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Introduction

Refractive surgery is a procedure commonly used to correct 
myopia, hypermetropia, astigmatism, and anisometropia. Re-
fractive surgery in strabismus patients is a special subject 
that continues to be studied (1-3). It has been reported in 
the literature that strabismus and diplopia can also occur 
de novo after different refractive procedures performed in 
ametropic patients (4, 5). This has led ophthalmologists to 

perform preoperative orthoptic examinations to identify pa-
tients at risk (6). In myopic and hypermetropic patients with 
accommodative strabismus, refractive surgical applications 
have the potential to heal ocular misalignment by correct-
ing refractive errors (7). There are case series with different 
results for nonaccommodative and partially accommodative 
deviations (8-10). It is well known that it is very important to 
inform the patient about how the deviation will change after 
refractive surgery. 

Objectives: The aim of this study was to evaluate the postoperative change in the angle of deviation in patients with 
partially accommodative esotropia or exotropia who underwent keratorefractive surgery.
Methods: The records of patients with partially accommodative esotropia or exotropia who underwent keratorefrac-
tive surgery (small incision lenticule extraction [SMILE], laser in situ keratomileusis [LASIK]) at Beyoglu Eye Training and 
Research Hospital between January 2017 and June 2017 were retrospectively reviewed. Preoperative and postoperative 
third month uncorrected and best corrected visual acuity, the angle of deviation in prism diopters, and titmus stereoacuity 
measurements were compared. Any preoperative strabismus surgery was also recorded.
Results: A total of 19 eyes of 11 patients with partially accommodative esodeviation or exodeviation who underwent 
keratorefractive surgery between January 2017 and June 2017 were included in the study. Eight patients had bilateral 
surgery and 3 patients had unilateral surgery. The mean age of the patients was 24.9±5.78 years. Eight patients (72%) were 
men and 3 (28%) were women. Four patients had esotropia (36%), 5 had exotropia (45%) and 2 (18%) had exophoria. Five 
patients (45%) underwent a SMILE procedure and 6 patients underwent femtosecond LASIK surgery. No complications 
occurred preoperatively or postoperatively. One patient (0.9%) had a history of strabismus surgery before the keratore-
fractive procedure. No significant difference was detected in the ocular alignment and angle of deviation before and after 
keratorefractive surgery at postoperative third month.
Conclusion: Refractive surgery seems to be ineffective at providing orthophoria for patients with partially accommoda-
tive esodeviation or exodeviation.
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The objective of this study was to evaluate changes in 
preoperative manifest and latent ocular misalignments fol-
lowing keratorefractive surgery in patients with esodevia-
tions or exodeviations.

Methods

The files of patients who had been treated by the Univer-
sity of Health Sciences Prof. Dr. Reşat Nuri Belger Beyoglu 
Eye Training and Research Hospital strabismus and refrac-
tion departments and who had undergone corneal refractive 
surgery between January 2017 and June 2017 were evaluat-
ed retrospectively. The study adhered to the tenets of the 
Declaration of Helsinki. Detailed anamnesis of our patients, 
including family history was taken in terms of strabismus. A 
fundus examination, detailed ophthalmological examination, 
and orthoptic examination were routinely performed. Pre-
operative and postoperative third-month corrected and un-
corrected visual acuity, manifest refraction spherical equiva-
lents, orthoptic examinations with deviation values in prism 
diopter (PD), stereoacuity, and diplopia examination findings 
were recorded. Any complications occurring during refrac-
tive surgery and any history of preoperative strabismus sur-
gery were recorded. Visual acuity was measured using a Snel-
len chart projector and recorded in decimals. Uncorrected 
and corrected best visual acuity was recorded for distance (6 
m) and near (33 cm) vision. Cycloplegic refraction with 1% 
cyclopentate was evaluated in each patient. Ocular misalign-
ment examinations were performed for distance (6 m) and 
near (33 cm) vision, and for 9 diagnostic positions using the 
prism cover test. Alignment deviation values were evaluat-
ed both with and without refractive correction. During the 
stereoacuity evaluation, a titmus stereoacuity test was used 
after correction of refractive errors with contact lenses or 
glasses. The dominant eye was identified for each patient. 
Inclusion criteria for the study were 1) age greater than 20 
years, 2) no ocular/systemic disease, 3) normal topographical 
findings with regular retinoscopic reflexes, 4) central corneal 
thickness >500 µm, 4) stable refraction for the last 2 years, 
5) latent hypermetropia (if any) <2 D, 6) registered near and 
distance deviation in PD. Informed consent was obtained 
from all of the patients for refractive surgery procedures. 
In cases of bilateral refractive surgery, the procedure was 
performed on both eyes on the same day with a goal of 
emmetropia. Corneal refractive surgery was performed un-
der bupivacaine topical anesthesia. The devices used were 
a Schwind Amaris 750 laser (Schwind eye-tech-solutions 
GmbH & Co. KG, Kleinostheim, Germany) and VisuMax la-
ser (Carl Zeiss Meditec AG, Jena, Germany). Topical fluo-
rometholone, topical moxifloxacin, and artificial tears were 
prescribed for 10 days after the operation. All statistical anal-
yses were performed using SPSS version 20 (SPSS Inc, Chi-

