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Purpose: To determine the effect of lifitegrast ophthalmic solution 5% on improving the tear 
film, biometry/keratometry, and refractive accuracy for dry eye patients scheduled for 
cataract surgery.
Patients and Methods: Multicenter, prospective, open-label study of 100 eyes of 100 patients 
undergoing cataract surgery who had a confirmed diagnosis of dry eye. Patients underwent 
biometry at baseline and again after a 28-day course of lifitegrast 5% BID. Primary outcome was 
an improvement in the accuracy of preoperative anterior corneal power measurements at 
predicting postoperative spherical equivalent (SE) pre- and post-lifitegrast treatment. 
Secondary outcomes included changes in dry eye symptoms and corneal staining.
Results: The accuracy of the biometry readings for the achieved refractive SE: within 0.25 D in 
47% and 50% of eyes before and after the initial lifitegrast treatment, respectively; within 0.5 
D in 71% and 79% of eyes before and after the initial lifitegrast treatment; and within 0.75 D in 
81% and 91% of eyes before and after the initial lifitegrast treatment (p < 0.04).
Conclusion: Lifitegrast 5% significantly improved preoperative corneal surface measure-
ment accuracy in patients with confirmed dry eye who were scheduled for cataract surgery.
Keywords: cataract surgery, dry eye, lifitegrast, higher-order aberrations

Plain Language Summary
In cataract surgery, the patient’s natural lens is replaced with an artificial lens implant that 
achieves its focusing power based on measurements of the patient’s eye taken before surgery. 
The accuracy of those measurements is important because it determines how well focused 
the patient’s eye will be after surgery. It is difficult to measure the eye accurately in patients 
who have dry eyes because the surface of the eye is irregular, which causes the cornea to 
absorb stain during the exam and to have the surface tears break up quickly. Lifitegrast 5% is 
an eye drop and the only drug approved by the US Food and Drug Administration to treat 
both signs and symptoms of dry eye. In this study, we determined whether treatment with 
lifitegrast 5% drops for 28 days before surgery improved the smoothness of the surface of the 
eye and whether this improvement actually led to better lens implant calculations, compared 
to doing these measurements without lifitegrast treatment. The study, performed on about 
100 people, found significant improvement in all outcomes measured.

Introduction
Cataract surgery is one of the most frequently performed surgeries in the United States 
with favorable outcomes in about 98% of cases.1,2 Outcomes are dependent upon 

Correspondence: John Hovanesian  
Harvard Eye Associates, 24401 Calle De 
La Louisa, Laguna Hills, CA 92653, USA  
Tel +1 949 951 2020  
Fax +1 949 951 9244  
Email jhovanesian@harvardeye.com

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical Ophthalmology 2020:14 2709–2716                                                                 2709

http://doi.org/10.2147/OPTH.S264520 

DovePress © 2020 Hovanesian et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0001-8060-8750
http://orcid.org/0000-0001-9037-9605
http://orcid.org/0000-0002-5235-1780
http://orcid.org/0000-0002-4609-5522
mailto:jhovanesian@harvardeye.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


accurate intraocular lens (IOL) calculations, which require 
axial length, keratometry, and anterior chamber depth. They 
are also dependent upon a healthy ocular surface, using the 
proper IOL formula, and a variety of additional measure-
ments of the eye including refraction, pupil size, and effec-
tive lens position.3–5 Clinical practice guidelines assert 
biometry is the single most important factor impacting 
patient outcomes and satisfaction,6,7 but, while optical axial 
length measurements have improved dramatically compared 
to older ultrasound techniques, the accuracy of corneal power 
measurements has not meaningfully improved with newer 
technology. Inaccurate corneal power measurements can 
result in incorrect IOL power calculations, which in turn 
can lead to postoperative complications that may need addi-
tional surgical correction.8,9

A number of factors can impact the accuracy of bio-
metric readings, including ocular surface disease, irregula-
rities in the tear film, and dry eye disease (DED).10–13 An 
abnormal tear film can lead to inaccurate preoperative 
measurements impacting the final IOL calculation.13–16 

Epitropoulos et al found that IOL power calculations can 
vary as much as 0.5 D in patients with dry eye when those 
same patients were measured at different visits.14

Anterior segment surgeons estimate that about 20% of 
their cataract surgery patients have ocular surface disease 
and/or DED preoperatively.15–17 But the PHACO study 
found closer to 60% of patients undergoing screening for 
routine cataract surgery had rapid tear breakup time 
(TBUT) and approximately 50% had central corneal stain-
ing, both of which are hallmarks of DED.18

