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Abstract 

Purpose 

To describe 10-week and 12-month outcomes following treatment for divergence insufficiency–

type esotropia in adults. 

Methods 

In this prospective observational study, 110 adults with divergence insufficiency–type esotropia, 

with a distance esodeviation measuring 2Δ to 30Δ and at least 25% larger at distance than near, 

and binocular diplopia present at least “sometimes” at distance, were enrolled at 28 sites when 

initiating new treatment. Surgery, prism, or divergence exercises/therapy were chosen at the 

investigator’s discretion. Diplopia was assessed at enrollment and at 10-week and 12-month 

outcome examinations using a standardized diplopia questionnaire (DQ). Success was defined as 

DQ responses of “rarely” or “never” when looking straight ahead in the distance, with no 

alternative treatment initiated. 

Results 

Of the 110 participants, 32 (29%) were prescribed base-out prism; none had received prior 

treatment for esotropia. Success criteria were met by 22 of 30 at 10 weeks (73%; 95% CI, 54%-

88%) and by 16 of 26 at 12 months (62%; 95% CI, 41%-80%). For the 76 (68%) who underwent 

strabismus surgery (82% of whom had been previously treated with prism), success criteria were 

met by 69 of 74 at 10 weeks (93%; 95% CI, 85%-98%) and by 57 of 72 at 12 months (79%; 95% 

CI, 68%-88%). 

Conclusions 

In this study cohort, both base-out prism as initial therapy and strabismus surgery (usually 

following prism) were successful in treating diplopia for most adults with divergence 



insufficiency–type esotropia when assessed during the first year of follow-up. 



 

Divergence insufficiency–type (DI-type) esotropia is a common form of adult strabismus,1 

accounting for 10% of all cases of new-onset adult strabismus, with an incidence of 6.0 per 

100,000, and a higher incidence in elderly adults in population based-studies.2 DI-type esotropia, 

also known as age-related distance esotropia, is often defined as an acquired comitant esotropia 

where the angle of deviation is greater at distance than at near.2 The etiology of DI-type 

esotropia in adults remains unclear. Hypotheses include age-related degeneration of the orbital 

connective tissues, commonly referred to as “sagging eye syndrome”3 and shortening or 

increased tone of the medial rectus muscles.4,5 

A variety of treatments are commonly used to address DI-type esotropia, including prism 

correction,6-9 divergence exercises/therapy,10 and strabismus surgery.5,11-13 Surgical approaches      

include lateral rectus resections12,14,15 and medial rectus recessions, either in combination or      

singly.5,11,13 Most previous reports of DI-type esotropia in adults are limited by retrospective 

design, non-standardized follow-up schedule, and non-standardized data collection. The current 

study was designed to prospectively describe clinical characteristics of adults with DI-type 

esotropia, the frequency of specific treatments, and 10-week and 12-month treatment outcomes. 

Treatment was not standardized in the present study because one aim was to determine the 

frequency of specific treatments across a large group of eye care providers. 

Subjects and Methods 

This study was supported through a cooperative agreement with the National Eye Institute of the 

National Institutes of Health and was conducted according to the Declaration of Helsinki by the 

Pediatric Eye Disease Investigator Group (PEDIG) at academic and private practice clinical 

sites. The study protocol complied with the US Health Insurance Portability and Accountability 

Act of 1996. Informed consent forms were approved by institutional review boards, and written 



 

consent was obtained from each participant. The study is listed on www.clinicaltrials.gov 

(NCT02510040), and the full study protocol and procedures manual are available on the PEDIG 

website (www.pedig.net). 

Eligibility and Enrollment 

Adults >18 years of age diagnosed with DI-type esotropia were eligible if they had a distance 

esodeviation of 2Δ-30Δ that was at least 25% larger than at near, measured by the prism and 

alternate cover test (PACT), and diplopia at least “sometimes” in the distance. Any coexisting 

vertical deviation had to be less than the distance esodeviation and ≤10∆ by PACT. Additional 

eligibility criteria are in Table 1. 

A standardized diplopia questionnaire (DQ),16 was used to assess diplopia in specific 

gaze positions (reading, distance straight ahead, right, left, up, down, any other) and the 

frequency for each position of gaze (“never,” “rarely,” “sometimes,” “often,” or “always”). For 

eligibility, participants needed to report diplopia on the DQ with a frequency of “sometimes,” 

“often,” or “always” in straight-ahead gaze at distance fixation during the week prior to 

enrollment. At enrollment, all participants were asked to complete the DQ as though they were 

wearing their current refractive correction without prism. Patients who were already wearing 

prism and not experiencing diplopia in prism, could be enrolled for surgical treatment if they 

reported diplopia on the DQ as “sometimes,” “often,” or “always” when not wearing prism for 

straight-ahead gaze at distance fixation. All participants completed the Adult Strabismus (AS-20) 

questionnaire,17 which evaluates health-related quality of life (HRQOL). Medical history was 

extracted from the medical record. 

Participants were only enrolled when a new treatment for their DI-type esotropia was 

being initiated by the investigator (either prism, surgery, or divergence exercises/therapy). 



