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Purpose: To determine the effect of topical cyclosporine 0.09% on ocular surface regularity 
and the predictive accuracy of preoperative corneal power measurements in patients under-
going cataract surgery.
Setting: Private practice.
Design: Open-label, multicenter, prospective study.
Methods: Seventy-five patients (75 eyes) who presented for cataract surgery evaluation with 
signs of dry eye disease were prescribed topical cyclosporine 0.09% for 28 days BID. 
Corneal curvature measurements, slit lamp exam, and Standardized Patient Evaluation of 
Eye Dryness (SPEED) questionnaire were evaluated at the initial and follow-up visits. 
Cataract surgery occurred 1 to 3 weeks after the second biometry visit. Refraction and 
corrected distance visual acuity measurements were performed 1-month post-surgery. The 
primary outcome was the difference in absolute prediction error of 1-month spherical 
equivalent refractive outcome before and after cyclosporine treatment. Secondary outcomes 
included the effect of topical cyclosporine 0.09% on ocular surface irregularity.
Results: Sixty-four patients completed the study. The absolute prediction error of 1-month 
spherical equivalent refractive outcome was 0.39 ± 0.30 D vs 0.33 ± 0.25 D (P < 0.03) before 
and after treatment, respectively. The proportion of eyes that achieved the target refraction 
was greater based on measurements after topical cyclosporine 0.09% than would have 
occurred using pre-treatment measurements.
Conclusion: Cataract surgery patients with dry eye who are prescribed topical cyclosporine 
0.09% BID for 28 days pre-surgery showed a statistically significant improvement in the 
prediction error of the spherical equivalent outcome of surgery. Other measures of dry eye 
severity showed significant improvements after treatment.
Keywords: cataract surgery, topical cyclosporine 0.09%, dry eye, higher order aberrations

Introduction
Patient satisfaction after cataract surgery in today’s world relies upon minimizing 
the refractive error and optimizing the quality of the visual image.1,2 Ocular surface 
irregularity adversely impacts the consistency of corneal measurements preopera-
tively and can continue to affect visual quality post-surgery.3–5 These inconsistent 
preoperative corneal measurements directly impact the ability of cataract surgeons 
to choose the proper intraocular lens (IOL) implant. It follows that improving the 
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ocular surface in patients with dry eye disease (DED) 
preoperatively will lead to greater refractive accuracy in 
lens selection.6–8

This study was designed to determine if prescribing 
topical cyclosporine 0.09% (Cequa, Sun Pharmaceuticals) 
in patients presenting for cataract surgery for 28 days pre- 
surgery could improve surface regularity and the predictive 
accuracy of preoperative corneal power measurements. This 
study also examines the impact of topical cyclosporine 
0.09% on irregularity of the ocular surface as measured 
by higher order aberrations (HOAs), corneal staining, tear 
breakup time (TBUT), and ocular redness.

Materials and Methods
This open-label, multicenter, prospective study included 75 
eyes (75 patients) who had presented for cataract surgery 
evaluation with signs of DED, including corneal staining 
with fluorescein and a TBUT of ≤ 10 seconds (Figure 1). 
Three centers participated in the study, and 3 surgeons 
performed all procedures (JAH, GJB, AE). Each patient 
underwent the same set of presurgical diagnostics before 
and after treatment with cyclosporine 0.09%. Patients who 
were scheduled to have both eyes undergo cataract surgery 
had their first eye enrolled in the study. The study is listed on 
ClinicalTrials.gov (NCT04342988), and the protocol fol-
lowed the Declaration of Helsinki and the US Food and 
Drug Administration’s good clinical practices, and all 

patients signed informed consent paperwork to participate 
in the study before enrollment was confirmed. This study 
was overseen by Aspire IRB (Santee, California, USA). De- 
identified data from this study will be provided in response 
to reasonable requests from the corresponding author for 5 
years following publication.

The inclusion/exclusion criteria and study protocol have 
been previously published as this group has evaluated other 
DED treatments.8 Briefly, exclusion criteria included pre-
vious ocular surgery within the past 3 months, ocular inflam-
mation or corneal scarring, corneal dystrophy, or other 
defect or abnormality of the ocular surface. Subjects were 
permitted to continue unchanged any baseline dry eye treat-
ments (lubricant drops, warm compresses) but not make any 
modifications, add any treatments, or perform any proce-
dures beyond the addition of topical cyclosporine 0.09%.

At the 1-month visit following cyclosporine 0.09% 
treatment, patients were asked to report on their compli-
ance, and noncompliant patients were excluded.