Numerous treatments for DED are commercially 
available,19–24 but there has been nothing reported on the 
impact these treatments specifically have on anterior cor-
neal power readings in patients undergoing cataract sur-
gery when compared to outcomes in patients who do not 
undergo dry eye treatments preoperatively. Lifitegrast 5% 
(Xiidra; Novartis, Basel, Switzerland) is a pharmacologic 
treatment approved for treating both the signs and symp-
toms of DED.25–30 Corneal staining, one of the cardinal 
signs of DED that is known to reduce the accuracy of 
keratometry readings, was improved significantly after 4 
weeks of treatment in the FDA registration trial of lifite-
grast, so it seems an appropriate treatment choice for 
preparing eyes for cataract surgery biometry.18,27,28,31 In 
this study, we sought to determine if the refractive accu-
racy of anterior corneal power readings is improved when 
lifitegrast is administered preoperatively to patients who 
are scheduled for cataract surgery and who have confirmed 

DED (defined here as a TBUT ≤ 10 seconds and central or 
inferior corneal staining as defined by the Oxford Scale).

Higher order aberrations (HOAs) have been linked to 
patient satisfaction especially when multifocal lenses are 
implanted, with greater HOAs leading to dissatisfaction 
with these advanced lenses. Many surgeons with experi-
ence in multifocal lens implantation consider HOAs ≤ 0.5 
µ to be an acceptable upper limit of corneal HOAs when 
considering a patient for a multifocal lens; this threshold 
has also been documented in the literature.32,33

Patients and Methods
This was a multicenter, prospective, open-label, study of 
100 eyes of 100 patients with planned cataract surgery 
who had a preoperative diagnosis of dry eye, characterized 
by central or inferior corneal fluorescein staining and 
a TBUT ≤ 10 seconds on slit-lamp examination. All pro-
cedures were performed by three surgeons (JAH, EDD, 
AE), and all preoperative measurements were performed 
using the same diagnostic equipment before and after 
treatment with lifitegrast. The study is registered on 
ClinicalTrials.gov (NCT03866629) and adhered to both 
the Declaration of Helsinki and good clinical practices as 
defined by the U.S. Food and Drug Administration. 
Reasonable requests for de-identified patient data relating 
to the study findings will be available through the corre-
sponding author for 5 years following the publication date.

Patients were excluded if they had previous ocular sur-
gery (intraocular, oculoplastic, corneal, or refractive surgical 
procedures) performed within the last 3 months or at any time 
if it would, in the investigator’s clinical judgment, interfere 
with the study’s outcome measures. Additional exclusion 
criteria were ocular inflammation (conjunctivitis, uveitis, 
iritis, scleritis, episcleritis, or keratitis not related to the 
qualifying dry eye diagnosis), ocular scarring, dystrophy, or 
disease that would interfere with ocular surface integrity. Use 
of an over-the-counter dry eye lubricant or any other dry eye 
treatment (ie, warm compresses) was not an exclusion factor, 
but patients were instructed to continue any pre-enrollment 
treatments unchanged as they added lifitegrast during the 
study period. Patients provided verbal consent and signed 
an informed consent document approved by Aspire IRB 
(Santee, California, USA). Patients were instructed to con-
tinue any baseline dry eye treatments they were using. 
Compliance was assessed during the study by asking patients 
to report on their use of lifitegrast. Those patients who 
reported not using the drug, or not using it for the entire 
prescribed time, were excluded.
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The study was first designed to recruit 200 participants, 
based on calculations from assumptions about the effect 
lifitegrast would have on measurement accuracy. As this 
open-label study progressed, we had achieved statistical sig-
nificance for HOA improvement after only 34 patients and 
were nearing significance for our primary outcome measure 
of refractive accuracy. We then elected to truncate the study 
to 100 participants. We also modified the protocol to seek an 
additional set of outcome measures that would come after 
surgery—determining whether the ocular surface benefits of 
lifitegrast would continue if it were re-started about 28 days 
after surgery and continued for four weeks until about 
postoperative day 56. These additional outcome measures 
were added to confirm the value of lifitegrast in maintaining 
a healthy ocular surface after surgery.