 

Participants were not eligible if strabismus surgery had been performed prior to enrollment, or, 

for those to be treated with prism or divergence exercises/therapy, if they had received the same 

treatment within the prior year. In contrast, those undergoing surgery were allowed to have 

undergone treatment with prism or divergence exercises/therapy. Choice and specifics of 

treatment (eg, surgical method, dosage, prism magnitude, exercise specifics) were at investigator 

discretion. The treatment cohorts were essentially distinct. One participant was included in both 

prism and surgery cohorts, because the participant was originally enrolled into prism treatment, 

but failed at 10 weeks and was then reenrolled as a participant treated with surgery.  

If treatment changed after enrollment (eg, exercises/therapy to prism, or prism to 

surgery), an early outcome examination was completed. If the change was to surgery (not 

including a reoperation) and the participant still met eligibility criteria, the examination served 

both as outcome examination for the initial treatment (eg, prism or exercises/therapy) and 

enrollment examination for surgical treatment. 

Follow-up Testing Procedures and Data Collection 

Enrolled participants were scheduled to return 10 (± 3) weeks and 12 (± 2) months following 

initiation of their new treatment. For 10-week and 12-month outcome assessments, participants 

were asked to complete DQ in their habitual refractive correction, whether that correction 

included prism. As such, responses at 10-weeks and 12-months for prism group reflected their 

status while wearing prism correction. The only exception to completing the DQ in prism 

correction was the infrequent scenario where those prescribed surgery or exercises/therapy failed 

those treatments and were wearing prism at a follow-up visit. In order to appropriately represent 

specific types of surgical failure, participants who were wearing prism at the 10-week and/or 12-

month outcome examination, but not originally prescribed prism at enrollment, were instructed 



 

to complete the DQ as though not wearing prism. This exception only affected 9 (12%) of 76 

surgery participants who completed 10-week or 12-month outcomes. Changes in treatment type 

or intensity were also documented. 

Primary Outcome Measures 

At each follow-up visit, treatment was classified as successful if the participant indicated on DQ 

diplopia was “rarely” or “never” over the preceding week, when looking straight ahead at a 

distance fixation target. Treatment was classified as “failed” if the participant indicated diplopia 

was present “always,” “often,” or “sometimes” on DQ when looking straight ahead at      

distance fixation.  

Treatment was classified as “failed” if an alternative treatment modality (different from 

enrollment) had been started, with the exception of using temporary therapeutic prism or 

exercises during the immediate postoperative period for surgical patients, prior to 10 weeks. 

Using prism or exercises/therapy beyond 10 weeks from strabismus surgery was considered a 

failure of surgical treatment. For primary analysis of success, changes in prism magnitude for 

participants treated with prism at enrollment, was not considered as failure. 

Determination of success or failure at 12 months was assessed independently of 10-week 

outcomes.  

Secondary Outcome Measures 

We evaluated two prespecified secondary outcomes. The DQ score16 is an established 

quantitative measure of diplopia severity (range 0-100; not diplopic to always diplopic in all 

fields of gaze) and AS-20,17,18 an established quality-of-life measure. The AS-2017,18 has four 

unidimensional scores (Reading Function, General Function, Self-Perception, Interactions), with 

Rasch-scoring used for each domain and rescaling from 0 (worst HRQOL) to 100 (best HRQOL) 



 

using published look-up tables.18,19 

In a post hoc secondary analysis, diplopia status when reading was incorporated into 

success criteria, with secondary success outcome defined as diplopia “rarely” or “never” for 

reading and distance straight ahead. Not all participants reported diplopia with reading at 

enrollment; 42 (38%) never had diplopia in the reading position and 21 (19%) reported rarely 

having diplopia. For these participants, who reported no or rare reading diplopia at enrollment, 

success at distance straight ahead gaze was sufficient for secondary success. 

Statistical Analyses 

For primary and secondary definitions of success, participants who met success criteria were 

tabulated according to treatment modality, for both overall cohort and within subgroups, and 

corresponding exact 95% confidence intervals calculated. The mean, standard deviation, and 

mean change from enrollment to each outcome visit and 95% CI were calculated for DQ scores 

and AS-20 domain scores.  

Subgroups of prism treatment were defined post-hoc, in the following arbitrary 

categories: correcting (≥100% of the esodeviation, measured by PACT at distance), high 

relieving (99% to 60%), and low relieving (<60%). Because this subgroup analysis evaluated 

effectiveness of prescribed prism, failure was also declared if prism strength was increased. 

 Subgroups of surgical treatment were defined a priori as (1) bilateral medial rectus 

muscle recession, (2) bilateral lateral rectus muscle resection, and (3) other. Success rates with 

surgery overall were analyzed by whether prism had been prescribed prior to surgery. 

Results 

Treatment Prescribed at Enrollment and Enrollment Characteristics 

Between September 2015 and December 2017, 110 participants were enrolled at 28 sites. Three 



 

(3%) were prescribed divergence exercises/therapy, 32 (29%) were prescribed base-out prism, 

and 76 (68%) were prescribed surgery. One participant was included in both prism and surgery 

cohorts, because the participant was originally enrolled with prism, but failed prism at 10 weeks 

and was then reenrolled with surgery. Given that few participants received exercises/therapy, the 

results are limited to prism and surgery, although summary results are included in the tables. 

