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Purpose: To evaluate the effects of a hydroxypropyl guar (HPG) and hyaluronic acid (HA)
ophthalmic solution in terms of post-cataract surgery dry-eye disease (DED) prevention.
Patients and Methods: In this retrospective study, the data of 419 patients not previously
affected by DED, who had undergone unilateral cataract surgery in 17 Italian centers with
different perioperative lubricating regimens, were retrospectively reviewed. Patients who had
instilled HPG/HA solution 3 times/day in the preoperative week and for two postoperative
months were included in group A; group B only instilled HPG/HA for two postoperative
months; group C did not instill any perioperative artificial tears. All patients followed the
same antibiotic and anti-inflammatory postoperative topical regimen. The scores of SPEED
(Standard Patient Evaluation of Eye Dryness) questionnaire, tear break-up time (BUT) and
corneal fluorescein staining (CFS, Oxford scale), performed at the preoperative visit and at
one, four and eight postoperative weeks, were evaluated.

Results: In groups A and B, the SPEED scores were significantly lower than group C in the
whole postoperative period. In group A, the SPEED scores were significantly lower than
group B 1 and 4 weeks after surgery (p<0.001 and p=0.021). In group C, 25% of patients
reported symptom scores corresponding to mild-moderate dry eye 4 and 8 weeks after
surgery. The fluorescein tear BUT in groups A and B was significantly higher than group
C in the whole postoperative period (p<0.001). In group A, BUT was significantly higher
than group B 4 weeks after surgery (p=0.016). More patients showed no corneal fluorescein
staining (CFS grade=0) in groups A and B than group C at all the postoperative visits.
Conclusion: The hydroxypropyl guar and hyaluronic acid ophthalmic solution was effective
at reducing post-cataract surgery ocular discomfort and tear instability, particularly if also
administered in the preoperative period.

Keywords: dry eye, cataract surgery, artificial tears, hydroxypropyl guar, hyaluronic acid,
ocular surface

Introduction

Cataract surgery is one of the main causes of iatrogenic dry-eye disease (DED):' it
can both induce dry-eye symptoms in approximately one-third of patients® and
exacerbate preexisting dry eye. Moreover, symptoms may be combined with
a reduced tear film stability and an increase in ocular surface staining,® and these
alterations may persist up to 3 months after surgery.* However, the real incidence of
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dry-eye disease after cataract surgery is not known, due to
discrepancy between symptoms and signs, difficulties in
formulating the diagnosis, and possible pre-existing dry
eye. 137

Several factors may contribute to DED after cataract
surgery, such as topical anesthesia, benzalkonium chloride—
containing eyedrops, anterior segment tissue exposure to
ultrasound and exposure to intense light from the operating
microscope.®

Since DED symptoms can reduce patients’ quality of
life, affecting their ability to perform daily activities,’
timely and effective diagnosis and treatment are necessary
for cataract patients.'® Moreover, preoperative identifica-
tion of patients with DED is crucial in order to prevent its
exacerbation;*”” nevertheless, optimizing their ocular sur-
face before surgery may be useful for all phacoemulsifica-
tion candidates.''

Artificial tears are the first-line treatment for DED."°
The two polymers hydroxypropyl guar (HPG) and hya-
luronic acid (HA) are important constituents of many
commercially available lubricating eyedrops. Together
they are the main components of Systane Idra (Alcon
Laboratories, Fort Worth, TX, USA), an ophthalmic for-
mulation which contains HPG 0.175%, HA 0.15%, the
demulcents propylene glycol (PG) and polyethylene glycol
(PEQ), sorbitol, aminomethylpropanol, boric acid, sodium
borate, ethylenediaminetetraacetic acid (EDTA), sodium
citrate, potassium chloride, sodium chloride, 0.001%
Polyquad (polidronium chloride), and which is approved
for the treatment of DED.'?

Hydroxypropyl guar (HPG) is a mucomimetic gel-
lable agent, with rheological properties very similar to
those of tears.' The efficacy of HPG ophthalmic solution
in the treatment of DED after cataract surgery has been
proved by clinical studies.'*'> Hyaluronic acid (HA),
a mucopolysaccharide, is the key component of the extra-
cellular matrix, plays a critical role in cell proliferation,
anti-inflammation and wound repair, and has viscoelastic
and hygroscopic properties.'®!” The efficacy of the HPG/
HA combination in the treatment of dry eye has already
been reported by a randomized double-masked clinical
study.'?