Assessments
Patients who met the inclusion criteria underwent biome-
try (including anterior corneal power readings) with an 
IOL Master 500 or 700 (Zeiss; Dublin, California, USA), 
corneal topography with a Zeiss Atlas 900 or later topo-
grapher, slit lamp examination (including assessing con-
junctival hyperemia [Schulze scale34]), corneal staining 
(Oxford scores), and TBUT. Patients also completed 
a Standardized Patient Evaluation of Eye Dryness 
(SPEED) questionnaire, a validated patient-reported out-
come instrument for DED where scores >10 are consid-
ered abnormal.35 Patients were then prescribed a 28-day 
course of lifitegrast 5% BID, after which the same biome-
try measurements were taken. Cataract surgery was sched-
uled 1 to 3 weeks after completion of the lifitegrast course, 
with the attendant surgeon choosing an IOL implant power 
based on the post-lifitegrast biometry reading.

Postoperatively, beginning about 30 days after surgery, 
patients were instructed to administer a second, 28-day course 
of lifitegrast 5% BID after the end of routine postoperative 
medications (antibiotic, steroid, and non-steroidal anti- 
inflammatory drug). After completion of the second course 
of lifitegrast (approximately 56 days after cataract surgery), 
patients completed the SPEED questionnaire, underwent cor-
neal topography, and slit-lamp examination (measuring con-
junctival hyperemia, corneal staining, and TBUT; Data 
on file).

Data Analysis
The same IOL power calculation formula was used for 
both sets of measurements for each patient. For ethical 
reasons, surgeons were permitted to use the formula of 

their choice. All participating surgeons used the latest 
generation formulas for accuracy. The predicted final sphe-
rical equivalent (SE) refraction was noted for the IOL 
model and power actually used in surgery. The pre- and 
post-lifitegrast power predictions were compared to the 
final SE refraction measured 28 days after surgery to 
determine the accuracy of each prediction.

Total SPEED questionnaire scores and scores for con-
junctival hyperemia, corneal staining, and TBUT were 
recorded in a database and compared for means and stan-
dard deviation; paired t-testing was conducted to test for 
significance at the 95% confidence level. Root-mean 
square higher-order aberrations (HOAs) in the central 
6.0 mm of the cornea were measured and recorded by 
the Zeiss Atlas topographer (Dublin, California, USA) 
before and after lifitegrast treatment and compared for 
each patient. These were also compared with paired t-tests.

Results
There were 103 patients enrolled; 83 of whom completed 
the preoperative course of lifitegrast with good compli-
ance. The remaining 20 patients (19.4%) were excluded 
for non-compliance. Average age of participants was 71.3 
± 11.6 years. Fifty four (52%) were females.

Refractive Accuracy
Seventy-three eyes had anterior corneal power measurements 
performed both before and after 28 days of lifitegrast 5% 
treatment BID. The mean absolute difference in axial length 
after treatment with lifitegrast was 0.12 ± 0.57 mm. The 
mean absolute difference in steep keratometry values was 
0.26 ± 0.28 D and 0.29 ± 0.32 D in flat keratometry values. 
The average absolute change in the meridian of the steep 
keratometric axis was 22.8 ± 24.1°. Fifty-eight patients had 
manifest refraction data available 1 month after surgery. The 
accuracy of each preoperative biometry measurement was 
determined by comparing the predicted SE refraction for the 
lens actually implanted to the actual post-op SE measured at 
1 month (Figure 1). In general, biometry performed after 
lifitegrast more closely predicted the final refractive outcome 
than with biometry performed on untreated dry eyes (pre- 
lifitegrast). Accuracy within 0.25 D of the achieved SE was 
achieved in 47% of eyes before and 50% of eyes after 
lifitegrast. Within 0.5 D of the achieved SE was predicted 
in 71% of measurements before and 79% after lifitegrast. 
Within 0.75 D of the achieved SE was predicted by 81% of 
biometry measurements performed before and 91% after 
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lifitegrast. This improvement in biometry accuracy following 
lifitegrast was statistically significant (P < 0.04, paired t-test).

A total of 77 patients were identified with preoperative 
higher than normal HOAs; 50 of those patients completed 
the full two courses of lifitegrast. Preoperatively, 43 patients 
(56%) had a reduction in HOAs after being treated with the 

first course of lifitegrast (Figure 2). Considering the group as 
a whole, paired t-testing showed an overall statistically sig-
nificant improvement (decrease) in HOAs from baseline to 
the preoperative measurements performed after lifitegrast (P 
< 0.001). Comparing baseline corneal HOAs to those mea-
sured after the post-surgery course of lifitegrast, HOAs 

Figure 1 Preoperative biometry performed after 28 days of lifitegrast predicted the 1 month postoperative outcome with significantly greater accuracy than preoperative 
biometry measured before lifitegrast treatment.