Enrolled participants were primarily white (96%) and female (67%), with a median age 

of 71.2 years (range, 18.8-90.8). Compared with participants who received prism, surgery 

participants were more likely to have received previous treatment; 82% had previous prism 

treatment. Participants treated with surgery reported more severe diplopia in the distance (based 

on DQ score) and larger deviations at enrollment (based on PACT). Additional data on 

demographics, medical history, and clinical characteristics are presented in Tables 2 and 3. 

Outcomes with Prism 

For 32 participants prescribed base-out prism, the primary success criteria at distance were met 

in 22 of 30 at 10 weeks (73%; 95% CI, 54%-88%) and 16 of 26 at 12 months (62%; 95% CI, 

41%-80%). See Table 4. One participant was considered to have failed prism treatment at 12 

months because surgery was prescribed at the 10-week visit. Follow-up was completed by 78% 

of prism participants (Figure 1). For the secondary definition of success including both reading 

gaze and distance straight-ahead gaze, success proportions and 95% CIs were identical to the 

primary definition of success. Regarding prism type, 47% were prescribed ground-in prism, and 

53% press-on Fresnel prism at enrollment. At 10 weeks, 57% originally treated with prism were 

wearing ground-in prism whereas 43% wore Fresnel prism. At 12 months, 72% originally treated 

with prism were wearing ground-in prism whereas 16% wore Fresnel prism, and 12% no prism. 

Mean DQ scores and mean AS-20 general function domain scores improved at 10 weeks 



 

and 12 months (Table 5). 

Treatment success and secondary outcomes by prism type at enrollment (correcting, high 

relieving, or low relieving) are shown in Table 6A and 6B. All three approaches were associated 

with improved DQ scores at 10 weeks and 12 months. AS-20 general function domain scores 

improved from enrollment to 10 weeks. There were no marked differences in DQ scores or AS-

20 domain scores between prism approaches. 

Outcomes with Strabismus Surgery 

For the 76 who underwent strabismus surgery, primary success criterion at distance was met in 

69 of 74 (93%; 95% CI, 85%-98%) at 10 weeks and 57 of 72 (79%; 95% CI, 68%-88%) at 12 

months (Table 4). Follow-up was completed in 71 of 76 patients (93%) who underwent surgery 

(Figure 1). For the secondary definition of success including both reading gaze and distance 

straight-ahead gaze, 67 of 74 (91%; 95% CI, 81%-96%) were successful at 10 weeks and 56 of 

72 (78%; 95% CI, 66%-87%) at 12 months.  

Mean DQ scores and mean AS-20 general function and reading domain scores improved 

at 10 weeks and 12 months. In addition, self-perception and interaction domain scores also 

improved at 10 weeks and 12 months (Table 5). 

Treatment success by the two most frequently performed types of surgery, bilateral 

medial rectus muscle recession and bilateral lateral rectus muscle resection, are given in Table 

7A. The small number of participants who underwent bilateral lateral rectus muscle resections 

precluded formal statistical comparisons. No striking differences in DQ scores or AS-20 domain 

scores existed between two main surgical groups (Table 7B). 

No significant differences between treatment success were found irrespective of 

preoperative prism, but small sample size precludes formal comparison (Table 8).  



 

Discussion  

Within our investigator group, the most common treatments for DI-type esotropia in adults were 

strabismus surgery (68%) and base-out prism glasses (29%). Success rates were acceptable at 12 

months following initiation of treatment; 79% (95% CI, 68%-88%) with surgery and 62% (95% 

CI = 41% to 80%) with prism. We did not compare success rates between surgery and prism 

cohorts,      because none of the prism-treated participants had received prior treatment for DI-

type esotropia, and 82% of surgical participants had previously received prism. 

Other case series have also reported high success rates of prism,6-9 and surgery,5,11,13-15 

for the treatment of DI-type esotropia in adults. Previous studies have not incorporated 

standardized outcome measures along with a prospective study design. Interestingly, two-thirds 

of our participants were female, and this possible predisposition has been reported by others.4,20 

The success rate with prism is predictably high since small angle esodeviations are 

commonly treated with prism, and appropriately prescribed prism should eliminate diplopia. We 

did not standardize the method of prescribing prism, and the amount of prism prescribed ranged 

from low relieving to fully correcting relative to distance esodeviation. Although we did not find 

large differences in treatment success between the three prism approaches, our sample sizes for 

these subgroups were small, limiting comparisons.  

We are unaware of previous studies using HRQOL as an outcome measure for adult DI-

type esotropia. The AS-20 was designed as a patient-reported outcome measure across the 

spectrum of strabismus conditions.17 Because adults with DI-type esotropia most often have 

small to moderate esodeviations, we would not expect subnormal scores on the psychosocial 

domains of self-perception or interactions. Enrollment scores in our study indicated minimal 

impact. In contrast, subnormal scores21 were found in the general function and reading function 



 

domains for more severe, larger-magnitude near deviations. In these functional domains we 

found marked improvement following treatment.  

