dif-
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Table 2. Screening Criteria

Screening Procedure

Comments

Minimal screening criteria
History

Check current spectacles including assessment for prisms
and no-line bifocal lens

Cover-uncover test and alternate prism and cover test,
distance and near focus

Refraction
Manifest

Cycloplegic

Additional tests
Fusional divergence and convergence amplitudes

Optical trial of monovision with spectacles or contact lenses

Trial with neutralizing prisms
Measure astigmatic axis with monocular and binocular viewing

Strabismus, diplopia, prism in spectacles, bifocal lens in patient with prepresbyopia,
prior eye exercises, patching.

Performed while patient is wearing targeted optical correction.

For patients with myopia, target least minus correction for threshold acuity. For patients
with hyperopia, least plus correction for threshold acuity = absolute hyperopia; most
plus correction accepted for threshold acuity = target.

Note difference between cycloplegic and manifest refractions. Difference between
manifest maximum plus correction and cycloplegic refraction = latent hyperopia.

Perform if there is a history or findings of diplopia, strabismus, or prisms in spectacles,
or a moderate-sized phoria.

Perform if monovision is the desired outcome and patient has substantial phoria,
prisms in spectacles, or history or findings of strabismus.

Perform if patient is wearing prisms in spectacles.

If substantially different in patients with strabismus, measure again during operation.

ference between that value and the one found with the
manifest refraction should be noted. For patients with
hyperopia, the maximum amount of hyperopic correc-
tion that permits threshold visual acuity with cyclople-
gia should be determined. One should then note the dif-
ference between that value and the manifest refraction,
which represents the amount of latent hyperopia.

Patients with strabismus but no diplopia as a result
of suppression were not included in this study. How-
ever, the principles presented in this article should be
equally useful to help prevent strabismus from manifest-
ing after refractive surgery in patients in whom this con-
dition was previously well controlled.

Tjon-Fo-Sang et al** recently observed that there can
be a surprising amount of cyclotorsion of either eye when
a patient changes from binocular viewing to monocular
viewing. This is particularly likely to occur in patients with
fourth nerve paresis, latent nystagmus, a latent cyclotro-
pia, or dissociated vertical divergence. Because most pa-
tients undergoing corneal topography prior to refractive
surgery have that test performed with binocular viewing
and because refractive surgery is performed with monoc-
ular viewing, their axis of astigmatism may rotate as much
as 31° when they fixate monocularly during the refrac-
tive surgical procedure. It has also been reported that only
a 15° angle of error in the axis of astigmatism can result
in a 50% error in the magnitude of the surgically cor-
rected astigmatism.” Tjon-Fo-Sang and colleagues rec-
ommend that corneal astigmatism be measured prior to
surgery, both with binocular and monocular viewing con-
ditions. If there is a substantial difference between the 2
readings, the axis of astigmatism should again be checked
during the operation. Patients who demonstrate this ro-
tation of the astigmatic axis and have 1 of the previously
mentioned strabismus conditions are at risk for post-
operative diplopia. They should undergo a detailed sen-
sorimotor evaluation.

Additional testing may be indicated for patients who
are designated at moderate or high risk for diplopia. These

additional tests are listed in Table 2 along with sug-
gested indications. If a patient is currently wearing prisms
in his or her spectacles, assessment of fusional ampli-
tudes with a prism bar or rotary prism may be helpful in
determining if the patient will be comfortable without
prisms. If office testing shows a safe range of fusional am-
plitude, refractive surgery should be safe. However, if there
is uncertainty about the quality of the patient’s fusional
amplitudes, the definitive test is for the patient to wear
spectacles (or contact lenses) without prisms for 1 to sev-
eral weeks prior to undergoing refractive surgery. This
can easily be accomplished by applying a Fresnel prism
to a patient’s existing spectacles in a direction that will
neutralize or subtract the existing prisms. Such a trial
would be an acceptable alternative to measuring fu-
sional amplitudes for all patients wearing prisms. Simi-
larly, if monovision is the desired outcome in a patient
with moderate or high risk, a preoperative trial of mo-
novision with spectacles or contact lenses is recom-
mended.

As aresult of our experience derived from this series,
we have developed a relative risk stratification for avoid-
ing diplopia after refractive surgery, which is summarized
as follows. Some of the specific recommendations are ar-
bitrary and cannot be supported with firm data. However,
our combined experience in treating adults with diplopia
suggests that these recommendations are generally sound
and sufficiently inclusive to identify most patients who are
atrisk for this complication. With the exception of the pa-
tients whose diplopia was caused by technical problems,
these screening criteria would have identified all remain-
ing patients in this series as being at risk.