cago, IL, USA). The mean values were standardized to within 
1.0 standard deviation for all determined values. Statistically 
significant differences were determined using a paired t-test. 
Values were considered statistically significant if p was less 
than 0.05. Since there was a small number of cases with exo-
phoria, statistical analyses of these patients were performed 
together with exotropia patients. 

Results

Refractive surgery was performed on 19 eyes of 11 patients. 
Eight patients underwent bilateral surgery and 3 patients un-
derwent unilateral refractive surgery. The mean age of the 
patients was 24.90±5.78 years. Of the group, 8 (72%) were 
male and 3 (28%) were female. The etiology of strabismus 
was esotropia (ET) in 4 (36%), exotropia (XT) in 5 (45%), 
and exophoria (XF) in 2 patients (18%). Small incision lenti-
cule extraction (SMILE) was performed on 5 patients (45%) 
and femtosecond-assisted laser in situ keratomileusis (fem-
to-LASIK) on 6 patients (55%). One patient (0.9%) had a his-
tory of strabismus surgery before the refractive procedure. 
Detailed demographic features of the patients are presented 
in Table 1. 

The mean manifest refraction spherical equivalence was 
3.29±2 D preoperatively and 0.37±0.75 D postoperatively 
in esotropic eyes (n=8). In exotropic eyes, the preoperative 
mean manifest refraction spherical equivalent was -2.98±4.74 
D and -0.57±1.42 D postoperatively (n=10) In eyes with ex-
ophoria, (n=4) the mean manifest spherical equivalent was 
-3.53±0.79 D preoperatively and -0.28±0.35 D postopera-
tively. Four patients (2 patients with ET, 1 patient with XT, 
1 patient with XF) had successful outcomes with <10 PD 
angle of deviation in both distance and near vision after the 
refractive surgery procedure. 

The distance and near vision testing values and the pre-
operative and postoperative deviation measurements are 
shown in Table 1. There were no statistically significant dif-
ferences between groups in terms of preoperative and post-
operative values (Table 2) There were no significant changes 
in the preoperative and postoperative titmus stereoacuity 
test results in our patients, and no patients complained of 
diplopia in the postoperative period (Table 1).

Discussion

In 1983, Trokel et al. (11) presented excimer laser corneal 
refractive surgery for the first time and corneal refractive 
surgery became increasingly popular in the treatment of re-
fractive errors. Patients with strabismus have a much more 
specific status as candidates for refractive surgery as the cor-
rection of the refractive error and removal of the prismatic 
effect of glasses on ocular alignment can have unpredictable 
effects on deviation values. Previous studies revealed that 
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a. Preoperative

 Patient Gender Age Previous Misalignment  BCVA (Snellen) Refractive  MRSE  (Diopter) Stereoacuity

 No   strabismus values (PD) Right  Left surgery Right  Left 

                      surgery (+glasses) 