The most common surgery performed among investigators was bilateral medial rectus 

muscle recessions. One concern regarding this surgical procedure for distance esotropia is that 

the surgery might induce an exodeviation at near, and diplopia at near. Nevertheless, we found 

success by secondary criteria (never or rare diplopia at both distance and near) was almost 

identical to that by the primary definition (never or rare diplopia at distance only). Induced 

symptomatic exodeviation at near was rare in our study as has been reported by others,13 though 

follow-up was limited to 12 months. We had hoped to compare outcomes between different 

surgical procedures (a priori) and between different prism prescribing strategies (post hoc), but 

small subgroups precluded statistical analysis. Additionally, surgical success rates reflect the 

surgical doses chosen by specific investigators. We did not study strategies to improve outcomes 

such as preoperative prism adaptation or increasing surgical dose. 

Regarding whether previous treatment with prism influences subsequent success with 

surgery, we had an insufficient number of participants undergoing surgery without previous 

prism treatment to formally evaluate. It is possible that fully correcting esodeviations with base-

out prism might decrease divergence amplitudes over time and reduce surgical success. 

Alternatively, partially correcting esodeviations, and allowing better motor and sensory fusion, 

might result in increased divergence amplitudes and increase the likelihood surgery would be 

successful. The question of prior prism effect on surgical outcome is worthy of further study.  

Our study has limitations. We did not have untreated controls and cannot comment on the 

natural history of this condition. We also did not randomize treatment allocation. Treatment 

assignment was at investigator discretion, with possible allocation bias. None of the participants 



 

treated with prism had received prior treatment for their esotropia, whereas 82% of participants 

undergoing surgery had previously been treated with prism. Furthermore, participants treated 

with surgery had more severe diplopia at distance fixation and larger esodeviations than those 

treated with prism. Although we had excellent retention for surgery (93% at 12 months), we had 

lower retention for prism (78% at 12 months). It is unclear whether less than optimal follow-up 

created bias, because participants might have sought alternative treatment elsewhere or might 

have been more prone to return with symptoms. In addition, we did not standardize the 

prescription of prism or the type of strabismus surgery; standardized doses of treatment might 

have yielded different results. Long-term Fresnel prism, in a small proportion of participants, 

may have influenced our results, particularly in quality-of-life scores. Finally, when 

dichotomizing a continuous or ordinal measure, such as 5-level DQ responses, there is risk of 

misclassification, reported as up to 20%.22 
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Table 1. Eligibility criteria met by all patients enrolled in the study 
 
1. Age ≥18 years 
2. Adult-onset divergence-type esotropia (at ≥18 years of age) 
3. No prior strabismus surgery 
4. Symptoms of diplopia at distance with a frequency of “sometimes,” “often,” or “always” as measured by the diplopia 

questionnaire 
5. Distance esodeviation of 2Δ to 30Δ and distance deviation 1.25 times (25% larger than) near deviation by prism and alternate 

cover test (PACT) 
6. No more than 5Δ difference between right and left gaze by PACT 
7. No more than 10Δ difference between the primary position at distance and either upgaze or downgaze ≤10Δ by PACT 
8. Any coexisting vertical deviation must be less than distance esodeviation and ≤10Δ by prism and alternating cover test 
9. Visual acuity 20/50 or better in both eyes by ETDRS or Snellen 
10. No paralytic strabismus (eg, 3rd, 4th, or 6th cranial nerve palsies, skew deviation, Duane syndrome) 
11. No restrictive strabismus (eg, blowout fracture, thyroid eye disease, post scleral buckle, Brown syndrome) 
12. No monocular diplopia 
13. No paretic strabismus, thyroid eye disease, myasthenia gravis, chronic progressive external ophthalmoplegia, or eye 

movement abnormalities associated with known neurological disease; patients with Parkinson’s disease enrolled if nonparetic 
deviation 

14. No inferior or superior oblique overaction defined as 2+ or greater 
15. Ability to acquire single vision while viewing a 20/50 single optotype at 6 m, with or without the aid of prism 
16. Ability to understand and complete a survey 
17. Investigator is initiating treatment with prism, divergence exercises/therapy, or surgery 
18. If initiating treatment with botulinum toxin or surgery, planned injection or surgery to be within 60 days of enrollment 
19. Single treatment modality planned (eg, no combined prism and divergence exercises/therapy) 
20. Treatment to be initiated has not been used within past 1 year 
 



Table 2. Baseline characteristics and medical history for all enrolled participants by treatment initiated at enrollmenta 
 

Study parameter Prism  
(n = 32) 

Surgery  
(n = 76) 

Divergence  
exercises/ 

therapy 
(n = 3) 

All participantsb  
(N = 111) 

Female 18 (56) 55 (72) 1 (33) 74 (67) 
Race/ethnicity: white 29 (91) 76 (100) 2 (67) 107 (96) 
Age, years     
18–24 0 (0) 2 (3) 0 (0) 2 (2) 
25–34 1 (3) 1 (1) 0 (0) 2 (2) 
35–44 1 (3) 3 (4) 0 (0) 4 (4) 
45–54 3 

9) 
7 (9) 0 (0) 10 (9) 