Assessments
Corneal curvature measurements were performed at both 
the initial visit and after 28 days of cyclosporine 0.09% 
using an IOL Master 500 or 700 (Carl Zeiss Meditec, 
California, US). Corneal topography was collected with 
a Zeiss Atlas 900 or later topographer, and root-mean- 
square (RMS) HOAs were recorded in the central 

Figure 1 Study design.
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6.0 mm of the cornea for each visit. Other assessments 
included slit lamp examination (conjunctival hyperemia by 
the Schulze scale,3,5 corneal staining by the Oxford grad-
ing scale, and TBUT). The Standardized Patient 
Evaluation of Eye Dryness (SPEED) survey was also 
administered, and scores > 10 were considered 
abnormal.3,6 Following the initial evaluation, patients 
were prescribed 28 days of cyclosporine 0.09% BID. At 
the end of the 28-day cycle, biometry and exam measure-
ments were repeated. Cataract surgery was performed 1 to 
3 weeks after the second evaluation using the intraocular 
lens (IOL) power suggested by the biometry measure-
ments from the latter evaluation.

Approximately 1 month postoperatively, a refraction 
and corrected distance visual acuity (CDVA) measurement 
was performed.

Data Analysis
Each set of the biometry measurements was used to gen-
erate an IOL power calculation for the study eye using the 
Barrett Universal II Formula; the predicted manifest 
refraction spherical equivalent of the IOL selected for 
surgery was calculated for each set of measurements. 
These were tested for normality using the Shapiro–Wilk 
test. These predicted spherical equivalents were then com-
pared against the actual final manifest refraction spherical 
equivalent measured 30 days after surgery to determine 
each prediction’s absolute prediction error. The absolute 
prediction error of the pre- and post-treatment measure-
ments were compared for each eye and tested for signifi-
cance with a paired t-test.

SPEED questionnaire scores, conjunctival hyperemia 
scores, corneal staining, and TBUT were recorded for each 
visit and entered into a database for comparison before and 
after surgery. Paired t-testing was used to evaluate the 
difference for statistical significance with 95% confidence. 
Paired t-tests were also used to compare RMS HOAs 
measurements before and after cyclosporine 0.09% 
treatment.

Results
A total of 75 patients were enrolled. Of these, 8 (11%) 
withdrew because of a renewed SARS-CoV-2–related 
stay-at-home order by cancelling their surgery or with-
drawing from study participation to reduce clinic visits. 
Two (3%) cancelled due to insurance or scheduling con-
flicts, and 1 (1%) withdrew because the study medication 
was not tolerable. Of the 64 patients who completed the 

study, 34 (53%) were female and 30 (47%) were male. 
A total of 36 patients (56%) had their right eyes studied 
and 28 (44%) had their left. The mean age was 70.5 ± 7.4 
years (range 50 to 84). Patients were enrolled from 
Harvard Eye Associates (n = 27), Ophthalmology 
Associates (n = 20), and Ophthalmic Surgeons and 
Consultants of Ohio (n = 17).

Primary Outcome Measure
The prediction error of 1-month spherical equivalent 
refractive outcome was tested and found to follow 
a normal distribution for biometry performed both before 
and after treatment with cyclosporine 0.09% (P value 0.99, 
Shapiro–Wilk test). The absolute prediction error was 0.39 
± 0.30 D vs 0.33 ± 0.25 D based on biometry performed 
before and after treatment with cyclosporine 0.09%, 
respectively. This difference was statistically significant 
(P < 0.03, paired t-test). The proportion of eyes that 
would have achieved the target refraction was greater 
after cyclosporine 0.09%: 41% vs 47% within 0.25 
D (P < 0.05, McNemar’s Chi-squared test), 72% vs 73% 
within 0.5 D (P < 0.31), and 88% vs 95% within 0.75 
D (P < 0.03). These differences were statistically signifi-
cant for accuracy within 0.25 D and 0.75 D (Figure 2).

Secondary Outcomes
Cyclosporine 0.09% treatment caused changes in total 
HOAs measured within the central 6.0 mm of the cornea 
with improvement by a mean of 0.28 ± 0.27 µ in 28 (44%) 
of eyes, no change in 18 (28%), and worsening by a mean 
of 0.17 ± 0.15 µ in 18 (28%) of eyes (Figure 3). These 
differences were statistically significant, favoring improve-
ment (P < 0.0001, McNemar’s Chi-squared test). The 
overall mean magnitude of corneal HOAs was also sig-
nificantly improved by cyclosporine 0.09% with a value of 
0.68 ± 0.32 µ before treatment and 0.60 ± 0.22 µ after (P < 
0.02, paired t-test).

