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ABSTRACT

Introduction: Refractive accuracy is crucial for
increasing patient satisfaction after cataract
surgery. Tear film instability caused by dry eye
can lead to inaccurate measurement of corneal
power, which is one of the most important
factors for postoperative refractive calculation.
This study investigated the effect of 2% reba-
mipide ophthalmic suspension on the predicted
refractive accuracy for cataract surgery in
patients with dry eye.
Methods: This single-center, prospective, open-
label study included 35 dry eyes (with tear
breakup time\ 5 s) who underwent cataract
surgery. The patients were treated with reba-
mipide for 4 weeks before the preoperative

examination. In addition to the usual evalua-
tion of biometric variables essential for cataract
surgery, tear breakup time (TBUT), superficial
punctate keratopathy in the central part of the
cornea (C-SPK), corneal higher-order aberra-
tions (HOAs), and predicted postoperative
spherical equivalent (P-SE) were evaluated at
baseline and 4 weeks after dry eye treatment.
The patients’ subjective spherical equivalent (S-
SE) was evaluated 1 month postoperatively. The
difference between S-SE and P-SE was used to
assess the accuracy of the P-SE. Improvement in
TBUT, C-SPK, HOA, and the accuracy of P-SE
after dry eye treatment were analyzed.
Results: The accuracy of the biometry readings
for the achieved P-SE was within 0.25 D in
42.9% and 54.3%; within 0.5 D in 71.4% and
88.6%; and within 0.75 D in 88.6% and 97.1%
of eyes before and after rebamipide treatment,
respectively (p\0.01). TBUT, C-SPK, and HOAs
significantly improved after rebamipide treat-
ment (p\ 0.01).
Conclusion: Rebamipide significantly
improved the corneal surface condition and
accuracy of the predicted postoperative refrac-
tion in dry eyes.
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Key Summary Points

Why carry out this study?

Blurred vision has been ranked at the top
of the list of postoperative patient
dissatisfaction (68%) in cataract surgery
and is mainly (57%) caused by the
inaccuracy of predicted postoperative
refraction.

One of the main causes of inaccuracy in
predicted postoperative refraction is
ocular surface irregularity, which is often
induced by tear film instability in dry
eyes.

We hypothesize that dry eye treatment
with 2% rebamipide ophthalmic
suspension may improve the accuracy of
predicted postoperative refraction.

What was learned from the study?

This study demonstrated that preoperative
dry eye treatment with rebamipide may be
useful for improving the quality of ocular
surface conditions, as evidenced by the
improvement in tear breakup time,
corneal higher-order aberrations, and
superficial punctate keratopathy in the
central part of the cornea.

Preoperative dry eye treatment with
rebamipide can lead to an increase in the
accuracy of predicting postoperative
refraction.

Preoperative dry eye treatment with
rebamipide may be an option for
improving the accuracy of intraocular lens
power calculation.

INTRODUCTION

Cataract is highly prevalent in Japan, with
24.2% of individuals in all age groups and
41.7% in those over 80 years of age requiring

cataract surgery [1]. Currently, a high level of
refractive accuracy is expected by patients
undergoing cataract surgery [2]. Blurred vision
has been ranked at the top of the list of post-
operative patient dissatisfaction (68%) and is
mainly (57%) caused by postoperative refractive
error [3].

The accuracy of postoperative refraction
relies on the accurate choice of intraocular lens
(IOL) power. The IOL power calculation equa-
tions require various biometric factors, includ-
ing corneal curvature, axial length (AL), and
anterior chamber depth (ACD). Among these
variables, corneal curvature is the most influ-
ential refractive factor in optical systems;
therefore, accurate measurement is crucial for
minimizing postoperative refractive error [3, 4].
However, the accuracy of corneal power mea-
surements has not improved significantly,
despite marked improvements in AL and ACD
measurements with the advent of optical
coherence tomography and new biometrics
approaches [5]. The inaccuracy of corneal power
measurements is particularly significant in cases
with ocular surface irregularity. The most com-
mon cause of preoperative ocular surface irreg-
ularity is dry eye [6].