55–64 6 (19) 12 (16) 0 (0) 18 (16) 
65–74 11 (34) 31 (41) 2 (67) 44 (40) 
75–84 8 (25) 17 (22) 1 (33) 26 (23) 
85–91 2 (6) 3 (4) 0 (0) 5 (5) 
Mean ± SD 68.0 ± 13.8 67.0 ± 13.9 72.2 ± 6.4 67.4 ± 13.7 
Median (IQR) 69.9 (60.5-77.1) 70.9 (60.7-75.4) 71.9 (66.0-78.8) 71.2 (60.8-75.7) 
Refractive correction worn at enrollment visit 29 (91) 68 (89) 3 (100) 100 (90) 
Prior treatment for strabismusc     
Divergence exercises/therapy 0 (0) 7 (9) 0 (0) 7 (6) 
Prism 0 (0) 62 (82) 1 (33) 63 (57) 
None 32 (100) 13 (17) 2 (67) 47 (42) 
Coexisting neurological conditions      
Stroke  0 (0) 3 (4) 0 (0) 3 (3) 
Intracranial tumor 0 (0) 1 (1) 0 (0) 1 (<1) 
Other conditions     
Epiretinal membrane 0 (0) 1 (1) 1 (33) 2 (2) 
Age-related macular degeneration 1 (3) 2 (3) 0 (0) 3 (3) 
Other macular pathology 1 (3) 1 (1) 0 (0) 2 (2) 
Heart disease 5 (16) 7 (9) 0 (0) 12 (11) 
Diabetes 3 (9) 5 (7) 0 (0) 8 (7) 
Autoimmune disease 1 (3) 1 (1) 0 (0) 2 (2) 
Hypertension 4 (13) 10 (13) 0 (0) 14 (13) 
Cancer of the bladder, breast, or prostate 2 (6) 4 (5) 0 (0) 6 (5) 
Other major medical conditions 5 (16) 17 (22) 0 (0) 22 (20) 

IQR, interquartile range; SD, standard deviation. 

aResults presented as number (%) unless otherwise indicated. 

bOne participant initially treated with prism was reenrolled after surgery was prescribed at the 10-week visit. 
cParticipants may have received more than one type of treatment prior to enrollment. 



 

Table 3. Diplopia and clinical characteristics at enrollment for all enrolled participants according to treatment initiated at enrollmenta 
 

Study parameter Prism 
(n = 32) 

Surgery 
(n = 76) 

Divergence  
exercises/ 

therapy 
(n = 3) 

All participants 
(N = 111) 

Frequency of diplopia at distance during last week     
Always 7 (22) 47 (62) 2 (67) 56 (50) 
Often 11 (34) 22 (29) 0 (0) 33 (30) 
Sometimes 14 (44) 7 (9) 1 (33) 22 (20) 

Frequency of diplopia at near during last week     
Always 1 (3) 14 (18) 0 (0) 15 (14) 
Often 2 (6) 10 (13) 1 (33) 13 (12) 
Sometimes 4 (13) 16 (21) 0 (0) 20 (18) 
Rarely 6 (19) 15 (20) 0 (0) 21 (19) 
Never 19 (59) 21 (28) 2 (67) 42 (38) 

Horizontal deviation at distance by PACT, PD     
1-9 esodeviation 19 (59) 6 (8) 2 (67) 27 (24) 
10-14 esodeviation 8 (25) 29 (38) 1 (33) 38 (34) 
15-18 esodeviation 2 (6) 17 (22) 0 (0) 19 (17) 
20-25 esodeviation 3 (9) 20 (26) 0 (0) 23 (21) 
26-30 esodeviation 0 (0) 4 (5) 0 (0) 4 (4) 
Mean ± SD 9 (6) 17 (6) 8 (6) 14 (7) 
Median (IQR) 8 (4 to 12) 16 (14 to 20) 7 (3 to 14) 14 (10 to 18) 

Horizontal deviation at near by PACT, PD     
1-9 exodeviation 2 (6) 1 (1) 2 (67) 5 (5) 
No deviation (orthophoria)  14 (44) 12 (16) 0 (0) 26 (23) 
1-9 esodeviation 12 (38) 42 (55) 1 (33) 55 (50) 
10-14 esodeviation 4 (13) 15 (20) 0 (0) 19 (17) 
15-18 esodeviation 0 (0) 2 (3) 0 (0) 2 (2) 
20-25 esodeviation 0 (0) 4 (5) 0 (0) 4 (4) 
26-30 esodeviation 0 (0) 0 (0) 0 (0) 0 (0) 
Mean ± SDb 3 (4) 7 (5) 0 (2) 5 (5) 
Median (IQR)b 1 (0 to 6) 6 (2 to 10) −1 (−2 to 2) 5 (0 to 8) 

