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Purpose: To evaluate the effects of selective serotonin reuptake inhibitor (SSRI)/serotonin
norepinephrine reuptake inhibitor (SNRI) medications in combination with cataract surgery
in treating amblyopia in adult patients.

Patients and methods: A retrospective chart review study was conducted on patients who
had undergone cataract surgery at the Johns Hopkins Hospital Wilmer Eye Institute. Six
inclusion criteria were used to assess patient eligibility: 1) >18 years of age, 2) diagnosis of
amblyopia, 3) diagnosis of cataract and treatment with surgery, 4) electronic medical record
contains pre-surgery and post-surgery visual acuity (VA) measurements, 5) electronic med-
ical record contains information on whether the patient was ever prescribed a SSRI/SNRI
and the treatment duration, and 6) interocular VA difference of two lines or more on Snellen
chart prior to cataract surgery. From each record, preoperative VA, postoperative VA, date of
surgery, date at which postoperative VA was measured, and age at surgery were collected.
Results: A total of 237 patients were included, with 38 of them being on SSRI/SNRI. The
mean improvement in VA after surgery was not significantly greater in patients on SSRI/
SNRI (SSRI/SNRI: —0.276 logMAR, control: —0.192 logMAR, p=0.15). Multivariable
regression was subsequently performed and while holding all other variables constant,
demonstrated a statistically significant improvement in VA in patients on SSRI/SNRI (95%
CI: —0.194, —0.0116, p=0.03). The regression analysis further demonstrated that advanced
age has an adverse effect on the change in post-op VA (CI: 3.34x10° logMAR, 9.77x10 >
logMAR, p<0.005). Worse baseline VA is associated with a greater improvement in post-op
VA (95% CI: —0.659 logMAR, —0.463 logMAR, p<0.005) but adverse effect on the absolute
post-op VA (95% CI: 0.341 logMAR, 0.544 logMAR, p<0.005).

Conclusion: This study suggests that patients with amblyopia undergoing cataract surgery
may potentially have a greater visual improvement when treated with SSRI/SNRIs.
Keywords: amblyopia, cataract surgery, selective serotonin reuptake inhibitor (SSRI)/
selective norepinephrine reuptake inhibitor, visual plasticity, dopamine

Introduction

Amblyopia, sometimes referred to as “lazy eye”, is estimated to affect 1-4% of
children and is associated with physiological alterations in the visual cortex
early in life.'** This pathology is caused by abnormal visual experiences due to
binocular misalignment, image degradation, or form deprivation early in life.?
Although some studies performed in the late-1970s and early-1980s suggested
that the retina was the primary site of amblyopia, the current consensus is that
amblyopia originates predominantly from alterations in neural circuitries in the
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primary visual cortex.> > The classic work of Hubel and
Wiesel (1970) on visually deprived cats demonstrated
that the visual cortex is molded by experience during
“critical periods” in early life.®” These critical periods
are time windows during which cortical plasticity is
enhanced and neural circuits display a heightened sensi-
tivity to acquired instructive and adaptive signals from
the external environment.” Treatment of amblyopia is
thought to be ineffective after the critical period has
ended. This is why amblyopia treatments, such as atro-
pine penalization and patch implementation in combina-
tion with correction of refractive error, are performed
during childhood.®

Recent research in animal models has shown that the
visual cortex of the adult brain is not fully “hardwired”, as
previously thought. Following specific treatments, the
adult brain can acquire a certain degree of plasticity even
well after the previously defined critical period.” This has
been achieved in rats by inducing the release of endogen-
ous neuromodulators, such as norepinephrine, acetylcho-
line, or dopamine.? In agreement with this, Vetencourt et al
demonstrated in 2008 that chronic treatment with the
selective serotonin reuptake inhibitor (SSRI) Fluoxetine
reinstates ocular dominance plasticity following monocu-
lar deprivation and promotes recovery of normal visual
functions in adult amblyopic animals.” Vetencourt et al
also found that chronic SSRI administration increased
expression of brain-derived neurotrophic factor (BDNF)
and its primary receptor, TrkB. Rats intracortically
injected with exogenous BDNF via osmotic minipumps
exhibited greater improvement in binocular vision than
control rats not injected with BDNF. Increased BDNF
activates genes regulating plasticity, allowing a functional
modification of neuronal circuitries that underlie recovery
from amblyopia.’

