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Purpose: To evaluate the effectiveness of prisms in treating binocular diplopia in patients with retinal pathologies and to evaluate
factors associated with treatment success.

Methods: A retrospective chart review was conducted on patients >18 years with binocular diplopia and retinal pathology presenting
between 2012-2022. Patients prescribed prisms with >1 follow-up were included. Subjective prism prescriptions were compared to
measured deviations. Associations between treatment success and clinical factors were analyzed.

Results: Seventy patients (mean age 73.5 + 8.6 years) were included, most with epiretinal membranes (54.3%) or prior retinal
detachment (14.3%). Diplopia was eliminated in 65.7% of patients with prisms, though 43.5% of these patients required at least 1
prism change. For horizontal deviations, prescribed prisms were lower than measured deviations at both distance (Mean = 3.39 + 4.23
PD vs. 5.33 £ 6.03 PD, p <0.001) and near (Mean =1.99 + 2.35 PD vs. 4.30 = 6.05 PD, p =0.005). Vertical prism prescriptions were
similar to measured deviations at distance (Mean = 2.34 £2.96 PD vs. 2.04 + 2.37 PD, p =0.128), but higher at near (Mean = 1.99 +
2.35 PD vs. 1.26 + 2.47 PD, p =0.006). No significant associations were found between treatment success and type of retinal
pathology, visual acuity, age, or prism type (Fresnel or ground-in) (all p > 0.05).

Conclusion: Prisms effectively eliminated diplopia in most patients, though adjustments were frequently necessary. Discrepancies
between measured and subjectively preferred prism magnitudes highlight the importance of careful, individualized prism trials.
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Introduction

Patients with retinal pathologies, including epiretinal membrane, macular hole, and macular edema, may develop
diplopia and/or strabismus that is related or unrelated to their underlying retinal condition. Evaluating this patient
population can pose a challenge due to decreased visual acuity and visual distortion, decreased fusional amplitudes, and
monocular diplopia. These factors can also make treating patients with retinal pathology and diplopia challenging.

Diplopia in patients with macular pathologies can stem from binocular misregistration where the distorted image from
the affected eye competes with the fellow eye’s image resulting in central-peripheral rivalry-type (CPR-type) diplopia.'
Previous studies have highlighted that CPR-type diplopia occurs in 16% of patients with epiretinal membranes (ERM),
and have identified retinal misregistration as the primary mechanism of diplopia in patients with ERMs."* There is data
to support that surgical intervention to remove ERMs not only improved diplopia for patients, but also improved retinal
misregistration.® Further research, however, has not explored the success of surgical intervention for alleviating diplopia
in other retinal pathologies.

Apart from surgical intervention, prisms are a noninvasive option commonly used for treatment of symptomatic
binocular diplopia. The research on prism use for alleviating binocular diplopia in patients with retinal pathologies,
however, has been limited and yielded variable effectiveness.* ” One discrepancy in previous studies has been a lack of
use of both objective clinical data and subjective participant feedback to make conclusions about treatment effectiveness.
One study in particular tested the success of incorporated and loose prisms, Bangerter filters, translucent tape, iseikonic
manipulation, Fresnel prisms, and ERM peeling for patients with CPR-type diplopia who had retinal disease and found
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the most success with Fresnel prisms in these patients based on a subjective questionnaire following treatment.® With the
unique considerations that must be made to tailor treatment for patients with retinal pathologies, using both measured and
subjective types of data to assess treatment success may be pertinent.

We conducted a retrospective review of patients with binocular diplopia and retinal pathologies to evaluate the
success of prisms in treating diplopia in patients with retinal pathology and to assess for variables associated with
increased likelihood for treatment success. Subjective data on patient-reported diplopia, the amount of prism prescribed
based on patient preference, and the amount of prism necessary to eliminate diplopia were collected and compared to
objective data on the magnitude of strabismus measured in clinic, which to our knowledge, has not been assessed in prior
studies.