Prism needed to fuse in free space for distance viewingc     
Horizontal only 23 (79) 61 (85) 1 (33) 85 (82) 
Vertical only 0 (0) 1 (1) 0 (0) 1 (1) 
Both horizontal and vertical 1 (3) 6 (8) 1 (33) 8 (8) 
None 5 (17) 4 (6) 1 (33) 10 (10) 
Diplopia Questionnaire Scored     
Mean ± SD 41 (19) 65 (21) 52 (34) 58 (23) 
Median (IQR) 39 (24 to 58) 60 (49 to 84) 40 (25 to 90) 57 (41-73) 
Adult Strabismus QOL General Function scoree     
Mean ± SD 64 (26) 61 (21) 65 (5) 62 (22) 
Median (IQR) 71 (39 to 84) 60 (47 to 76) 68 (60 to 68) 60 (43 to 76) 

Adult-Strabismus QOL Reading Function scoree     
Mean ± SD 79 (21) 67 (24) 90 (10) 71 (23) 
Median (IQR) 87 (69 to 95) 69 (49 to 89) 89 (79 to 100) 75 (55 to 90) 

Adult-Strabismus QOL Self-perception scoree     
Mean ± SD 92 (17) 85 (20) 93 (12) 87 (19) 
Median (IQR) 100 (93 to 100) 96 (79 to 100) 100 (79 to 100) 96 (82 to 100) 

Adult-Strabismus QOL interaction scoree     
Mean ± SD 95 ± 10  94 ± 12 91 ± 15 94 ± 11 
Median (IQR) 100 (97-100) 100 (90-100) 100 (74-100) 100 (90-100) 

IQR, interquartile range; PACT, prism and alternate cover test; PD, prism diopters; QOL, quality of life; SD, standard deviation. 

aResults presented as number (%) unless otherwise indicated. 
bNegative values indicate that an exodeviation was reported. 
cData not available for 3 treated with prism and 4 treated with surgery. 
dDQ xcores range from 0 to 100, with 0 being best (no diplopia) and 100 being worst (diplopia in all gazes all the time).  
eAS-20 domain scores range from 0 to 100, with 0 being the worst HRQOL and 100 being the best HRQOL. 



 

Table 4. Treatment success  
 

Criteria Treatment initiated at enrollment 

Prism Surgery 

Success in distance straight-ahead gaze (primary outcome)a   
10 weeks 22/30 (73%) 

95% CI, 54% to 88% 
69/74 (93%) 

95% CI, 85% to 98% 
12 monthsb,c 16/26 (62%) 

95% CI, 41% to 80% 
57/72 (79%) 

95% CI, 68% to 88% 
Success at both distance straight-ahead and reading gazea    

10 weeks 22.30 (73%) 
95% CI, 54% to 88% 

67/74 (91%) 
95% CI, 81% to 96% 

12 monthsb,c 16/26 (62%) 
95% CI, 41% to 80% 

56/72 (78%) 
95% CI, 66% to 87% 

CI, confidence interval. 
 
aDefinition of success: report on Diplopia Questionnaire of “rarely” or “never” diplopia over the preceding week and no alternative 
intervention. 
bOne participant who received prism at enrollment met failure criteria at the 12-month examination despite not completing the 12-
month examination because surgery was prescribed at the 10-week examination. 
c Nine participants who received surgery at enrollment met failure criteria at the 12-month examination because additional treatment 
was prescribed at or after the 10-week examination, but prior to the 12-month examination; 8 were prescribed prism glasses, and 1 
received surgery.   



 

Table 5. Secondary clinical outcomes 
 

 Enrollment 10 Weeks 12 Months 

Prism 
(n = 32) 

Surgery 
(n = 76) 

Prism 
N = 30 

Surgerya 
(n = 74) 

Prism 
(n = 25) 

Surgerya 
(n = 63) 

Mean ± SD Mean ± SD Mean ± SD Mean change from  
baseline (95% CI) 

Mean ± SD Mean change from  
baseline (95% CI) 

Mean ± SD Mean change from  
baseline (95% CI) 

Mean ± SD Mean change from  
baseline (95% CI) 

DQ Scoreb 41 ± 19 65 ± 21 12 (23) −29 (−40 to −19)  5 (13) −60 (−66 to −55) 18 (27) −24 (−34 to −14) 4 ± 11 −62 (−68 to −56) 
AS-20 General Functionc 64 ± 26 61 ± 21 83 (16) 19 (10 to 28) 90 (15) 29 (24 to 34) 79 (21) 14 (5 to 23) 92 ± 14 29 (24 to 35) 
AS-20 Reading Functionc 79 ± 21 67 ± 24 82 (23) 3 (−5 to 10) 87 (20) 20 (15 to 24) 84 (18) 7 (−3 to 18) 90 ± 16 22 (16 to 27) 
AS-20 Self-perceptionc 92 ± 17 85 ± 20 91 (13) −1 (−6 to 5) 95 (14) 9 (5 to 12) 94 (11) 3 (−4 to 11) 97 ± 7 11 (6 to 15) 
AS-20 Interactionc 95 ± 10 94 ± 12 95 (10) 0 (−4 to 3) 97 (12) 3 (1 to 5) 98 (5) 2 (−1 to 5) 99 ± 3 5 (3 to 7) 

AS-20, Adult Strabismus-20 questionnaire; CI, confidence interval; DQ, Diplopia Questionnaire; SD, standard deviation. 

aNine participants received additional treatment between the 10-week and 12-month examinations. For these participants, data collected at 10 weeks were included in the table, but 
data collected at 12 months were excluded from the table. 
bDQ scores range from 0 to 100, with 0 being best (no diplopia) and 100 being worst (diplopia in all gazes all the time); improvement is thus reflected as negative change. 
cAS-20 domain scores range from 0 to 100, with 0 being the worst HRQOL and 100 being the best HRQOL; improvement is thus reflected as positive change. 
 



