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Purpose: Artificial tears only provide transient relief for dry eye. To the best of our

knowledge, this is the first study to objectively compare treatment with artificial tears with

Keratograph 5M, which allows accurate and objective investigation of dry eye and artificial

tear treatment. We aimed to evaluate whether a preservative-free combination of 0.4%

hyaluronic acid and 0.2% galactoxyloglucan can improve dry eye using the new topographer,

Keratograph 5M.

Patients and Methods: This prospective longitudinal, single-arm interventional cohort

study was performed at a tertiary referral center and involved 20 patients with dry eye (40

eyes). Preservative-free artificial tears were administered every 3 h. The participants under-

went clinical and instrumental evaluations at baseline, 15, 30, 60, 90 and 120 min after

instillation and 1 week and 1 month after treatment. Baseline values were considered as the

controls. All patients were assessed with Keratograph 5M for non-invasive Keratograph first

break-up time and non-invasive Keratograph average break-up time, conjunctival hyperemia,

and tear meniscus height. Ocular surface staining with fluorescein was evaluated using the

slit-lamp and fluorescein break-up time examinations, and the Ocular Surface Disease Index

score was recorded for each patient.

Results: The signs and symptoms improved after 1 month of preservative-free 0.4%

hyaluronic acid and 0.2% galactoxyloglucan treatment. There was a significant increase in

the non-invasive Keratograph first break-up time and non-invasive Keratograph average

break-up time at 15, 30, 60, and 90 min, and 1 week and 1 month (P < 0.05) and

a decrease in hyperemia, corneal staining, and Ocular Surface Disease Index scores after 1

week and 1 month (P < 0.05). No treatment-related adverse event was observed.

Conclusion: A combination of 0.4% hyaluronic acid and 0.2% galactoxyloglucan artificial

tears seems effective for treating dry eye. Keratograph 5M can objectively detect these

changes during the follow-up period.

Keywords: artificial tears, Keratograph, non-invasive Keratograph break-up time, Ocular

Surface Disease Index, dry eye

Introduction
Dry eye is one of the most common pathologies encountered in ophthalmologic

practice and with an estimated prevalence of 14–35% in adults.1,2 Artificial tears are

used worldwide, to treat the signs and symptoms of dry eye, and the dosage depends

on the intensity of the symptoms. However, these treatments only provide transient

relief, as the artificial tears do not treat the underlying condition.
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The preservative-free combination of 0.4% hyaluronic

acid (average 8.5 × 105 Da) obtained from bacterial fer-

mentation and 0.2% galactoxyloglucan (6 × 105 Da),

which is buffered with sodium citrate and citric monohy-

drate acid, is a newly marketed lacrimal substitute. Both

the active ingredients are highly mucoadhesive polymers

with no Newtonian rheology and a high molecular weight.

These properties of the ingredients act synergistically to

protect the ocular surface.3,4 Hyaluronic acid allows for

the retention of water that is up to 1000-fold greater than

its own weight and has a better precorneal residence time

than low viscous solutions.5 Moreover, galactoxyloglucan

is a natural polysaccharide derived from tamarind seeds

with protective barrier properties. Moreover, it increases

the corneal wound healing rate and reduces the in vitro

toxicity of timolol, thiomersal, and fluoroquinolones in

human conjunctival cells.6 It can improve some ocular

surface abnormalities in patients with glaucoma, caused

by exposure to prostaglandins and benzalkonium chloride,

thereby, protecting the ocular surface.7

The purpose of our study was to investigate the effect

of these artificial tears on dry eye by measuring the fol-

lowing parameters using the topographer, Keratograph 5M

(OculusOptikgeräte GmbH, Wetzlar, Germany): Primary,

non-invasive Keratograph first tear break-up time (time

elapsed in seconds from the last blink until the first

break in the tear film) and non-invasive Keratograph aver-

age break-up time (average time of all the tear film break-

ups) during the first 120 min after instillation and after

1 month of treatment. The secondary objective, was to

investigate the effect of these artificial tears taking mea-

surements of conjunctival hyperemia, tear meniscus height

and also the Ocular Surface Disease Index and Oxford

scores using slit-lamp examination. The reliability and

repeatability of the measurements obtained by

Keratograph 5M have been validated by earlier investiga-

tions, performing objective measures.8–10

Patients and Methods
https://dx.doi.org/10.17504/protocols.io.bbxtipnn

Participant Recruitment
The sample size was determined by a statistically signifi-