The presence of total corneal HOAs greater than 0.5 µ 
before surgery are associated with suboptimal subjective 
patient perceptions postoperatively. Using this cutoff as 
a measure of probability for success with a multifocal 
IOL, 25 (39%) patients before and 29 (45%) patients 
after cyclosporine 0.09% treatment would be considered 
candidates for a multifocal IOL. This difference was sta-
tistically significant (P < 0.05, McNemar’s Chi-squared 
test).

SPEED scores significantly improved after cyclospor-
ine 0.09% treatment, with a mean score of 7.9 ± 6.2 before 
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and 5.2 ± 5.3 after (P < 0.00001, paired t-test). Scores of ≤ 
5 were observed in 25 (39%) patients before and 40 (63%) 
patients after cyclosporine 0.09% treatment, and scores < 
10 were noted in 48 (75%) patients before and 56 (88%) 
patients after cyclosporine 0.09% treatment (Figure 4). 
These differences were statistically significant (P < 0.007 
and P < 0.04, respectively, McNemar’s Chi-squared test).

Corneal staining, measured by the Oxford scale, sig-
nificantly improved from a mean grade of 1.6 ± 0.56 
before cyclosporine 0.09% to 0.5 ± 0.62 after treatment 
(P < 0.000001, paired t-test). All eyes had at least grade 1 

staining before treatment: 36 (56%) improved to grade 0 
(absence of stain), 24 (38%) improved to grade 1, and 4 
(6%) finished the study with grade 2 staining. Only 2 (3%) 
eyes showed no improvement in corneal staining, remain-
ing at grade 2 after treatment (Figure 5).

TBUT improved significantly from a mean of 5.2 ± 
2.2 seconds before treatment to 7.0 ± 2.9 seconds after 
(P < 0.000001, paired t-test). Mean improvement was 
2.6 ± 2.4 seconds. TBUT was 0 to 5 seconds in 37 
(59%) and 23 (36%) eyes before and after cyclosporine 
0.09% treatment, respectively (P < 0.002, McNemar’s 

Figure 2 Predictive accuracy of corneal power measurements performed after cyclosporine was significantly higher than when performed before cyclosporine (N = 64, 
P < 0.03, paired t-test).

Figure 3 Significantly more patients had improvement than a decline in RMS HOA after 28 days of cyclosporine (N=64, P < 0.0001, McNemar’s Chi-squared test).
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chi-squared test), and 6 to 10 seconds in 26 (41%) and 
33 (52%) patients before and after cyclosporine 0.09% 
treatment, respectively (P < 0.03, McNemar’s chi- 
squared test; Figure 6).

Conjunctival erythema, measured by the Schulze scale, 
also significantly improved with cyclosporine 0.09% treat-
ment (mean score 19.1 ± 8.9 and 15.3 ± 6.7 before and 
after treatment, respectively; P < 0.002, paired t-test). The 
lowest grading of 10 was observed in 23 (36%) eyes 
before and 36 (56%) after treatment (P < 0.02, 

McNemar’s chi-squared test). Other values for conjuncti-
val redness are shown in Table 1.

Discussion
This study enrolled patients with DED to assess the impact of 
a new formulation of cyclosporine on the refractive accuracy 
of cataract surgery. We found a statistically significant 
improvement in the prediction error of the spherical equiva-
lent outcome of surgery when we used the measurements 28 
days after cyclosporine 0.09% treatment had been initiated 

Figure 4 SPEED scores improved significantly after 28 days of treatment with cyclosporine (P < 0.00001, paired t-test).

Figure 5 Corneal staining (Oxford Scale) was measured before and after 28 days of treatment with cyclosporine and improved significantly following treatment, 
disappearing in 56% of patients (P<0.000001, paired t-test). Note all eyes (N=64) had at least grade 1 staining before treatment as a condition of enrolling in the study.
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when compared to measurements performed before treat-
ment. Other measures of dry eye severity, including corneal 
RMS HOAs, corneal staining, TBUT, conjunctival erythema, 
and SPEED scores, also showed significant improvements 
after cyclosporine 0.09% treatment.

It is well established that the management of ocular 
surface disease is critical to the success of cataract surgery 
for several reasons. Not only can cataract surgery exacer-
bate dry eye signs and symptoms, even in patients who self- 
report as asymptomatic, but ocular surface irregularities can 
compromise the accuracy of presurgical biometry and cor-
neal topography/tomography, causing inaccurate IOL calcu-
lations, suboptimal postoperative outcomes, and patient 
dissatisfaction.9,10 HOAs have also been linked to post-
operative patient dissatisfaction, especially if multifocal 
IOLs were implanted. Given the generally high patient 
postoperative expectations,11 cataract surgeons must prior-
itize minimizing these issues to meet patient needs.