 1 M 39 NO N 14 ET 20/20  14/20 Bilateral 0.5  4.63 TITMUS -
     D 10 ET    
 2 M 21 NO N 30 ET 18/20  18/20 Bilateral 4.25  5.5 TITMUS +
     D 30 ET    
 3 M 21 NO N 12 ET 18/20  12/20 Unilateral 3.63  4.63 TITMUS +
     D 6 ET    
 4 M 21 YES N 18 ET 20/20  20/20 Bilateral 3.25  3.25 TITMUS +
     D 14 ET    
 5 M 21 NO N 30 XT 18/20  18/20 Bilateral -4.5  -4.25 TITMUS +
     D 40 XT    
 6 M 22 NO N 4 XT 18/20  18/20 Bilateral -8.75  -5.5 TITMUS +
     D 35 XT    
 7 F 26 NO N 10 XT 20/20  20/20 Bilateral -7.5  -7 TITMUS +
     D 18 XT    
 8 M 20 NO N 30 XT 14/20  10/20 Bilateral -0.25  0.13 TITMUS +
     D 25 XT    
 9 M 23 NO N 6 XT 20/20  4/20 Bilateral 1,5  6.25 TITMUS -
     D 14 XT    
 10 F 29 NO N 16 XF 20/20  16/20 Bilateral -2.62  -4.5 TITMUS +
     D 14 XF    
 11 F 31 NO N 6 XF 18/20  16/20 Unilateral -3.75  -3.25 TITMUS +
     D 8 XF

b. Postoperative third month

  UCVA (Snellen chart)   MRSE  Misalignment values  (PD) Stereoacuity

 Right  Left Right  Left     

 20/20   12/20 1.25  1 N 10 ET TITMUS -  
       D 6 ET  
 18/20  18/20 0.75  1 N 25 ET TITMUS +
       D20 ET  
 18/20   12/20 1.38  0.38 N 0 TITMUS +  
       D 0  
 20/20  20/20 -1  0 N 14 ET TITMUS +
       D 10 ET  
 18/20  18/20 -0.12  -0.12 N 20 XT TITMUS +  
       D 30 XT  
 16/20  16/20 -2.75  -1.75 N 0 TITMUS +
       D 30 XT  
 20/20  20/20 -1.75  -1.5 N 14 XT TITMUS +
       D 20 XT  
 14/20   10/20 -0.75  0 N 45 XT TITMUS +
       D 50 XT  
 20/20   4/20 2  1 N 4 XT TITMUS -
       D 10 XT  
 20/20  16/20 -0.37  0.25 N 16 XF TITMUS +
       D 12 XF  
 18/20  16/20 -0.5  -0.5 N 4 XF TITMUS +
       D 4 XF  

 BCVA: best corrected visual acuity; D: distance; ET: esotropia; EXT: exotropia; F: female; M: male; MRSE: manifest refraction spherical  equivalent; N: near; PD: 
prism diopter; UCVA: uncorrected visual acuity; XF: exophoria.

Table 1. Demographic and clinical features of the patients (esotropia, exotropia, exophoria)
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in particular, patients with accommodative esotropia benefit 
from refractive surgery, and it becomes possible to elimi-
nate both refractive errors and misalignments at the same 
time in this group of patients. High hypermetropia can lead 
to increased convergence, and greater convergence can lead 
to esotropia, even though the fusional divergence amplitude 
is acceptable. The underlying reason for this cascade is hy-
permetropia. Correction of hypermetropia with refractive 
surgery disrupts this sequence and results in orthophoria 
or microesotropia (12). In our study, there were no patients 
with fully accommodative esotropia. All were classified as 
partially accommodative esotropia.

There are quite a number of case series in the literature 
related to these groups of patients. Hutchinson et al. (13) 
studied 40 patients with a preoperative deviation value of 
18.6 PD (distance-near) esotropia who underwent photore-
fractive keratectomy surgery, and they reported orthophoria 
after a mean follow-up of 3.4 years. Hoyos et al. (12) reported 
outcomes of LASIK surgery used to treat refractive accom-
modative esotropia in 9 adults ranging in age from 18 to 38 
years. Postoperatively, all of the patients were orthophoric 
without optical correction or maintained their eyeglasses-cor-
rected pre-operative microesotropia. Shi et al. (14) performed 
LASEK and LASIK surgeries on 26 eyes of 13 patients with 
accommodative esotropia and amblyopia and reported that 
the preoperative 37.92±9.12 PD of deviation regressed to 
2.76±2.8 PD after 6 months of postoperative follow-up. Sa-
betti et al. (15) observed that after excimer laser surgery, re-
fractive errors substantially decreased accompanying the im-
provement in misalignment in 18 patients at the second year; 
however, this decrease was not statistically significant. 