Figure 2 Preoperative total corneal higher order aberrations improved in a significant majority of patients treated with lifitegrast before surgery.
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improved in 27 (54%) by a mean of 0.37 ± 0.29 µ, remained 
the same in 10 (20%), and increased in 13 (26%) by a mean 
of 0.21 ± 0.13 µ. Paired t-testing showed this to be 
a statistically significant improvement in HOAs (P < 0.004).

Using the established HOA ≤ 0.5 µ threshold, of the 77 
dry eyes studied with HOAs, 32% (25 eyes) were candidates 
for a multifocal lens before lifitegrast versus 52% (40 eyes) 
after the first course of preoperative lifitegrast—a 60% 
increase in the pool of candidates for advanced technology.

Secondary Outcomes
The mean overall SPEED scores at baseline were 8.1 ± 
6.6, which improved to 6.3 ± 4.9 after the initial 28 days of 
lifitegrast and 4.0 ± 3.2 after surgery and the second round 
of lifitegrast (P < 0.0004, paired t-test, Table 1 and Figure 
3). SPEED scores >10 are considered symptomatic of 
DED.36 Scores greater than 10 were reported at baseline 
by 30 (29%) patients, after the first course by 11 (13%) 
patients, and after the second course by one (2%) patient.

Corneal staining (measured with the Oxford Scale) was 
present in all patients at baseline as an inclusion criterion, 
with 60 (58%) having grade 1 stain, 40 (39%) with grade 
2, and 3 patients (3%) having grade 3 or higher stain. After 
the first course of lifitegrast, 52 (63%) had no staining, 29 
(35%) had grade 1, and 2 patients (2%) had grade 2 or 
greater staining. After the second course of lifitegrast, 
corneal staining was not present in 27 (54%), grade 1 in 
21 (42%), and grade 2 in 2 (4%) of patients (P < 0.00001, 
paired t-test compared to baseline for both first and second 
courses of lifitegrast).

TBUT improved from a mean of 5.1 ± 1.7 seconds at 
baseline to 7.8 ± 2.6 after the first course of lifitegrast to 
8.5 ± 2.5 seconds at the final assessment after the second 
course of lifitegrast (P < 0.0001, paired t-test).

Conjunctival redness, measured with the Schulze Scale 
at baseline was grade 10 in 38 (37%), grade 20 in 50 
(49%), and grade 30 or greater in 15 (14%) of eyes. 
After the first course of lifitegrast, redness improved to 

grade 10 in 58 (69%), grade 20 in 17 (20%), and grade 30 
or greater in 9 (11%) of eyes. After the second course of 
lifitegrast, redness was grade 10 in 33 (80%), grade 2 in 8 
(20%) and no eyes had greater than grade 30 redness. This 
was a statistically significant improvement in redness (P < 
0.0001 for pre-treatment vs both post-treatment assess-
ments, paired t-test).

Discussion
Our findings show that adding lifitegrast to treat preopera-
tive dry eye (while allowing patients to maintain their 
current treatment regimens) leads to an improved accuracy 
of anterior corneal power measurements in predicting 
postoperative SE refractive error and, therefore, produces 
better postoperative outcomes. An unexpected finding was 
that lifitegrast also significantly reduced root-mean-square 
HOAs in the central 6.0 mm of the cornea. As expected, 
treatment with the dry eye drug also significantly reduced 
dry eye symptoms as measured by SPEED scores and 
significantly improved dry eye signs such as corneal stain-
ing, ocular redness, and TBUT. Although the improvement 
in dry eye signs and symptoms may not be novel or 
surprising in light of the OPUS-1, OPUS-2, and OPUS-3 
trials establishing its efficacy,24,26–28 our study further 
confirms its clinical utility in this surgical setting. This 
study followed a number of patients for an additional 
month of lifitegrast that began ±28 days after surgery and 
continued until Day ±56, and these patients retained 
a beneficial ocular surface effect of lifitegrast.