Previous studies have examined the effect of SSRIs and
other neuromodulators in treating amblyopia. In 2019,
Sharif et al demonstrated in a 40-patient clinical trial that
the SSRI Fluoxetine may be beneficial in the management
of adult and adolescent amblyopia.'® In 2010, a PEDIG
(Pediatric Eye Disease Investigator Group) pilot study was
initiated to evaluate the use of levodopa as a treatment for
residual amblyopia. The study demonstrated temporary
improvement in visual acuity (VA) that regressed after
drug use ceased.!' Likewise, in 2015, Yang et al showed
that older amblyopic children (ages 13—17) treated with
carbidopa-levodopa had greater visual cortex activation.'?
Serotonin norepinephrine reuptake inhibitors (SNRIs) work

via a mechanism similar to that of SSRIs, by mixed pre-
synaptic inhibition of both serotonin and norepinephrine
uptake.'® However, no animal studies to date have demon-
strated the effect of SNRIs in treating amblyopia. The
SSRIs approved by the Food and Drug Administration
(FDA) for treatment of depression are Citalopram,
Escitalopram, Fluoxetine, Paroxetine, Sertraline, and
Vilazodone. The SNRIs approved by the FDA for treatment
of depression are Desevenlafaxine, Duloxetine,
Levomilnacipran, and Venlafaxine.

Studies have also evaluated the efficacy of refractive
correction, either by spectacle correction or refractive sur-
gery, in treating amblyopia by improving image quality in
the amblyopic eye.""'*!* For instance, many previous stu-
dies have demonstrated that spectacle correction accompa-
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occlusion,’ perceptual learning, or binocular treat-
ment can also improve amblyopia.'**'** Likewise, a 2004
clinical study done at the Wilmer Eye Institute demon-
strated improvements in VA after LASIK surgery in patients
with amblyopia. 42.8% of patients reported postoperation
improvement in best-corrected VA in their amblyopic eye
while 33.3% of patients reported postoperation improve-
ment in uncorrected VA in their amblyopic eye.?* Likewise,
in 2012 deWitt demonstrated improved best-corrected VA
in patients who received bilateral intraocular lens implants
to treat presbyopia.”> Despite these results, the general
consensus is that successful recovery of VA in amblyopic
adults is diminished after the “critical period”, approxi-
mately 8 years of age.***® 2’

The aforementioned studies evaluated the efficacy of
neuromodulators or refractive surgery alone (without con-
trolling for neuromodulatory medications) in treating
amblyopia. The effect of using vision correcting surgery
in combination with neuromodulatory medications, such
as SSRIs or SNRIs, in treating amblyopia in adult popula-
tions has not been examined in a clinical study. In this
study, we evaluated the effects of SSRI/SNRI medications
in combination with cataract surgery in treating amblyopia

in adult patients.

Patients and methods

The study consisted of patients with amblyopia who had
cataract surgery along with intraocular lens placement
performed at the Johns Hopkins Hospital Wilmer Eye
Institute between August 1, 2012 and July 15, 2018. This
retrospective record review study was approved by the
Johns Hopkins Institutional Review Board. A waiver of
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the HIPAA Privacy Authorization requirement was
granted by the IRB due to the logistical difficulties antici-
pated with obtaining consent from all patients whose
records were reviewed, some of whom are no longer
patients of Johns Hopkins. To ensure patient privacy, all
information was de-identified and each patient was given a
unique study number. The study number was only linked
to the medical record number through a secure cross-walk
table, which was erased after completion of the study.

A set of six criteria was used to assess patient elig-
ibility for inclusion in this study. The inclusion criteria
were: 1) >18 years of age, 2) diagnosis of amblyopia, 3)
diagnosis of cataract and subsequent treatment with sur-
gery, 4) patient’s electronic medical record contains pre-
surgery and post-surgery VA measurements, 5) electronic
medical record contains information on whether the
patient was ever prescribed a SSRI/SNRI and the treat-
ment duration, and 6) an interocular VA difference of two
lines or more on the Snellen chart prior to cataract surgery.
A patient failing to meet any of the above criteria was
excluded from this study.

The records of 540 patients were reviewed, and 237
patients met all inclusion criteria. Thirty-eight patients were
on a SSRI/SNRI at time of surgery and for at least 2 weeks
postoperatively (experimental group). A total of 199 patients
were not on a SSRI/SNRI at time of surgery (control group).
Data collected included preoperative VA measurement, post-
operative VA measurement, date of surgery, date at which
postoperative VA measurement was recorded, and age at the
time of surgery. All data were obtained from the EPIC
electronic medical record system used at the Wilmer Eye
Institute. All VA measurements on EPIC were recorded via
the Snellen system. Given the measurements in EPIC were
recorded by multiple ophthalmologists over a 6-year period,
it is unclear to the study team which scoring algorithms were
used to obtain each of the VA measurements.