Fluctuation and irregularity of the tear film
can also cause intra-patient discrepancies in
corneal power measurements [7]. Epitropoulos
et al. [8] demonstrated a difference of as much
as 0.5 D in IOL power calculations during dif-
ferent visits in patients with dry eye.

Regarding the epidemiology of dry eye in
patients undergoing cataract surgery, in the
PHACO study [9], approximately 60% of
patients showed rapid tear breakup time
(TBUT), and about 35% of patients had super-
ficial punctate keratopathy in the central part of
the cornea (C-SPK). A previous study reported
that higher-order aberrations (HOAs) measured
in patients with dry eye and C-SPK were signif-
icantly higher than in patients with dry eye
without C-SPK [10]. These results may imply
that a significant number of patients undergo-
ing cataract surgery may be vulnerable to ocular
surface irregularity and inaccurate corneal
power measurements.

Hovanesian et al. [11] reported that dry eye
treatment with a 5% lifitegrast ophthalmic
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solution improved corneal surface conditions,
as evidenced by lowered corneal HOAs. They
concluded that dry eye treatment with this
solution improved the accuracy of the predicted
postoperative refraction. However, 5% lifite-
grast was not available in the Japanese market
until July 2021.

Rebamipide (Otsuka Pharmaceutical Co.,
Ltd., Tokyo, Japan) is a secretagogue that has
the ability to increase mucin-like substances
and decrease inflammatory cytokines, thereby
increasing the stability of the tear film and
decreasing ocular surface irregularity [12].
Moreover, the production of a mucin-like gly-
coprotein and expression of MUC1 and MUC4
were identified when human corneal epithelial
cells were cultured with rebamipide [13], indi-
cating that rebamipide may improve corneal
epithelium damage, such as C-SPK [13]. How-
ever, no research has investigated whether dry
eye treatment with rebamipide can improve the
accuracy of predicted postoperative refraction,
despite the clarification of the mechanism of
action and effectiveness of rebamipide in dry
eye.

Therefore, we hypothesized the following:
First, ocular surface irregularity may be amelio-
rated by improving the condition of the corneal
epithelium as well as tear film stability by the
preoperative administration of rebamipide.
Second, improved corneal surface conditions
may increase the accuracy and decrease intra-
patient discrepancies in corneal power mea-
surement. Thus, postoperative refractive errors
may be reduced.

Hence, in this study, we investigated the
effect of dry eye treatment with rebamipide on
the improvement of refractive accuracy in cat-
aract surgery, with a view to improving the
accuracy of IOL power calculation in dry eyes.

METHODS

The ethical committees of Yokosuka Chuo Eye
Clinic and Tsurumi Chuo Eye Clinic approved
this study. The study adhered to the tenets of
the Declaration of Helsinki throughout the data
collection process. After providing detailed
information regarding this research, written

informed consent was obtained from all
patients for participation in this study and
publication of the resulting data.

Patients

This single-center, prospective, open-label study
included 35 eyes from 35 patients. All patients
were scheduled for cataract surgery and were
diagnosed with dry eye based on the Japanese
dry eye diagnostic criteria of TBUT B 5 s and
the presence of symptoms such as pain, dis-
comfort, or visual disturbance related to dry eye
[14]. We assessed the subjective symptoms
based on the Japanese version of the Ocular
Surface Disease Index (J-OSDI) [15]. However,
scoring the subjective symptoms is not included
in the Japanese definition of dry eye; thus, we
did not quantify those symptoms in this study.

Patients with the following medical history
were excluded: ocular trauma, ocular inflam-
mation, ocular scarring, dystrophy, and other
conditions that can cause irregularity in the
corneal surface. Additionally, patients with a
history of previous ocular surgery or the use of
contact lenses were excluded.