The purpose of our study was to retrospectively eval-
uate the effects of a hydroxypropyl guar and hyaluronic
acid ophthalmic solution on post-cataract surgery dry-eye
disease when instilled for 7 days before surgery and for

eight postoperative weeks.

Patients and Methods

In this retrospective observational multicenter cohort
study, the records of 419 patients not previously affected
by dry eye, who had undergone unilateral cataract surgery
(phacoemulsification and intraocular lens implantation) in
17 ophthalmic centers in Italy, were evaluated. The study
was performed in compliance with good clinical practice
and was consistent with the tenets outlined in the
Declaration of Helsinki. Written informed consent was
obtained from all participants. The study was approved
by the Ethics committee of the University of Florence.
The data of a maximum of 30 patients were collected in
each single center, and then they were sent in anonymous
form to the coordinating center (Eye clinic, University of
Florence, Italy) and analyzed. The coordinating center
received the data of 499 patients, of which 80 were
excluded because either the inclusion criteria were not
met, or exclusion criteria were present.

The inclusion criteria were: patients affected by uncom-
plicated cataract, patients older than 50 years who under-
went uncomplicated standard phacoemulsification, with
clear corneal incision and IOL implantation in the capsular
bag, between September 2017 and March 2018; postopera-
tive topical antiflammatory and antibiotic treatment which
consisted in dexamethasone + tobramycin 4 times a day for
10 days, nepafenac 0.1% eyedrops 3 times a day for 1
month; the administration of HPG/HA ophthalmic solution
3 times/day in the preoperative week and for 2 postoperative
months (group A), or HPG/HA for only two postoperative
months (group B), or no perioperative lubricant eyedrops
(group C); the availability of clinical records of the preo-
perative visit (between 30 and 7 days before surgery) and at
least the 1-week (7 &= 2 days after surgery), 4-week (28 £ 3
days) and 8-week (56 £ 3 days) postoperative follow-ups,
including dry-eye diagnostic tests (Schirmer test I without
anesthesia at least at the preoperative visit, Standard Patient
Evaluation of Eye Dryness, SPEED questionnaire, break-up
time with fluorescein, BUT, corneal fluorescein staining,
CFS, evaluated using the Oxford scale). The exclusion
criteria were dry-eye disease diagnosed before cataract sur-
gery (defined as a score of Schirmer test without anesthesia
lower than 7.0 mm in 5 minutes, BUT lower than 10
seconds and SPEED questionnaire score >4, corneal fluor-
escein staining score >1 at the preoperative visit); concur-
rent ocular diseases that could affect the study results (eg
anatomic or functional eyelid abnormalities, lagophthalmos,
floppy eyelid syndrome); instillation of lubricant eyedrops
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in the month prior to the preoperative visit; administration in
the perioperative period of eyedrops not mentioned in the
inclusion criteria; use of systemic drugs that may contribute
to dry-eye disease (antihistamine, decongestant, spasmolytic
and antidepressant drugs); diabetes; modification of topical
and systemic therapy during the course of the study;
complicated cataract surgery and/or use of sutures during
surgery, corneal limbal relaxing incisions, femtosecond
laser-assisted cataract surgery; anterior corneal dystrophy;
corneal leucoma; contact lens use; previous ocular surgery
in the study eye.

Tear BUT was performed in all centers after fluorescein
instillation (invasive BUT).

Corneal fluorescein staining (CFS) was evaluated using
the Oxford grading scale which divides corneal staining
into 6 grades, according to the severity, from 0 (absent) to
5 (severe).'®

The SPEED questionnaire'® is composed of 8 items and
evaluates the frequency and severity of 4 symptoms (dryness,
grittiness or scratchiness; soreness or irritation; burning or
watering; eye fatigue), using a 0-3 scale for frequency (0=
never, 1=sometimes, 2=often, 3=constant) and a 0—4 scale for
severity (0= no problems, 1= tolerable, 2=uncomfortable,
3=bothersome, 4=intolerable). A score <4 was considered as
not associated with dry-eye disease, 4-9 mild dry eye, >10
moderate or severe dry eye, according to previous studies.?%?'