Studies in patients with partially accommodative or non-
accommodative esotropia have noted that there is usually a 
decrease in the degree of misalignment after refractive sur-
gery, but not as dramatic as that seen in the accommoda-
tive group. Polat et al. (8) reported a decrease in deviation 
values in 5 patients with partially accommodative esotropia 
after LASIK surgery. Nemet et al. (2) also reported a slight 
decrease in the misalignment of eyes with partially accommo-
dative esotropia and exotropia after a LASIK procedure.There 
are also studies with less encouraging results. Godts et al. (16) 
found no change in misalignment values in 42% of a groupu of 
14 patients with partially accommodative or nonaccommoda-
tive esotropia who underwent LASIK surgery. In our study, 
we found a decrease in the misalignment for both near and 
distance after corneal refractive surgery in our patient group 
with esotropia, but this decrease was not statistically signifi-
cant (p=0.097, p=0.164, respectively) Furthermore there was 
no statistically significant difference in patients with exotropia 
or exophoria after refractive surgery (p=0.706, p=0.837, re-
spectively). The postoperative distance and near deviation of 
1 patient in the exotropia group increased.

In the literature, among these patients, those who are 
myopic with anisometropia benefit most from this procedure 
(2, 16). Alio et al. (17) and Singh (18) reported that excimer 
laser surgery can be valuable for pediatric amblyopic patients 
because of the positive effects on the prognosis of amblyo-
pia. In our study, 1 patient in the exotropia group had bilat-
eral myopia and anisometropia, and another patient in the 
same group had bilateral hypermetropia and anisometropia. 
Both of these patients had substantially decreased deviation 
values postoperatively. If corneal refractive surgery is consid-
ered in patients with misalignment, it is important to expect 
the patient to stabilize for accommodative and refractive as-
pects. In our clinical practice, we perform refractive surgery 
on patients aged 21 years or older and the average age of the 
patients included in our study was 24 years. However, there 
are also pediatric studies in the literature. For example, in a 
study of 30 eyes of 15 patients with a mean age of 13.9 years, 
patients with high hypermetropia and partially or complete 
accommodative esotropia underwent LASIK surgery. Seven 
patients developed inadequate correction and diplopia, but 
despite this, all of the patients were reported to have contin-
ued orthophoria at the postoperative 15th month (9). 

Accurate evaluation of stereopsis is helpful in assess-
ing the effects of treatment. Some authors have reported 
a change in stereopsis before and after surgery (19-21). In 
our study, no patient with preoperative stereopsis (titmus 
fly test) lost stereopsis postoperatively. 

Another problem of refractive surgeries performed on 
strabismic patients is postoperative diplopia. This condition 
can be due to deterioration of binocularity after refractive 

a. Patients with esotropia

 Esotropia (ET) Preop ET Postop 3d p (n=4)

 (p=4)  Month ET (paired t-test)

 DISTANCE (PD) 15±9.73  12±7.78  0.164

 NEAR (PD) 18.5±7.46 14.2±9.57 0.097

b. Patients with exotropia and exophoria 

 Exophoria Preop XT Postop 3rd p (n=7)

 (n=2)/Exotropia  month XT (paired t-test)

 (n=5) (XT)

 (n=7)

DISTANCE (PD)  11±3.46  11±5.77 0.706

NEAR (PD) 8±4.61 10±6.92 0.837

ET: esotropia; Preop: preoperative; Postop: postoperative;

XT: exotropia+exophoria.

Table 2. Preoperative and postoperative misalignment values
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surgery, myopic hypercorrection, residual hypermetropia, 
and visual instability as a result of change in dominance (22). 
In our study, no diplopia developed in any of the patients. 
Only 2 patients had unilateral refractive surgery and they had 
successful outcomes with <10 PD angle of deviation postop-
eratively. It should be emphasized that any refractive surgery 
on a single eye can cause a disparity between the 2 eyes 
and may result in impairment of fusion, leading to strabismus 
(23). Our patients who underwent unilateral surgery had no 
problems postoperatively. 

The limitations of our study are the number of patients 
and the length of follow-up. Further studies with larger pa-
tient groups and longer follow-up will give more precise re-
sults.

In conclusion, we found that keratorefractive surgery 
alone is not effective to provide orthophoria for patients 
with partially accommodative esotropia or exotropia. A de-
tailed preoperative orthoptic examination should be per-
formed and the patient should be informed about the pos-
sibility of misalignment after refractive surgery to prevent 
unrealistic expectations.
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