Table 6A. Treatment success by prism strategy Initiated at enrollment  
 

Criteria Type of prism prescribed at enrollmenta 

Correcting High relieving Low relieving 

Success at distanceb, c    
10 weeks 6/9 (67%) 

95% CI, 30% to 93% 
8/12 (67%) 

95% CI, 35% to 90% 
8/9 (89%) 

95% CI = 52% to 100% 
12 months 4/10 (40%) 

95% CI, 12% to 74% 
5/9 (56%) 

95% CI, 21% to 86% 
3/8 (38%) 

95% CI = 9% to 76% 
Success at both distance and readingb    

10 weeks 6/9 (67%) 
95% CI, 30% to 93% 

8/12 (67%) 
95% CI, 35% to 90% 

8/9 (89%) 
95% CI = 52% to 100% 

12 months 4/10 (40%) 
95% CI, 12% to 74% 

5/9 (56%) 
95% CI, 21% to 86% 

3 of 8 (38%) 
95% CI = 9% to 76% 

CI, confidence interval. 

aThe type of prism prescribed at enrollment was defined as percent of the distance deviation measured at enrollment, by prism and 
alternate cover test, corrected with prism: correcting prism (≥100% of distance deviation corrected with prism), high-relieving prism 
(60% to <100%), and low-relieving prism (0% to <60%). 
bDefinition of success:  report on Diplopia Questionnaire of “rarely” or “never” diplopia over the preceding week and no alternative 
intervention. 
cTwo participants in correcting prism and 3 in low-relieving prism met failure criteria at 12 months because prism was increased 
between the 10-week and 12-month examination. One participant in high-relieving prism met failure criteria at 12 months despite not 
completing the 12-month visit because surgery was prescribed at the 10-week examination. 
 



 

Table 6B. Secondary clinical outcomes by type of prism treatment initiated at enrollmenta  
 

Questionnaire Enrollment 10 weeks 12 months 

Correcting 
n = 10 

High  
relieving 
n = 12 

Low  
relieving 
n = 10 

Correcting 
n = 9 

High relieving 
n = 12 

Low relieving 
n = 9 

Correcting 
n = 10 

High relieving 
n = 8 

Low relieving 
n = 7 

DQb 44 ± 22 42 ± 18 38 ± 18 13 ± 25 −30  
(−61 to 0) 

13 ± 22 −28  
(−44 to −13) 

10 ± 26 −30  
(−45 to −15) 

17 ± 26 −27  
(−47 to −6) 

20 ± 31 −21 
(−36 to −7) 

15 ± 26 −24  
(−50 to 2) 

AS-20                
General 
Functionc 

67 ± 30 58 ± 27 68 ± 20 85 ± 18 16  
(−8 to 41) 

83 ± 13 25  
(9 to 41) 

83 ± 20 14  
(4 to 24) 

79 ± 29 11  
(−3 to 26) 

75 ± 11 15 
(−4 to 34) 

84 ± 17 17  
(−9 to 43) 

Reading 
Functionc 

75 ± 25 83 ± 16 80 ± 24 77 ± 24 1  
(−15 to 

17) 

84 ± 21 1  
(−12 to 14) 

84 ± 25 7  
(−7 to 20) 

86 ± 17 10  
(−3 to 24) 

78 ± 23 −5  
(−28 to 18) 

90 ± 12 16  
(−12 to 44) 

Self-Perceptionc 94 ± 12 86 ± 24 97 ± 6 96 ± 9 2  
(−2 to 7) 

84 ± 17 −2  
(−14 to 11) 

95 ± 8 −2  
(−10 to 5) 

94 ± 8 0  
(−8 to 9) 

90 ± 18 7  
(−19 to 32) 

99 ± 2 3  
(−2 to 9) 

Interactionc 94 ± 12 92 ± 12 100 ± 0 97 ± 9 3  
(−3 to 10) 

90 ± 12 −3  
(−11 to 6) 

99 ± 2 0  
(−2 to 1) 

98 ± 7 4  
(−2 to 10) 

96 ± 5 1  
(−6 to 9) 

100 ± 0 0  
(0 to 1) 

CI, confidence interval; HRQOL, health-related quality of life; SD, standard deviation. 

aScoring results shown as either mean ± SD or mean change from baseline (95% CI). 

bDiplopia Questionnaire (DQ) scores range from 0 to 100, with 0 being best (no diplopia) and 100 being worst (diplopia in all gazes all the time); improvement is thus reflected as 
negative change. 
cAdult Strabismus-20 questionnaire domain scores range from 0 to 100, with 0 being the worst HRQOL and 100 being the best HRQOL; improvement is thus reflected as positive 
change. 