cant difference of 95% confidence intervals and with 80%

power for non-invasive Keratograph break-up time based

on a pilot study. A total of 34 eyes was required, according

to the program nQuery Advisor Release 7.0 (Statistical

Solutions, Broadway, Saugus, Massachusetts, USA). The

study included 40 eyes from 20 participants (18 women

and 2 men; age range, 36 to 79 years) with signs and

symptoms of dry eye, who visited our hospital between

November and December 2017. The results of the

Schirmer I test without anesthesia and fluorescein break-

up time test were recorded at the time of the visit, and the

patient was enrolled in the study if the result was <10 mm

at 5 min or <10 s, respectively. Moreover, only partici-

pants who were older than 18 years, did not have any

active ocular surface disease, who did not wear contact

lenses for at least 24 h prior to the visit, did not undergo

any ocular surgery at least 1 year before the visit, who

were not pregnant or lactating, and did not have any

known allergy to any of the components of the tear supple-

ment were included. Patients who failed to meet these

criteria were excluded from the study. Written informed

consent was obtained from all participants. This research

was approved by the Ethical Committee of Virgen

Macarena´s Hospital and was conducted according to the

tenets of the Declaration of Helsinki. The data recorded

was confidential.

All enrolled patients visited the hospital thrice. They

visited the hospital at approximately the same hour during

the day and in the same examination room. The tempera-

ture and humidity of the examination room were main-

tained at around 22–25°C and 45–55% humidity,

respectively. All patients completed the study, and there

were no withdrawals. During the follow-up month, all

patients were treated with artificial tears composed of

0.4% hyaluronic acid and 0.2% galactoxyloglucan every

3 h and were allowed to rest at night. The patients were

questioned about compliance at every visit. The patients

were asked to continue with any other medication (topical

steroids or topical immunosuppressants), to prevent mask-

ing the true effect of the artificial tears. Only patients who

were using other artificial tears were instructed to switch

to the artificial tears used in our study maintaining pre-

vious treatments.

Ocular Examinations
Details regarding previous or current topical or systemic

treatment were recorded during the first visit, and the

following parameters were measured in each eye using

the topographer, Keratograph 5M (OculusOptikgeräte

GmbH, Wetzlar, Germany): tear meniscus height (3 mea-

surements were made manually along the length of the

lower eyelid using the cursors provided by the system, and

the average of the 3 values was considered), conjunctival

Molina-Solana et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical Ophthalmology 2020:141154

https://dx.doi.org/10.17504/protocols.io.bbxtipnn
http://www.dovepress.com
http://www.dovepress.com


hyperemia (indicated by the software of the Keratograph

5M; range, 0.1 to 4.0; accuracy, 0.1), non-invasive

Keratograph first break-up time (moment at which the

tear film breaks for the first time) and non-invasive

Keratograph average break-up time (average time of the

first rupture at different locations of the 8-mm diameter of

the central cornea), and the Ocular Surface Disease Index

questionnaire (Allergan Inc, Irvine, CA, USA). Corneal

staining results (using the Oxford schema)11 and fluores-

cein break-up time were evaluated using slit-lamp exam-

ination. Baseline measurements were used as controls:

each patient was his/her own control. After a 30-min

washout period, a drop of the artificial tears was instilled

into the inferior palpebral fold of both eyes. The non-

invasive Keratograph first break-up time and non-

invasive Keratograph average break-up time values were

measured at 15 min, 30 min, 60 min, 90 min, and 120 min

after artificial tear instillation or until the non-invasive

Keratograph average break-up time value was less than

the baseline value. The objective of this assessment was to

verify the time required for the artificial tear to bring about

an increase in the non-invasive Keratograph break-up time

parameters in the patients.

During the second visit, which took place 1 week after

the first, and the third visit, which took place 3 weeks after

the second, the tear meniscus height, conjunctival hyper-

emia, non-invasive Keratograph first break-up time and

non-invasive Keratograph average break-up time, and

Ocular Surface Disease Index score were measured

again. Corneal staining and fluorescein break-up time

were assessed using slit-lamp examination.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics 24.0©.