Methods

The study received institutional review board approval by the University of Miami Institutional Review Board and
adhered to the tenets of the Declaration of Helsinki. A retrospective chart review was conducted for patients who
presented to Bascom Palmer Eye Institute between 1/1/2012 and 12/31/2022. Patients were included if they were 18
years or older, had binocular diplopia, and had a history of unilateral retinal pathology including macular hole, epiretinal
membrane, macular edema, or prior retinal detachment. Patients with a history of retinal detachment were only included
if the macula was involved or if they had other macular pathology. Patients who were prescribed prisms and had at least 1
follow up visit after they were prescribed were included. Patients were excluded if they had no retinal pathology, bilateral
retinal pathology, inability to provide reliable subjective data regarding diplopia symptoms, inability to undergo
sensorimotor testing by cover/alternate cover due to poor vision, a neurological condition that could otherwise explain
their diplopia, prior strabismus surgery, diplopia presumed to be secondary to a scleral buckle (i.e. underlying mechanical
or restrictive cause), or were prescribed a Fresnel prism at an angle due to the variability of quantifying how much prism
they were receiving at the horizontal and vertical axes.

Ocular alignment was assessed using standard sensorimotor examination techniques. Objective measurement of
strabismus was performed using cover—uncover and alternate cover testing at both distance and near fixation, with
prism neutralization to quantify the magnitude of deviation in prism diopters (PD). Measurements in primary gaze were
used for this study. Diplopia was assessed subjectively through patient report during testing, including identification of
diplopia presence and direction. The amount of prism required to eliminate diplopia was determined using prism trial in
free space or in a trial frame, with adjustments made based on patient feedback until single binocular vision was
achieved.

Continuous variables were compared using two-tailed paired t-tests when assessing differences between measured
deviations and prescribed prism values within the same patients, and independent t-tests when comparing continuous
variables between independent groups (e.g., patients with versus without diplopia resolution). Categorical variables, such
as type of prism used or retinal pathology type, were compared using two-tailed chi-square tests. Effect sizes were
calculated as Cohen’s d for t-tests and Cramer’s V for chi-square analyses. Statistical significance was defined at p <0.05.
All analyses were completed in SPSS (IBM Corp., Chicago, Illinois, 2021).

Results

A total of 70 patients (51.4% male) with a mean age of 73.5 £ 8.6 years met the inclusion criteria. The retinal pathologies
of the patients are summarized in Table 1. The most common pathologies were epiretinal membrane (54.3%) and prior
retinal detachment (14.3%). Patients with multiple retinal pathologies comprised 17.1% of the cohort. The median
baseline visual acuity of the eyes affected by the retinal pathology was .18 LogMAR (20/30 Snellen equivalent), [range:

Table | Retinal Pathologies Among Study Participants

Macular Pathology | Macular Hole | ERM Macular Edema | Post-RD Other Multiple Pathologies

n (%) 6 (8.6%) 38 (54.3%) | 2 (2.9%) 10 (14.3%) | 2 (2.9%) | 12 (17.1%)
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0 to 1.6 logMAR (20/20 to 20/800 Snellen equivalent)]. Monocular distortion was reported in 30.0% of patients. Most
patients (44.3%) had combined vertical and horizontal strabismus, whereas 37.1% had only horizontal strabismus and
18.6% had only vertical strabismus. Further details regarding the specific types of deviations are summarized in Table 2.

All patients (n = 70) were prescribed prisms, of which 16 (22.9%) received a Fresnel prism. 26 patients (37.1%) had
resolution of diplopia at the first follow-up with the initial prism prescription. Nearly two-thirds (65.7%, n= 46/70) had
their diplopia eliminated with any prism prescription, with 43.5% (n= 20/46) of those who had diplopia eliminated
requiring at least 1 prism prescription change. The number of prescription changes necessary to alleviate diplopia in
patients whose initial prescription did not work ranged from 1-4 with an average of 1.4. Only one patient included in the
study underwent subsequent strabismus surgery and did not require post-operative prisms as diplopia was eliminated.
The remainder of the patients (34.3%) were not able to achieve resolution of diplopia with any prism prescription.