All patients received a 4-week dry eye treat-
ment with 2% rebamipide ophthalmic suspen-
sion before the preoperative evaluation of
essential biometric variables for cataract sur-
gery. All biometric variables were evaluated by
the same examiner using the same device before
and after dry eye treatment.

Dry Eye Treatment

Patients used only 2% rebamipide ophthalmic
suspension (Mucosta Ophthalmic Suspension
UD2%; Otsuka Pharmaceutical Co.) four times a
day, for 4 weeks, before the preoperative exam-
ination for cataract surgery (use of any other eye
drops was prohibited). Nurses checked the
patients’ treatment adherence on the examina-
tion date.

Ophthalmol Ther (2022) 11:603–611 605



Examination of Tear Function, Ocular
Surface Condition, Corneal Power,
and Accuracy of Predicted Postoperative
Spherical Equivalent

Ocular evaluations were performed at baseline
and after 4 weeks of dry eye treatment, as fol-
lows. The doctor used fluorescein dye to assess
the ocular staining and TBUT. A fluorescein
strip was moistened with saline, the excess fluid
was removed, and the strip was placed close to
the inferior bulbar conjunctiva. Patients were
instructed to blink a few times. TBUT was then
measured using a metronome, and the mean
was calculated. Fluorescein corneal staining was
evaluated in the center of the cornea per the
National Eye Institute/Industry Workshop
method [16]. The degree of C-SPK was scored
from 0 to 3, with 0 = none, 1 = mild, 2 = mod-
erate, and 3 = severe. The CASIA 2 (Tomey
Corporation, Nagoya, Japan) was used to assess
HOAs within a 4-mm area from the center of
the cornea and also provided a detailed model
of the optical properties of the cornea repre-
sented by Zernike polynomials. HOAs are a
combined value of the magnitude of the third
to sixth order calculated as the root mean
square. Corneal power was measured using the
IOLMaster 700 (Carl Zeiss Meditec AG, Jena,
Germany). The predicted postoperative spheri-
cal equivalent (P-SE) was calculated with the
Barrett Universal II IOL calculation formula
[17].

Subjective postoperative visual acuity was
evaluated 1 month postoperatively. The abso-
lute difference between the subjective postop-
erative spherical equivalent (S-SE) and P-SE was
regarded as the accuracy of P-SE. The accuracy
of P-SE was compared between pre-and post-dry
eye treatments. Additionally, the average accu-
racy of P-SE in both pre- and post-dry eye
treatment calculated using the Barrett Universal
II IOL calculation formula was compared with
the accuracy of P-SE in a large-scale study in
which dry eye was not considered as a criterion
[18].

Statistical Analysis

All statistical analyses were performed using the
Bell Curve for Excel software, 1.03 (Social Sur-
vey Research Information Co., Ltd., Tokyo,
Japan). Post hoc power analysis was used to
investigate the power of our tests for a given
sample size (n = 35).

After dry eye treatment, the differences in
C-SPK and HOAs and the accuracy of P-SE
between pre- and post-dry eye treatment were
analyzed using the Wilcoxon signed-rank test. A
value of p\0.05 was considered statistically
significant.

RESULTS

Thirty-five eyes of 35 patients (18 men and 17
women) were diagnosed with dry eye and were
administered rebamipide for 4 weeks before
preoperative examination for cataract surgery.
The ages of the patients ranged from 62 to
85 years (mean, 74.5 ± 6.2 years).

The nurses confirmed that the treatment
program was followed by all patients. There
were no adverse effects during the investigation.
The post hoc power analysis showed that for an
effect size of d = 0.5, Wilcoxon signed-rank tests
had very good power (80.0%).

Regarding essential biometric variables for
the calculation of predicted postoperative
refraction, the mean absolute differences
(mean ± SD) between pre- and post-dry eye
treatment were determined. The mean absolute
differences in AL and ACD were
0.02 ± 0.02 mm and 0.04 ± 0.03 mm, respec-
tively. The mean absolute differences in steep
and flat keratometry values were 0.27 ± 0.14 D
and 0.29 ± 0.16 D, respectively. The mean
absolute difference in the meridian of the steep
keratometric axis was 12.48 ± 9.48.