Statistical analyses included descriptive analysis, with

means, medians, standard deviations, and 25th and 75th

percentiles (in case of marked asymmetry) for quantitative

variables and percentages for qualitative variables.

Inferential analysis consisted of a repeated-measures ana-

lysis of variance (ANOVA) to test differences between the

variables of conjunctival hyperemia, Oxford and Ocular

Surface Disease Index scores, tear meniscus height, lacri-

mal stability level, non-invasive Keratograph first break-

up time and non-invasive Keratograph average break-up

time recorded during each follow-up visit. The Bonferroni

test was used to detect parameters exhibiting significant

differences. The least significant difference test was used

in case of inconsistency between the ANOVA and

Bonferroni values. P-values < 0.05 were considered to be

indicative of statistical significance, and the results were

presented as mean ± standard deviation.

Results
Twenty patients were enrolled for the study. All the

enrolled patients followed our treatment schedule. The

adverse effects of the treatment included blurred vision

a few minutes after instillation [6 patients (30%)] and

ocular stinging [3 patients (15%)]. None of the patients

experienced adverse reactions that required discontinua-

tion of treatment.

Thirty-two eyes (80%) had a Schirmer I test result of

<10 mm, and the remaining 8 eyes (20%) had a tear break-up

time of <10 s. Seven patients (35%) had not undergone any

previous treatment at the beginning of the study, 10 (50%)

were being treated with different artificial tears, 2 (10%)

were using artificial tears and topic steroids, and 1 (5%)

was being treated with topical immunosuppressants in addi-

tion to artificial tears and topical steroids.

The baseline, 1-week, and 1-month demographic and clin-

ical data of the patients are summarized in Table 1. Non-

invasive Keratograph first break-up time and non-invasive

Keratograph average break-up time were significantly higher

at 1 week (P = 0.01 and P = 0.007, respectively) and 1 month

after commencing treatment (P = 0.003 and P = 0.002, respec-

tively) than those at baseline (Figure 1). Tear meniscus height

was significantly higher at 1 week (P = 0.002) and at 1 month

(P = 0.001) than that at baseline. Conjunctival hyperemia

reduced significantly at 1 month (P = 0.008) (Figure 2), and

the Oxford and Ocular Surface Disease Index scores were

significantly lower at 1 week (P = 0.03 and P < 0.0001,

respectively) and 1 month (P < 0.0001 and P < 0.0001,

respectively), compared to those at baseline (Figure 3).

The analysis of the results showed a statistically sig-

nificant increase in non-invasive Keratograph first break-

up time during the first 60 min after instillation of the

artificial tears (P = 0.004 at 15 min, P = 0.03 at 30 min,

and P = 0.01 at 60 min).

Non-invasive Keratograph average break-up time was

significantly increased till 90 min after instillation (P = 0.01

at 15 min, P < 0.0001 at 30 min, P = 0.002 at 60 min, and

P = 0.03 at 90 min). (Figure 4)

Discussion
The present study demonstrated the effectiveness of pre-

servative-free artificial tears containing 0.4% hyaluronic

acid and 0.2% galactoxyloglucan in patients with signs
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and symptoms of dry eye using the Keratograph 5M, as

there were improvements in all of the dry-eye-related

parameters studied.

While earlier studies have measured and compared tear

meniscus height using the Schirmer test and anterior seg-

ment swept-source optical coherence tomography,12,13 the

measurement of this parameter with the Keratograph

Table 1 Baseline, 1-Week, and 1-Month Clinical and

Demographic Characteristics of the Participants

Baseline 1 Week 1 Month

Age (years) 63.85 ± 13.15

Sex (M:F) 2:18

Schirmer I test

(mm/5 min)

7.53 ± 4.69

FBUT (s) 4.80 ± 2.14 7.20 ± 2.51

P = 0.000

8.73 ± 2.26

P = 0.000

TMH (mm) 0.27 ± 0.10 0.33 ± 0.13

P =0.002

0.33 ± 0.15

P =0.001

NIKBUT-first (s) 6.20 ± 4.59 8.35 ± 5.26

P = 0.014

9.52 ± 5.92

P = 0.003

NIKBUT-average (s) 10.02 ± 5.72 12.12 ± 5.52

P = 0.007

13.22 ± 5.30

P = 0.002

Conjunctival hyperemia 1.36 ± 0.54 1.19 ± 0.45

P = 0.08

1.12 ± 0.48

P = 0.008

Oxford score 2.68 ± 2.53 2.03 ± 1.76

P = 0.025

0.95 ± 1.78

P = 0.000

OSDI score 37.58 ± 17.66 29.69 ± 18.67

P = 0.000

16.41± 8.56

P = 0.000

Note: P-values represent the differences between the baseline and the subsequent

timepoints.