Significant improvement was also noted for tear 
breakup time, giving evidence that treatment established 

a more stable tear film in dry eyes approaching surgery. 
This is particularly important for postoperative patients 
because achieving satisfaction with surgery depends not 
only on establishing clarity but also the ability to support 
prolonged reading and other visually intensive tasks.

Although many pharmacologic treatments for dry eye 
exist, cyclosporine 0.09% is the highest dose of cyclosporine 
approved by the FDA. It is also the only cyclosporine 
approved that includes nanomicellar technology for better 
penetration and drug absorption.12 To our knowledge, this is 
the first study demonstrating improvements in refractive 
accuracy of cataract surgery with pretreatment cyclosporine 
0.09%. Our findings add to the literature by showing cyclos-
porine 0.09% has added utility beyond general dry eye treat-
ment, further stocking the cataract surgeon’s armamentarium.

This study is not without limitations, however. The 
number of patients who initiated therapy and completed 
the study was lower than originally planned due to a high 
number of patients canceling surgery or wishing to with-
draw to avoid noncrucial office visits. One patient with-
drew because of intolerance to the study medication, a rate 
of discontinuation slightly better than the 2.4% disconti-
nuation rate reported in the US Food and Drug 
Administration Phase 3 approval study of cyclosporine 
0.09%.12 Despite the lower number of participants, the 
primary outcome measure—an improvement in refractive 
accuracy—showed a statistically significant result.

This study evaluated a single treatment, cyclosporine 
0.09%, for DED. It is possible that similar results could be 
achieved with other treatments like artificial tears, warm 
compresses, dietary and habit modifications, and proce-
dural remedies for DED. In combination with cyclosporine 

Figure 6 Tear breakup time was measured before and after 28 days of treatment with cyclosporine and improved significantly following treatment (N=64, P<0.00001, paired 
t-test).

Table 1 Conjunctival Erythema Before and After Treatment with 
Cyclosporine

Schulze 
Scale 
Grading

Number of Eyes 
Before Treatment 
(n=64)

Number of Eyes 
After Treatment 
(n=64)

Grade 10 23 (36%) 36 (56%)

Grade 20 28 (44%) 22 (34%)

Grade 30 10 (16%) 6 (9%)
Grade 40 2 (3%) 0

Grade 50 1 (2%) 0
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0.09% these treatments might offer even more benefit than 
was found in this study. Our study purposely excluded 
those other treatments to avoid confounding the results. 
The pivotal study of cyclosporine 0.09% demonstrated 
superiority of this formulation over vehicle alone in treat-
ing DED.12 It would, therefore, be reasonable to assume 
that the improvements in refractive accuracy shown in this 
study from cyclosporine 0.09% would be similarly super-
ior to those of its vehicle.

As with DED, corneal HOAs can be influenced by 
many factors, including seasonality, state of bodily hydra-
tion, hormonal changes, and any other factor that affects 
state of ocular hydration. Each of these can act at random 
and cause variance in the “smoothness” of the ocular sur-
face. This may explain why 28% of cyclosporine 009%- 
treated patients had a worsening of their HOAs in this 
study. Despite these noteworthy and random variables, 
a significantly greater proportion of eyes, 44%, showed 
improvement in this metric.

It is interesting to note that, although all patients in the 
study had significant DED, the majority were symptom- 
free at baseline. SPEED scores were ≤ 10 in 75% and < 5 
in almost 40%. This corroborates earlier studies, including 
the PHACO study,13 that showed similar proportions of 
symptom-free patients, and it reinforces common clinic 
procedures to screen cataract surgery candidates for DED.

Although tempting, we cannot compare these outcomes 
to those of an earlier study conducted by the same group that 
enrolled a similar patient population and treated dry eye with 
lifitegrast.8 Both studies found significantly improved pre-
dictive power for IOL implants, and both studies showed 
pretreatment with pharmacologics approved for DED sig-
nificantly improved other tested measures of dry eye sever-
ity. Indeed, both studies help to re-confirm the importance of 
treating DED before performing biometry to achieve opti-
mal results. More study is needed to directly compare two of 
these approved drugs to determine if one confers an addi-
tional benefit over the other.

Future studies may evaluate whether a shorter course of 
therapy than 28 days, with cyclosporine 0.09% alone or in 
combination with other therapies, could achieve similar or 
better results. Meanwhile, the positive findings of this study 
suggest this drug may have a place of value in managing the 
ocular surface of dry eye patients undergoing surgery.

Conclusions
The use of topical cyclosporine 0.09% BID for 28 days 
before cataract surgery in patients with dry eye produced 

a statistically significant improvement in the prediction 
error of the spherical equivalent outcome of surgery.
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