The demographic characteristics, the results of Schirmer
test [ performed at the preoperative visit, and the scores of the
SPEED questionnaire, BUT and CFS, performed at each visit
in the study eye, were reviewed and analyzed for this retro-
spective study.

Statistical Analysis

Data were calculated as the mean =+ standard deviation (SD).
Between-group comparisons of age, Schirmer test, SPEED
scores and BUT were performed using analysis of variance
(one-way ANOVA) followed by Tukey post-hoc test.
Within-group comparisons were made using paired t-tests.
Correlations were analyzed using Spearman test. Between-
group comparisons of CFS were performed using chi-square
test. A p-value lower than 0.05 was considered statistically
significant. The analyses were performed using RStudio and
Stata 12 software (StataCorp, College Station, TX).

Results

In this study 419 eyes of 419 patients with a mean age of
72.5 + 8.85 years (min 50, max 97), 70% females, 30%
men, were included. Group A comprised 139 patients,

group B and group C 140 patients each. Preoperative
Schirmer test I, SPEED scores, BUT values and CFS
score distributions were similar between groups (Table 1).

Regarding the mean SPEED questionnaire scores
(Table 2), while in groups A and B they remained stable
after cataract surgery, in group C (no perioperative lubricant
eyedrops) they significantly increased, especially at 4 weeks
(p<0.001). In groups A and B, the SPEED scores were sig-
nificantly lower than group C in the whole postoperative
period; at eight postoperative weeks the difference between
groups C and A was 3.28 (95% confidence interval, CI, 2.66 to
3.90, p<0.001), the difference between groups C and B was
2.84 (95% CI 2.22 to 3.50, p<0.001). Group A (preoperative
lubricant eyedrops) SPEED scores were significantly lower
than group B 1 and 4 weeks after surgery: at 1 week the
difference between groups B and A was 0.96 (95% confidence
interval, CI, 0.41 to 1.51, p <0.001), at 4 weeks it was 0.71
(95% CI 0.09 to 1.32, p=0.021). Eight weeks after surgery
group A and group B scores were similar, with a difference of
0.44 (95% CI —0.18 to 1.06, p=0.218). (Figure 1) Although
mean SPEED scores were below or equal to 4 (no dry eye)
even after surgery in all groups, the box and whisker plots
(Figure 2) show that in group C 25% of patients had values
between 7 and 10 after 4 weeks and between 7 and 13 (mild/
moderate dry-eye symptoms) after 8 weeks.

The fluorescein tear BUT (Table 2) was significantly
higher in groups A and B than in group C (no lubricant
eyedrops) in the whole postoperative period (p<0.001)
(Figure 3). In group A (perioperative artificial tears), it
was statistically significantly higher than group B 4 weeks
after surgery, even though the difference was small and not
clinically significant (0.88, 95% CI1 0.13, 1.64, p=0.016). In
all the 3 groups there was a statistically significant reduction
in BUT scores after 1 week (p<0.001), but the differences

Table | Preoperative Data of Enrolled Patients

Group A Group B Group C p-value

Age (years) 7254 £ 856 | 71.58 £9.49 | 7342 +£839 | 0.228
Schirmer test 12.79 + 495 | 1341 £ 550 | 12.60 + 4.04 | 0.344
I (mm)
SPEED score 1.70 + .44 1.68 + 1.47 1.63 + |.58 0.907
BUT (s) 11.87 £2.09 | 1212242 | 11.90 + 241 | 0613
CFS score n(%)

0 90 (64.7%) 98 (70%) 106 (75.7%) | 0.135

| 49 (35.3%) 42 (30%) 34 (24.3%)

Note: Age, Schirmer test |, SPEED score and BUT are reported as mean + SD.
Abbreviations: SPEED, Standard Patient Evaluation of Eye Dryness; BUT, break-up
time; CFS, corneal fluorescein staining; SD, standard deviation.
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Table 2 SPEED Questionnaire and BUT Values