LOW RISK

Patients should be considered to have low risk if they meet
all of the following criteria: myopia, less than 4 D of an-
isometropia, no history of strabismus or diplopia, no
prisms currently in their spectacles, no more than a mini-
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mal phoria on the alternate prism and cover test, and cur-
rent spectacles, manifest refraction, and cycloplegic re-
fraction all within 0.5 D of each other. Patients in the low-
risk group may still develop diplopia if major technical
problems result in an undesired optical outcome or if scar-
ring occurs. However, patients with accommodative eso-
tropia but good fusional reserve (amplitudes >10 PD)
while wearing their absolute hyperopic correction should
also be at low risk, irrespective of the prescription usu-
ally worn. Patients who have had prior strabismus sur-
gery and now have a good range of fusion while wearing
their absolute hyperopic or proper myopic correction
should be able to safely undergo refractive surgery.

MODERATE RISK

Patients who do not meet all of the low-risk criteria are
considered to have at least a moderate risk. We recom-
mend the additional tests listed in Table 2 (depending on
the specific risk factor) for these patients. For patients un-
dergoing testing of fusional amplitudes because of any rea-
son outlined in Table 2, values greater than 10 PD can gen-
erally be considered safe. If values of less than 5 PD are
found, the patient is at some risk for postoperative diplo-
pia. If patients wear prisms in their spectacles and a trial
of optical treatment without prisms results in comfort-
able binocular vision without diplopia, the risk is moder-
ate. Similarly, if monovision is the desired outcome of re-
fractive surgery in a patient with strabismus, and a trial of
contact lenses or spectacles to achieve monovision does
not result in diplopia, these patients are still at moderate
risk. Patients with accommodative esotropia and poor fu-
sional reserves (<5 PD) have a moderate risk of postop-
erative diplopia because of the less precise nature of re-
fractive surgery for hyperopia. In addition, the presence
of more than 2 D of latent hyperopia (eg, the difference
between the most plus power accepted for threshold vi-
sual acuity and the cycloplegic refraction) may pose a theo-
retical risk for late-occurring diplopia. Because latent hy-
peropia will inevitably manifest with time, such patients
will need larger ranges of fusional divergence to compen-
sate for the esophoria that may subsequently develop. Fi-
nally, patients who undergo surgery to correct a substan-
tial astigmatic refractive error and have a considerable
difference between the axis of astigmatism with binocu-
lar and monocular fixation are at risk for an inaccurate cor-
rection of their astigmatism. Such patients typically have
a strabismus such as a fourth cranial nerve paresis, latent
cyclotropia, or dissociated vertical divergence. Hence, they
are also at risk for developing diplopia if they undergo re-
fractive surgery.

HIGH RISK

Any patient who fails the additional testing needed to
qualify for moderate risk should be considered at high
risk. Also, patients are at high risk for postoperative dip-
lopia if they have accommodative esotropia and require
substantially more plus correction than their absolute hy-
peropia to control their deviation. In addition, patients
with more than 4 D of anisometropia and good fusion
are at high risk for developing symptomatic aniseiko-

nia. A trial with a contact lens may be helpful in deter-
mining how these patients will respond to a shift of the
optical correction closer to the corneal plane. We rec-
ommend that any patient who is designated at high risk
be assessed by someone with particular expertise in stra-
bismus (eg, a strabismologist or certified orthoptist) be-
fore undergoing refractive surgery. In some situations, a
moderate or high risk of diplopia is not an absolute con-
traindication for refractive surgery. Many patients may
elect to undergo refractive surgery and treat diplopia, if
it occurs, with strabismus surgery. In this case, we rec-
ommend that the strabismus surgery be performed after
the refractive surgery. It is important to note that this op-
tion will not be successful for patients in whom the dip-
lopia is caused by iatrogenic aniseikonia or if it results
from monovision.

Because this series was compiled from the prac-
tices of 2 strabismologists, we do not have a basis for es-
timating an incidence figure for diplopia after refractive
surgery. Given the large number of refractive surgical pro-
cedures that are performed, we assume that this compli-
cation occurs infrequently. Nevertheless, any practical
measures that can be taken to minimize the risk of this
complication are useful. We have attempted to outline
the most common causes of diplopia after refractive sur-
gery and have provided guidelines for screening pa-
tients to assess risk. We realize that many of these guide-
lines are arbitrary and cannot be supported by firm data
at this time. Because of the relatively uncommon occur-
rence of this complication, it is unlikely that studies in
the near future will be able to statistically support rec-
ommendations for the prevention of this problem. In the
meantime, we feel that these guidelines, which are based
on our combined experience in treating patients with stra-
bismus, seem reasonable. Although our guidelines may
not identify every at-risk patient, they are useful tools to
minimize postoperative diplopia.
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