Statistical analysis was performed via Excel (Microsoft
Corporation, Redmond, WA, USA) software and GraphPad
Prism software (GraphPad Software Inc., La Jolla, CA,
USA). For analysis purposes, all VA measurements were
converted from the Snellen system to the logMAR system
via the equation logMAR visual acuity=—log;y(Snellen
visual acuity). In the logMAR system, a VA of 0 corre-
sponds to normal 20/20 vision while a greater VA value
corresponds to worse vision. Hence in this paper, a negative
change in logMAR corresponds to an improvement in VA
whereas a positive change in logMAR corresponds to an
exacerbation in VA.

Results

The study comprised of 237 patients, divided into two
groups, depending on whether they were on a SSRI/SNRI
at the time of surgery and for at least 2 weeks postopera-
tively. The mean age of the SSRI/SNRI-group was 67.6
years and that of the control group was 69.7 years.
Difference in age between the SSRI/SNRI group and con-
trol group was not statistically significant (SSRI/SNRI: 67.6
years, control: 69.7 years, p=0.25). The mean preoperative
logMAR VA of the SSRI/SNRI group was 0.543 and that of
the control group was 0.604. Difference in pre-op logMAR
VA between the SSRI/SNRI group and control group was
not statistically significant (SSRI/SNRI: 0.543, control:
0.604, p=0.31) (Table 1).

Improvement in VA after surgery was —0.276 logMAR
for the SSRI/SNRI group and —0.192 logMAR for the
control group. This difference is not statistically significant
(SSRI/SNRI: —0.276 logMAR, control: —0.192 logMAR,
p=0.15). A multivariable regression analysis was then
performed by creating a model that regressed postopera-
tive improvement in VA on predictor variables, including
baseline VA, age at the time of surgery, time between
surgery and post-op VA measurement, and whether the
patient was on a SSRI/SNRI. Our model demonstrated
that, holding all the other characteristics constant, patients
in the SSRI/SNRI group had a —0.103 logMAR greater
improvement in post-op VA compared to the control
group. Based on the regression analysis model, the effect
SSRI/SNRI treatment had on post-op VA is statistically
significant (95% CI: —0.194, —0.0116, p=0.03) (Figure 1).

The multivariable regression analysis further demon-
strated that baseline VA as well as age at time of surgery
have a significant effect on the improvement in postopera-
tive VA. As baseline VA worsens by 1 logMAR, the
improvement in post-op VA increases by —0.561 logMAR
(95% CI: —0.659 logMAR, —0.463 logMAR, p<0.005).
However, an additional regression analysis was performed,
examining the effect of baseline VA on absolute post-op
VA. This regression demonstrated that as baseline VA wor-
sens by 1 logMAR, the improvement in post-op VA
decreases by 0.443 logMAR (95% CI: 0.341 logMAR,
0.544 1ogMAR, p<0.005). As age at the time of surgery
increases by 1 year, the improvement in post-op VA
decreases by 6.55x10 > logMAR (CI: 3.34x10 > logMAR,
9.77x10° logMAR, p<0.005). Lastly, the multivariable
regression demonstrated that time duration between surgery
and postoperative VA measurement does not have a signifi-
cant impact on postoperative improvement in VA (95% CI:
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Table | Pre- and postoperative characteristics for patients in SSRI/SNRI and control group

Characteristic

Age at surgery (years + SD)

Pre-op VA (logMAR * SD)

Post-op VA (logMAR * SD)

Time between surgery and post-op VA measurement (years + SD)
Males, n (%)

Females, n (%)

SSRI/SNRI group Control group
67.6x7.6 69.7+10.8
0.543+0.286 0.604+0.351
0.266+0.190 0.411+0.322
1.79£1.12 1.51£1.32

10 (26) 79 (40)

28 (74) 120 (60)

Abbreviations: SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin norepinephrine reuptake inhibitor; VA, visual acuity.

—-8.70x107° logMAR, 5.54x107° 1logMAR, p=0.66).
Moreover, the difference in time between when the post-
operative VA measurements were performed in the SSRI/
SNRI group and control group was not statistically signifi-
cant (SSRI/SNRI: 1.79 years, control: 1.51 years, p=0.21)
(Table 2).

Discussion

It has been long observed that amblyopia treatment is most
effective within the critical period of visual development,
usually defined as up to 8 years of age. If left untreated
past this critical period of cortical brain plasticity, amblyo-
pia can result in permanently impaired vision.'' Recently,
preliminary studies using adult animal models have
demonstrated the ability of SSRIs to extend the period of

Improvement in visual acuity prior to multivariable regression

n =38 n=199

o
T

improvement (logMAR
o
N

<
> 0.04
Improvement in visual acuity after multivariable regression

— 0.6- P=0.03

0.4 n =199

VA improvement (logMAR

SSRI/ SNRI

Control

Figure | Graph of improvement in visual acuity post-op.

plasticity in amblyopic eyes. However, whether this same
effect occurs in adult humans after refractive surgery is
unknown; therefore, we decided to perform this retrospec-
tive clinical chart review study.