Group A Group B Group C p-value (ANOVA) p-value (Tukey Post-Hoc Test)
AvsB Avs C BvsC

SPEED score

Preop 1.70 £+ 1.44 1.68 + 1.47 1.63 £ 1.58 0.907

I wk 124 £ 1.17 219+ 182 281 +258 0.000 0.000 0.000 0.024

4 wk 0.92 £ 1.05 1.63 + 1.82 39+3.16 0.000 0.021 0.000 0.000

8 wk 0.71 £0.93 .14 £ 1.44 3.98 +3.38 0.000 0.218 0.000 0.000
BUT (s)

Preop 11.87 £ 2.09 12.12 £ 2.42 11.90 £ 2.41 0.613

I wk 11.10 £ 2.51 10.76 = 2.94 9.36 + 2.67 0.000 0.552 0.000 0.000

4 wk 11.94 £ 2.30 11.06 +2.96 11.06 +2.96 0.000 0.016 0.000 0.000

8 wk 12.36 = 2.40 11.84 +£2.78 9.57 +2.83 0.000 0.232 0.000 0.000

Notes: Results are reported mean + SD. P-values highlighted in bold are statistically significant.
Abbreviations: SPEED, Standard Patient Evaluation of Eye Dryness; BUT, break-up time; SD, standard deviation; preop, preoperative; wk, week; s, seconds; ANOVA,

analysis of variance; vs, versus.

between preoperative and 1-week values were not clinically
significant (lower than 2 s); only in group C BUT dropped
below 10. BUT returned similar to preoperative values at 4
weeks in group A, at 8 weeks in group B, and remained
significantly lower in group C during the whole postopera-
tive period (p<0.001). (Table 2 and Figure 3)

At eight postoperative weeks, the SPEED scores were
inversely correlated with the BUT scores with a linear
relationship (r=—0.5179, p<0.001).

The distributions of CFS grades were significantly
different in groups A and B compared to group C in the
postoperative periods; more patients showed no corneal
fluorescein staining (CFS grade=0) in groups A and
B than group C at all the postoperative visits (Figure 4).

SPEED
5.0

4.0

35 J 1
30 T

<
[*]
@
g 25 J:p<OA001
L =
g 20 1 p=0.021
15 I 1 p=0.%_18
10
05
0.0
preop 1wk 4wk 8wk
=8=group A group B group C

Figure | SPEED questionnaire scores.
Note: Results are reported as mean * standard error.
Abbreviations: SPEED, Standard Patient Evaluation of Eye Dryness; wk, week.

The distributions of CFS scores in groups A and B were
similar (p>0.05), except for week 4 (p=0.013), when the
percentage of CFS>1 in group B was higher.

Discussion

Cataract is one of the leading causes of visual impairment in
the world,?* and the risk of experiencing dry-eye disease after
phacoemulsification is significant, especially if other risk
factors, such as age, female sex, concurrent use of systemic
or topical drugs, diabetes, preoperative ocular surface disease,
contact lens use, are present."*” Nevertheless, post-cataract
surgery dry eye may also occur in the absence of preoperative
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Figure 2 Distributions of SPEED questionnaire scores, represented as box and
whisker plots.

Notes: The bottom line of the box represents the first quartile value of SPEED
scores, the top line of the box indicates the third quartile value. The middle line
represents the median. Whiskers represent minimum and maximum values. Dots
represent outliers, extreme values are marked with an asterisk (¥).
Abbreviations: SPEED, Standard Patient Evaluation of Eye Dryness; wk, week.
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Figure 3 Fluorescein tear break-up time at each study visit.
Abbreviations: BUT, break-up time; s, seconds; wk, week.

significant ocular surface impairment or risk factors. It is
often a transient condition, but it may become chronic in
10% of cases, leading to a decrease in quality of life."

In our retrospective study, we have analyzed the
records of patients not previously affected by DED, who
underwent phacoemulsification for senile cataract, and
who were prescribed different perioperative lubricating
treatment regimens. In particular, our purpose was to eval-
uate the effects of an HPG/HA ophthalmic solution on
ocular signs and symptoms of DED after cataract surgery,
if administered from 7 days before surgery to 8 weeks
postoperatively, compared to the postoperative administra-

tion only or no perioperative administration.