Our findings add to the literature by showing that 
lifitegrast has utility beyond improving DED signs and 
symptoms.23–29 To our knowledge, this is the first study 
demonstrating that lifitegrast can improve the refractive 
accuracy of preoperative anterior corneal power measure-
ment readings while also reducing HOAs and decreasing 
dry eye signs and symptoms in cataract patients. To our 
knowledge, this is also the first study to show an improve-
ment in the ocular surface when the drug was instituted 

Table 1 Secondary Outcome Measures Showed Significant Improvement for All Measures at All Time Points

Baseline Preoperative After 
Lifitegrast

Postoperative Taking 
Lifitegrast

P value (Paired 
t-Test)

SPEED Score (mean ± stdev) 8.1 ± 6.6 6.3 ± 4.9 4.0 ± 3.2 <0.0004

Patients with grade 1 corneal staining 60 (58%) 52 (63%) 21 (42%) <0.00001

TBUT (sec) 5.1 ± 1.7 7.8 ± 2.6 8.5 ± 2.5 <0.0001
Patients with conjunctival erythema (Schulze 

Scale) ≥ 20

65 (63%) 26 (31%) 8 (20%) <0.0001
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following a cataract patient’s postoperative care. Because 
refractive accuracy and long-term improvement of the 
ocular surface has become essential to achieve patient 
satisfaction when refractive cataract surgery is performed, 
we encourage additional studies assessing other dry eye 
treatments before and after cataract surgery to continue to 
improve outcomes and increase patient satisfaction rates.

There are limitations to this study. We had a non- 
compliance rate with the first course of lifitegrast of almost 
20% that is unexplained, as the drug was provided free of 
charge to patients. While we did not formally collect the 
reasons for discontinuation, anecdotal reports from patients 
suggested that discomfort with drop instillation was the chief 
reason. This is consistent with Donnenfeld et al reported that 
54% of 220 patients experienced at least one treatment- 
emergent adverse event (AE) during the course of treatment 
with lifitegrast, with 12.3% discontinuing because of that 
AE.29 In that study, the most common AEs were instillation 
site irritation (burning), instillation site reaction, visual acuity 
reduced, dry eye, and dysgeusia. However, the OPUS-3 
study found that only 3.4% of 293 patients in the lifitegrast 
arm reported any AE.27 As in the Donnenfeld study, the most 
common AE in the OPUS study was site instillation burning 
and/or discomfort.27,29

Further, some of our patients did not return for their 
1-month post-operative follow-up exam; however, our 58 

patients were enough to generate a statistical significance 
threshold. Some patients did not receive a second round of 
treatment with lifitegrast after surgery; we did not capture 
data on the cause for declining a second course. However, 
about the first third of study participants completed the 
study before the additional month of lifitegrast (postopera-
tively) was added to the protocol. Loss to follow-up is 
a known issue in cataract patients, with one recent estimate 
from Gupta et al of about 15%.37 Factors leading to non- 
compliance are complex and not well understood, with 
a paucity of literature specifically examining the reasons 
behind loss to follow-up, which could range from overall 
patient dissatisfaction with the entire surgical process to 
dissatisfaction with the surgeon. On a more positive note, 
we hypothesize that if patients are satisfied with their 
surgical outcomes, they prefer to not return for additional 
follow-up visits or take additional drugs.

In this study, we sought to study only the effect of 
lifitegrast on surgical outcomes, so we did not instruct 
patients to use additional treatments with lifitegrast. In 
a routine clinical setting, we might try artificial tears, 
warm compresses, dietary supplements, or other steps to 
alleviate the patient’s ocular surface issues. It is reasonable 
to assume these treatments might have also benefited 
patients, and it will be left for future study to determine 
how their efficacy might compare to, or be additive to, that 

Figure 3 SPEED scores improved significantly after initial lifitegrast treatment and continued to improve following ongoing lifitegrast treatment postoperatively.
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of lifitegrast. To address that potential issue, when patients 
enrolled, we instructed them not to discontinue or change 
any baseline dry eye treatments they were using (artificial 
tears, etc.), so the results reported here can be attributed 
solely to the addition of lifitegrast. Based on our findings, 
we recommend assessing and optimizing the ocular sur-
face before final biometry is performed in all cataract 
surgery candidates.

In conclusion, this study illustrates that cataract 
patients with dry eye can be treated with lifitegrast 5% 
before surgery to improve the optical quality of the ante-
rior corneal tear film as evidenced by lowered corneal 
HOAs, which in turn increases the accuracy of predicting 
post-operative SE refractive error. Continuing lifitegrast 
after surgical provides a continued improvement in ocular 
surface quality compared to baseline.

Data Sharing Statement
The corresponding author will provide de-identified data 
to any legitimate investigator with a reasonable request for 
5 years from the date of publication.
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