The discrepancy between the measured deviation in primary gaze and the amount of prism prescribed based on
subjective patient feedback was assessed using paired t-tests, and the distribution of these differences for horizontal and
vertical deviations at both distance and near is shown in Figures la—d. For patients with combined horizontal and vertical
strabismus, the magnitude of the horizontal and vertical deviation was recorded and combined with those who had
horizontal-only and vertical-only deviations for this part of the data analysis (n = 57 horizontal deviations, n = 44 vertical
deviations). For vertical deviations at distance, no significant difference was found between the measured deviation
(Mean = 2.34 + 2.96 PD) and the prescribed vertical prism (Mean = 2.04 + 2.37 PD) (paired ¢-test, p =0.128, Cohen’s d =
0.11). At near, patients required significantly more vertical prism prescribed (Mean = 1.99 + 2.35 PD) than what was
measured in primary gaze (Mean = 1.26 + 2.47 PD) (paired #-test, p =0.006, Cohen’s d = 0.30). For horizontal deviations
at distance, however, patients required significantly less prism prescribed (Mean = 3.39 + 4.23 PD) than the deviation
measured in primary gaze (Mean = 5.33 + 6.03 PD) (paired ¢-test, p <0.001, Cohen’s d = 0.37). A similar trend was found
for horizontal deviations at near with the amount of prescribed prism being significantly lower than the measured
deviation (1.99 + 2.35 PD vs. 4.30 £ 6.05 PD) (paired #-test, p =0.005, Cohen’s d = 0.49). No consistent pattern in these
differences was identified based on the type of strabismus (vertical-only, horizontal-only, or combined horizontal and
vertical deviations).

Multiple factors were evaluated to assess for an association with the ability to have diplopia eliminated at follow-up
with prism glasses. The type of retinal pathology (chi-square test, p =0.055), baseline visual acuity (independent r-test,
p =0.280, Cohen’s d = 0.18), age at presentation (independent #-test, p =0.567, Cohen’s d = 0.10), or type of prism
prescribed (Fresnel or ground-in) (chi-square test, p =0.771) did not significantly impact the success of diplopia
elimination with prisms. There was also no significant difference by type of strabismus (esotropia, exotropia, vertical
deviation only, esotropia + vertical deviation, and exotropia + vertical deviation) in the ability of prisms to eliminate
diplopia (chi-square test, p =0.095). Patients with esotropia or exotropia alone had similar prism success compared to
those with combined horizontal and vertical deviations (chi-square test, p =0.661), as did patients with vertical deviations
alone (chi-square test, p =0.180) when compared to patients with combined deviations. There was also no association
between retinal pathology type and the type of deviation at presentation (chi-square test, p =0.747). Observed effect sizes
for these analyses were small.

Table 2 Characteristics of Strabismus Among Study Participants (N = 70)

Strabismus Type n (%) Subtype, n (%)

Horizontal Strabismus Alone 26 (37.1%) | Esotropia: 15 (21.4%)
Exotropia: || (15.7%)

Vertical Strabismus Alone 13 (18.6%) | Right Hypertropia/Left Hypotropia: 8 (11.4%)
Left Hypertropia/Right Hypotropia: 5 (7.1%)

Combined Horizontal and Vertical Strabismus | 31 (44.3%) | Esotropia + Vertical Deviation: 12 (17.1%)
Exotropia + Vertical Deviation: 19 (27.1%)

Abbreviations: CPR-type, central-peripheral rivalry-type; ERM, epiretinal membrane.
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Figure | (a) The difference of measured deviation and prescribed prism in patients with horizontal deviations at distance, range: [-4, 21]. (b) The difference of measured
deviation and prescribed prism in patients with horizontal deviations at near, range: [-12, 14]. (c) The difference of measured deviation and prescribed prism in patients with
vertical deviations at distance, range: [-8, 7]. (d) The difference of measured deviation and prescribed prism in patients with vertical deviations at near, range: [-5, I].