1,3,4,10,11
10 e

In our study, similarly to previous reports,
found an increase of DED symptoms and an impairment of
tear film stability, evaluated using BUT, especially in the
group which did not receive the HPG/HA solution.

Regarding the ocular symptoms of DED, we found differ-
ences between groups: while in groups treated with artificial
tears the SPEED score remained stable after cataract surgery
compared to preoperative values, in group C (no perioperative
lubricant eyedrops) it significantly increased (meaning more
ocular symptoms) at one postoperative week. Moreover, in the
two treated groups, the SPEED scores were significantly lower
than the non-treated group, and patients who administered
HPG/HA solution from seven preoperative days reported
fewer symptoms in the first four postoperative weeks rather
than those treated only postoperatively. Interestingly, consider-
ing the SPEED score distribution, 25% of patients not treated
with artificial tears reported mild-moderate dry-eye symptoms
4 and 8 weeks after surgery.

Regarding tear fluorescein BUT, an indicator of tear film
stability,' in all the three groups, it statistically significantly
decreased compared to preoperative values, but not clini-
cally significantly in the two groups treated with HPG/HA
solution (the difference was lower than 2 seconds); more-
over, in the not-treated group alone BUT dropped below 10.
The return to the preoperative value was faster in the group
treated preoperatively than the group treated only after
surgery, and BUT remained significantly lower in the not-
treated patients at 8 weeks.

CFS-group A CFS-group B CFS-group C
100% 0.7% 100% 1.4% ageyo, 100%
’ 5.0%
90% 90% 90%
80% 80% 80%
70% 70% 70%
60% 60% 60%
50% 50% 50%
40% 40% 40%
30% 30% 30%
20% 20% 20%
10% 10% 10%
0% 0% 0%
preop 1wk 4wk 8wk preop 1wk 4wk 8wk preop 1wk 4wk 8wk
A m0 w1 w203 B "0 w1 w203 m4 C m0 w1 w23 m4
Figure 4 Corneal fluorescein staining (Oxford scale) distributions in group A (A), group B (B) and group C (C) at each study visit.
Abbreviations: CFS, corneal fluorescein staining; wk, week.
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In our patients, BUT was inversely correlated with the
SPEED questionnaire scores, indicating a good correspon-
dence between signs and symptoms.

The postoperative corneal fluorescein staining was signifi-
cantly better in the groups treated with the HPG/HA solution,
indicating less corneal damage and inflammation in those
patients compared to those who did not administer artificial
tears.

The changes in ocular signs and symptoms of DED
during the study period were generally lower than in other

reports, 134,11

in the group not treated with artificial tears
as well: a possible cause is the inclusion of patients with-
out pre-existing dry eye or risk factors.

The main limitations of our study are the retrospective
and multicentric design, which do not assure a complete
standardization of the surgical technique (eg position of
the main incision, number of mydriatic and anesthetic
drops, duration of surgery, ultrasound exposure); however,
in order to have homogeneous groups, strict inclusion and
exclusion criteria were chosen, and the multicentric design
permitted the enrollment of a large number of patients.

In our study, the HPG/HA solution, especially if adminis-
tered preoperatively, showed a protective effect from iatro-
genic DED: this highlights the importance of improving the
homeostasis of the ocular surface not only in patients with
established dry eye but also in patients without other evident
risk factors for DED or without significant ocular surface
impairment. The optimization of the ocular surface before
cataract surgery can influence the postoperative outcome,
reducing the risk of ocular symptoms and visual disturbances,
or even biometric errors, important especially if premium
intraocular lenses are implanted. Moreover, the combination
of hydroxypropyl guar and hyaluronic acid in a single lubri-
cant formulation can be advantageous, as it provides the
properties of both polymers, potentially enhancing their ben-
eficial effects; this may result in greater ocular surface hydra-

tion and protection, and longer retention time.'***

Conclusion

The hydroxypropyl guar and hyaluronic acid ophthalmic
solution was effective in protecting the ocular surface, redu-
cing post-cataract surgery dry-eye signs and symptoms, par-
ticularly if administered in the preoperative period.
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