 

Table 7A. Treatment success by type of surgery  
 

 Type of surgerya 

Bilateral MR recessions Bilateral LR resections 

Success at distance straight-ahead gazeb   
10 weeks 37/40 (93%) 

95% CI, 80% to 98% 
10/10 (100%) 

95% CI, 69% to 100% 
12 monthsc 31/39 (79%) 

95% CI, 64% to 91% 
9/10 (90%) 

95% CI, 56% to 100% 
Success at both distance straight-ahead and reading gazesb   
10 weeks 35/40 (88%) 

95% CI, 73% to 96% 
10/10 (100%) 

95% CI, 69% to 100% 
12 monthsc 30/39 (77%) 

95% CI, 61% to 89% 
9/10 (90%) 

95% CI, 56% to 100% 

CI, confidence interval; LR, lateral rectus muscle; MR, medial rectus muscle. 

aSuccess by other types of surgery not given because of small sample sizes: single MR recession (7); MR recession, LR resection 
(7); single LR tuck/plication (5); bilateral LR resection with superior transposition (1); bilateral MR recession with superior 
transposition (1); bilateral MR recession, superior rectus muscle nasal pole recession (1); bilateral MR recession, superior rectus 
muscle recession (1); LR tuck/plication, superior rectus muscle recession (1).  
bDefinition of success: report on Diplopia Questionnaire of “rarely” or “never” diplopia over the preceding week and no alternative 
intervention. 
cSix participants enrolled in the surgical cohort (bilateral MR recession) met failure criteria at 12 months because additional 
treatment was prescribed at or after the 10-week examination but prior to the 12-month examination; 5 were prescribed prism 
glasses, and 1 received surgery. 



 

Table 7B. Secondary clinical outcomes by type of surgerya 
 

Questionnaire Enrollment 10 Weeks 12 Months 

Bilateral MR recessions 
(n = 41) 

Bilateral LR resections 
(n = 10) 

Bilateral MR recessions 
(n = 40) 

Bilateral LR resections 
(n = 10) 

Bilateral MR recessionsb 
(n = 34) 

Bilateral LR resections 
(n = 10) 

DQc 67 ± 22 75 ± 19 6 ± 14 −61 (−69 to −52) 1 ± 3 −74 (−87 to −61) 4 ± 12 −62 (−72 to −53) 3 ± 9 −72 (−84 to −60) 
AS-20d           

General Function 60 ± 24 72 ± 16 89 ± 18 28 (20 to 35) 96 ± 7 24 (11 to 37) 93 ± 8 30 (21 to 38) 98 ± 4 26 (15 to 36) 
Reading Function 68 ± 25 68 ± 21 86 ± 23 18 (12 to 24) 85 ± 21 17 (3 to 31) 93 ± 10 20 (13 to 28) 87 ± 24 19 (8 to 30) 
Self-Perception 82 ± 24 85 ± 16 95 ± 16 12 (6 to 18) 95 ± 9 10 (−1 to 21) 97 ± 9 13 (7 to 20) 99 ± 4 14 (3 to 24) 

AS-20d 92 ± 15 94 ± 8 96 ± 15 4 (1 to 7) 97 ± 8 3 (−1 to 7) 99 ± 3 6 (3 to 10) 100 ± 0 6 (1 to 12) 

CI, confidence interval; LR, lateral rectus muscle; MR, medial rectus muscle; SD, standard deviation. 

aScore results shown as either mean ± SD or mean change from baseline (95% CI). 

bSix participants enrolled in the surgical cohort (bilateral MR recession) received additional treatment between the 10-week and 12-month examinations; for these participants, data 
collected at 10 weeks were included in the table, but data collected at 12 months were excluded.  
cDiplopia Questionnaire scores range from 0 to 100, with 0 being best (no diplopia) and 100 being worst (diplopia in all gazes all the time); improvement is thus reflected as 
negative change. 
dAS-20 domain scores range from 0 to 100, with 0 being the worst HRQOL and 100 being the best HRQOL; improvement is thus reflected as positive change. 



Table 8. Treatment success for participants prescribed surgery at enrollment by whether or not prism was prescribed prior to 
enrollment 
 

 Treated with prism prior to 
enrollment 

No prism treatment prior to 
enrollment 

Success at distance straight-ahead gazea   
10 weeks 50/55 (91%) 

95% CI, 80% to 97% 
12/12 (100%) 

95% CI, 74% to 100% 
12 monthsb 40/53 (75%) 

95% CI, 62% to 86% 
10/12 (83%) 

95% CI, 52% to 98% 
Success at both distance straight-ahead and reading gazesa   

10 weeks 49/55 (89%) 
95% CI, 78% to 96% 

11/12 (92%) 
95% CI, 62% to 100% 

12 monthsb 39/53 (74%) 
95% CI, 60% to 85% 

10/12 (83%) 
95% CI, 52% to 98% 

CI, confidence interval. 

aDefinition of success:  report on Diplopia Questionnaire of “rarely” or “never” diplopia over the preceding week and no alternative 
intervention. 
bEight treated with prism prior to enrollment and 1 with no history of prior treatment met failure criteria at 12 months because 
additional treatment was prescribed at or after the 10-week examination but prior to the 12-month examination; 8 were prescribed 
prism glasses, and 1 received surgery. 
 