Discussion

In this retrospective review evaluating patients with retinal pathology and diplopia who were prescribed prisms, the
majority (65.7%) had elimination of diplopia with prism glasses. The findings of this study apply to a range of retinal
pathologies associated with diplopia, including epiretinal membrane, macular hole, macular edema, and macula-
involving retinal detachment, although some pathologies were more represented in this cohort compared to others.
The type of retinal pathology, type of strabismus (horizontal vs. vertical vs. combined), baseline visual acuity, and age
were not associated with the ability to eliminate diplopia with prisms. While the literature assessing the role of prisms in
this patient population has had variable results, with success rates ranging from 9% to 57%, this outcome yields a more
promising role for prisms as a treatment option for these patients.*®

Despite the majority of patients achieving diplopia resolution with prism correction, approximately one-third of
patients did not experience symptomatic improvement. Several factors may account for treatment failure in this
population. Structural alterations of the macula, including distortion of the foveal architecture, may result in retinal
misregistration that cannot be fully corrected with prisms alone. Additionally, prolonged duration of disease or macular
pathology causing distortion/blurred vision may lead to reduced fusional capacity, limiting the ability to achieve stable
binocular single vision even with appropriate prism correction.

Although approximately two-thirds of patients reported diplopia elimination with prisms, many required a change to
their prism prescription, with some requiring multiple changes, before reporting diplopia elimination. While the reason
for this has not yet been delineated, Bixenmen’s study also reported that patients with retinal pathologies reported an
improvement in their diplopia when placed in spectacles containing the appropriately measured prism strength, but later
reported that the superimposition of the two images was transient with longer prism use.® Their study, however, did not
include data on prism success after making prescription changes for patient preference. This finding highlights that
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prescribing prisms for patients with retinal pathology can be a matter of trial-and-error, which emphasizes the importance
of prism trial in a trial frame and consideration of a more prolonged simulation with patients performing their typical
activities of daily living, such as reading and walking around, in the clinic before being given a final prescription.
Patients can also be given the option to trial a Fresnel prism before commitment to a ground-in prescription, as
prescription changes may be expected in this population. With this in mind, patient expectations should be appropriately
set with proper counseling that they may require multiple prescription trials to alleviate their diplopia.

For horizontal deviations at distance and near, patients tended to report diplopia resolution with prism strengths lower
than the measured deviation, while for vertical deviations at near, they required stronger prism than objectively indicated.
These findings suggest that patients’ subjective responses during in-office prism testing often did not align with the
magnitude of their measured deviations. We suspect that the difference in prescribed and measured horizontal prisms is
likely related to horizontal fusional amplitudes, which are variable but generally larger for convergence compared to
divergence.’ In contrast, vertical fusional amplitudes are limited and typically less than horizontal amplitudes. There may
be several factors that contribute to patients subjectively requiring a different amount of prism to eliminate diplopia then
what is objectively measured. Patients with retinal pathology may have eccentric fixation, those with poor visual acuity
may have poor fixation during cover testing, and there may be anomalous retinal correspondence.'® Depending on the
degree of foveal misalignment and the length of time that patients have had their retinal pathologies, those with
anomalous retinal correspondence may require less prism to correct their diplopia. Thus, it is important to incorporate
subjective feedback during prism refractions with attention to where patients perceive the second image.

An additional important consideration when interpreting these findings is the optical and physical limitations of prism
correction. In clinical practice, prisms may be less effective than expected due to off-axis viewing through spectacle
lenses, which induces variable prismatic effects according to Prentice’s rule.'' Despite these known limitations, our study
demonstrates a relatively high rate of diplopia resolution in patients with retinal pathology, suggesting that patient’s may
be able to adapt to the inherent limitations of prism glasses over time.

Limited sample size in this study may have interfered with detection of modest associations, such as between
deviation type and ability to eliminate diplopia that may have yielded a trend in a larger dataset. This study had a variety
of retinal pathologies included, but the relative volume of some of the less represented pathologies may limit the ability
to account for other clinical factors, which may also yield an association in a larger sample size. Given the retrospective
nature, there was no standardized assessment of subjective improvement after patients received their prism glasses, but
rather, diplopia elimination was detected based on clinical documentation.

Given the promising results of prism use for diplopia in patients with retinal pathologies in our study, future studies
should aim to prospectively evaluate the relationship between measured deviation and optimal prism correction based on
subjective patient reports using more standardized prescribing protocols and consistent long-term follow-up. Inclusion of
a greater variety of retinal pathologies and larger patient cohorts could help identify predictors of successful prism
adaptation in this population.
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