Our study demonstrated that SSRI/SNRI administra-
tion at the time of cataract surgery may lead to an
improvement in postoperative VA after all other contribut-
ing variables are held constant. To the best of our knowl-
edge, there has only been one other large study looking at
the effect of SSRI/SNRI administration on amblyopia
treatment. This 42-patient study, performed in 2017,
demonstrated that patients receiving fluoxetine along
with computerized perceptual training and eye patching
did not have significantly better improvements in VA
when compared to control group patients receiving only
computerized perceptual training and eye patching.** In
addition, two smaller studies have examined the effects of
SSRI/SNRI administration on brain plasticity and demon-
strated no significant difference. First, a 2016 clinical
study showed that 20 mg/day of Fluoxetine for 19 days
did not significantly affect visual perceptual learning in
humans.?! Second, a 2014 clinical study consisting of 7
patients with amblyopia demonstrated that administration
of 20 mg Citalopram for 2 weeks did not lead to a statis-
tically significant improvement in VA.*?

The results of our regression analysis suggest that SSRI/
SNRI treatment in combination with surgical intervention
may lead to a significant improvement in VA. The difference
between the results of our study and those of prior studies
may be because we looked at the effect of SSRI/SNRI
combined with a surgical intervention to improve visual
input to the amblyopic eye, rather than the effect of SSRI/
SNRI alone or effect of SSRI/SNRI coupled with non-surgi-
cal treatment options. Another difference was that the
patients in the prior studies were treated for 4 or fewer
weeks, whereas in our study the average duration of treat-
ment with an SSRI/SNRI was 101 weeks (1.9 years).
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Table 2 Multivariable regression model for factors affecting postoperative visual acuity

Parameter B 95% CI p
Time between surgery and postoperative VA measurement (years) -1.60x107° (-8.70x107°, 5.54x10™) 0.66
Age at surgery 6.55%107 (3.34x1073, 9.77x107%) <0.005
Baseline VA —0.561 (—0.659. —0.463) <0.005
SSRI/SNRI —0.103 (-0.194, —0.01 16) 0.03

Note: *B is the estimated beta-coefficient of the linear regression model.

Abbreviations: SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin norepinephrine reuptake inhibitor; VA, visual acuity.

In addition to the primary finding that patients on SSRI/
SNRIs may have a greater improvement in vision after
cataract surgery, our study demonstrated that younger
patients and patients with poorer initial VA had greater
improvements in postoperative VA. These findings are con-
sistent with trends noted in prior studies, and support the
validity of our analysis. A 2000 study performed in the UK
demonstrated that patients ages 60—69 were 4.6 times more
likely to achieve a VA of 6/12 or better postoperatively
compared with patients ages 80+.>* Similarly, a 2016 study
performed in People’s Republic of China demonstrated that
increased age correlates with poorer postoperative VA.**

Worse preoperative VA is associated with a greater percent
improvement in postoperative VA; however, this may be
attributable to a mathematical artifact. There is more potential
for VA improvement in patients with poor preoperative VA,
compared with patients with less initial visual impairment. A
similar trend regarding percent improvement in postoperative
VA can be seen in a JAMA Ophthalmology article, which
recorded the pre- and postoperative VA of patients undergoing
cataract surgery in four countries: USA, Canada, Denmark,
and Spain.*® In addition, the JAMA Ophthalmology article
noted that with respect to absolute VA, a poor preoperative VA
is associated with a worse postoperative VA.>> This is also
consistent with the trend observed in our study.

There are several limitations to this study; primarily that
it is a retrospective chart review, and we were not able to
control the dosage or duration of medication the patients
received. Given the older age of the patients in the study, the
diagnosis of amblyopia is most often based on history, and
the primary cause of the amblyopia likely varies between
patients. Additionally, there are multiple types of amblyo-
pia, and it is likely that refractive amblyopia will respond
more favorably to cataract surgery than amblyopia second-
ary to ocular misalignment or other etiologies. Given the
suggestive findings of this study, consideration should be
given to the implementation of a clinical trial to further
define the effect of SSRI/SNRIs on visual plasticity and to
optimize potential treatment protocols.

Conclusion

The finding that patients with amblyopia undergoing cat-
aract surgery may have a greater visual improvement when
treated with SSRI/SNRIs gives new hope to adult patients
suffering from amblyopia.
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