Abbreviations: M, male; F, female; FBUT, fluorescein break-up time; TMH, tear

meniscus height; NIKBUT, non-invasive Keratograph tear break-up time; OSDI,

Ocular Surface Disease Index.
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exhibits high reliability and repeatability.14 In our study,

we observed a significant increase in tear meniscus height

at 1 week and 1 month.

Traditionally, conjunctival hyperemia is assessed using

visual scales,15 which are subjective, while the analysis of

conjunctival hyperemia using the Keratograph, is a quick

and easy process. Moreover, previous studies have mea-

sured conjunctival hyperemia using Keratograph in

patients who were treated with antiglaucoma eye drops.16

Our results showed a statistically significant decrease in

the bulbar redness scores at 1 month, while no significant

reduction was observed at 1 week, suggesting that pro-

longed treatment is required to achieve a significant

decrease in bulbar redness. This is similar to the finding

of an earlier study on antiglaucoma drops, which reported

a decrease in the bulbar redness scores at 6 months in

patients who used preservative-free antiglaucoma drops.17

The present study involved the measurement of 2 types

of non-invasive Keratograph break-up time: non-invasive

Keratograph first break-up time and non-invasive

Keratograph average break-up time. The fact that the non-

invasive Keratograph first break-up time and non-invasive

Keratograph average break-up time values were recorded

during the first 120 min after the instillation of 1 drop of

the preservative-free artificial tear represents the signifi-

cance and novelty of our study. The results showed that

non-invasive Keratograph first break-up time was higher

when compared to the baseline value till 60 min after

instillation, and that non-invasive Keratograph average

break-up time was higher, when compared to the baseline

value till 90 min after instillation.

The improvement in non-invasive Keratograph break-

up time values represents a crucial aspect in the treatment

of dry-eye syndrome.18 This improvement correlates well

with the corneal staining finding, as well as the Oxford and

Ocular Surface Disease Index scores obtained in the pre-

sent study, where a reduction in the above-mentioned

parameters was observed at 1 week. Previous studies on

patients with evaporative dry eye reported that the non-

invasive Keratograph break-up time was higher at 1 and 3

months, and 4 weeks of treatment compared to that at

baseline.19,20 These results are concurrent with our find-

ings at 1 month after treatment.

The objective measurements obtained with the

Keratograph 5M using infrared light were the strength of

our study, thus, eliminating the need for fluorescein stain-

ing or topical anesthesia, which alter the lacrimal film.21

To the best of our knowledge, this is one of the first

studies to compare artificial tear treatment objectively with

Keratograph 5M,22 which enabled accurate and objective

ophthalmologic investigations not being necessary photo-

graphs and scales nor subjective methods like TBUT.

However, further investigations are needed to validate

these findings.

Furthermore, the absence of a placebo group is

a limitation of the study and its inclusion should be
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Figure 4 Comparison of the mean values of non-invasive Keratograph 5M first tear break-up time and non-invasive Keratograph average break-up time measured during the

first 120 min after instillation of the drop. There was an initial increase in both parameters at 15 min, followed by a gradual decrease after 30 min. The asterisk (*) denotes
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considered in future studies. Moreover, future studies

could include larger sample populations and study one

eye per patient, to confirm the results. Moreover,

a compliance form filled not only by the investigator

during follow-up visits, but also by patients could reduce

the variability in the implementation of the artificial tear

regimen and should be considered in future studies.

In conclusion, artificial tears composed of preservative-

free 0.4% hyaluronic acid and 0.2% galactoxyloglucan are

useful for the treatment of the signs and symptoms of dry

eye, improving NIKBUT, conjunctival hyperemia, Oxford

and OSDI scores after 1 month of treatment.
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