The accuracy of P-SE was within 0.25 D in
42.9% of eyes before and 54.3% of eyes after dry
eye treatment, within 0.5 D in 71.0% of eyes
before and 88.6% of eyes after dry eye treat-
ment, within 0.75 D in 88.6% of eyes before and
97.1% of eyes after dry eye treatment, and
within 1.0 D in 97.1% of eyes before and 100%
of eyes after dry eye treatment (Fig. 1). In each
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category, the accuracy of P-SE after dry eye
treatment was significantly higher than that
before dry eye treatment (p\ 0.01).

The average accuracy of P-SE for pre- and
post-dry eye treatment was within 0.25 D in
48.6%, within 0.5 D in 79.8%, within 0.75 D in
92.9%, and within 1.0 D in 98.6% of patients.
Figure 1 also shows the comparison between the
average accuracy of P-SE for both pre- and post-
dry eye treatment and the previously reported
accuracy of P-SE based on the Barrett Universal
II IOL calculation equation [18].

TBUT increased significantly after dry eye
treatment (p\0.01; Table 1). After dry eye
treatment, C-SPK and HOAs decreased signifi-
cantly (p\0.01; Table 1). The most relevant
datasets are presented in Table S1 and Table S2.

DISCUSSION

To the best of our knowledge, no previous study
has shown that dry eye treatment with reba-
mipide ophthalmic suspension improves the
refractive accuracy of cataract surgery. Our

Fig. 1 Accuracy of predicted postoperative spherical
equivalent (P-SE). Pre-treatment, pre-dry eye treatment
with rebamipide; post-treatment, post-dry eye treatment
with rebamipide; Average, average of both pre- and post-
dry eye treatment with rebamipide; Barrett, reference data
from a large-scale study [18]. X axis: absolute difference

between subjective postoperative spherical equivalent and
predicted postoperative spherical equivalent; D diopter.
Y axis: proportion of patients

Table 1 Difference in TBUT, HOAs, and C-SPK pre-
and post-dry eye treatment

Pre-treatment Post-treatment p

TBUT 2.67 ± 1.02 4.20 ± 0.98 p\ 0.01

HOAs 0.32 ± 0.04 0.27 ± 0.03 p\ 0.01

C-SPK 0.97 ± 0.89 0.49 ± 0.56 p\ 0.01

TBUT tear breakup time, HOAs higher-order aberrations,
C-SPK superficial punctate keratopathy in central part of
cornea
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findings demonstrated a significant improve-
ment in the accuracy of P-SE after dry eye
treatment with rebamipide.

These results are comparable to those of a
recently published study which indicated that
dry eye treatment with another eye drop, 5%
lifitegrast ophthalmic solution, increased the
accuracy of P-SE [11]. In addition, our research
also illustrated that the accuracy of P-SE in both
pre- and post-dry eye treatment in our study
was comparable to that of P-SE calculated with
the Barrett Universal II IOL calculation equation
in a previous large-scale study [18]. The accu-
racy of the P-SE pre-dry eye treatment was lower
and that post-dry eye treatment was higher
than the values indicated in the previous large-
scale study [18]. These results indicate the pos-
sibility that dry eye treatment with rebamipide
may increase the accuracy of well-established
IOL calculation equations.

Preoperative dry eye treatment with rebami-
pide can be a useful option for improving the
quality of vision and increasing patient satis-
faction after cataract surgery. A previous study
demonstrated that patients with dry eye have
larger HOAs than patients without dry eye, and
the increase in HOAs in dry eyes is mainly
induced by an increase in tear film instability
[19]. Another study theorized that tear film
instability causes the tear film to break up
rapidly and thicken irregularly [13]. Roh et al.
[20] reported that corneal power measurements
determined with the IOLMaster 700 (Carl Zeiss
Meditec AG) were less accurate in patients with
marked HOAs. Furthermore, Koh et al. reported
that the number of HOAs measured in patients
with dry eye and C-SPK was higher than those
measured in patients with dry eye without
C-SPK [21]. Previous studies have indicated the
effectiveness of rebamipide in improving HOAs
[21, 22]. It has also been reported that rebami-
pide positively affects the corneal epithelial
layer by improving the structural irregularities
and increasing the growth of corneal epithelial
cells, which leads to the improvement of C-SPK
[13, 23]. These reports support our findings,
where TBUT increased and C-SPK decreased
significantly following dry eye treatment with
rebamipide. These findings indicate that ocular
surface condition improved after dry eye

treatment. As a result, HOAs, which quantify
corneal irregularity, also decreased significantly.

Additionally, previous studies have demon-
strated that the improvement in ocular surface
irregularity increased the accuracy of measure-
ment of corneal power and predicted postoper-
ative refraction [7, 11, 24]. Our main findings,
where P-SE significantly improved after dry eye
treatment with rebamipide, may be supported
by these reports. To the best of our knowledge,
this has not been reported previously.

There are some limitations to our study. One
limitation of this research is the absence of a
control group. Preservative-free artificial tears
may show a similar effect on variables in this
study. This should be investigated in further
research. Several previous studies, including our
study, used 0.25 D error to determine the
accuracy of postoperative refraction; however,
since most manufactured IOLs are in steps of 0.5
D, an error of 0.25 D may be inevitable. There-
fore, this should be taken into consideration.
Additionally, we investigated the data using
only the Barrett Universal II IOL calculation
formula. The result may be different from that
with other IOL calculation formulas, which
include keratometry as one of the variables.
Therefore, it may be more convincing if the
same results are seen with other IOL calculation
formulas in future research. Regarding the
sample size, post hoc power analysis revealed
80% power to detect medium (d = 0.5) effect
sizes by the Wilcoxon signed-rank test, but the
sample size was still relatively small. Therefore,
we may consider the findings of these tests to be
strongly indicative rather than conclusive.
Another limitation is that we used the Japanese
definition of dry eye, which is different from
that of other scientific definitions, such as the
Adelphi and DEWS dry eye study [25]. Epi-
demiological studies showed that the short
TBUT type of dry eye is more common in Japan
and other Asian countries compared to the
other types of dry eye disease [26, 27]. The Asia
Dry Eye Society (ADES) was established in 2014,
and they formulated the current definition of
dry eye and its diagnostic criteria [28]. Regard-
ing the severity of dry eye, ADES reported a
discrepancy between severe symptoms and
severe signs (ocular surface damage) in the short

608 Ophthalmol Ther (2022) 11:603–611



TBUT type of dry eye [28]. However, further
research using other dry eye definitions is nec-
essary to evaluate whether these different defi-
nitions of dry eye could affect our findings.
Additionally, we evaluated C-SPK using a basic
four-point scale of the National Eye Institute/
Industry Workshop method. The use of a dif-
ferent scoring system for regional SPK, such as
the Oxford grading system [29], may be more
suitable for scrutinizing how C-SPK affects cor-
neal surface conditions and the accuracy of
P-SE.

Lastly, comparing the effectiveness of dif-
ferent types of dry eye treatments in improving
refractive accuracy in cataract surgery may be of
value.

CONCLUSION

This study demonstrated that preoperative dry
eye treatment with rebamipide may be useful in
improving the quality of ocular surface condi-
tions, as evidenced by the increase in TBUT and
reduction in HOAs and C-SPK scores. These
effects can lead to an increase in the accuracy of
predicting postoperative refraction. Preopera-
tive dry eye treatment with rebamipide may be
an option for improving the accuracy of post-
operative refraction calculation. The results of
this research imply that other dry eye treatment
methods may also have the ability to improve
the refractive accuracy of cataract surgery and
that preoperative dry eye treatment may be a
promising option for increasing patient
satisfaction.
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