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Purpose: To analyze the use of artificial tears in patients undergoing treatment with anti-vascular endothelial growth (anti-VEGF) 
intravitreal injections.
Methods: Thirty-four eyes undergoing anti-VEGF treatment were analyzed. Each patient underwent a subjective and objective 
evaluation of the ocular surface, using the Ocular Surface Disease Index (OSDI), Dry Eye Questionnaire (DEQ)-5, tear meniscus 
height (TMH), first and average non-invasive Keratograph Break-Up Time (NIKBUT), bulbar conjunctival redness, meibography and 
the Vision Break-Up Time (VBUT). Patients attended 5 visits (days 0, 7, 30, 37, and 60). All patients continued with their intravitreal 
injection treatment during the study (days 0, 30, and 60). Patients did not receive any artificial tear treatment during the first month of 
the study, and at the baseline visit they were randomly assigned to one of two study groups to receive either the Systane Hydration or 
the Viscofresh 10mg/mL formulation. Patients were instructed to instill one drop of the assigned study treatment 3 times a day for 30 
days during the second month of the study.
Results: According to the Mixed Models for Repeated Measures analysis, there is not enough statistical evidence for any of the 
parameters examined to determine significant differences between being treated with artificial tears and not being treated (p > 0.05). 
There is, however, a tendency toward improved outcomes in some parameters when artificial tears were used. OSDI, DEQ-5, TMH, 
and meibography were not affected by either the type of artificial tear used or by the time (from day 30 to day 60; p > 0.05), but the 
NIKBUT and VBUT values increased over time during this period regardless of which treatment the patient was receiving.
Conclusion: The use of artificial tears may help to keep the tear film stable Future studies with larger samples should be conducted to 
elucidate whether the tendency reported in our study becomes significant.
Keywords: ocular discomfort, artificial tears, intravitreal injection, anti-VEGF agents, dry eye

Introduction
Intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF) agents is a commonly used treatment for 
various ophthalmic conditions. One of these includes age-related macular degeneration. These injections are used to 
prevent vision loss and this therapy requires patients to receive monthly injections for up to 2 years.1–5 It should be taken 
into consideration that identifying the specific role that intravitreal injections play in the development of dry eye 
syndrome is difficult, as the patient’s age and other age-related diseases may also contribute. Despite this, it is important 
to be aware that these preexisting conditions make patients more vulnerable to developing dry eyes when having 
intravitreal injections.6 It is likely, then, that this treatment is a factor in the development of dry eye syndrome.

Preliminary results suggest that intravitreal injections of anti-VEGF agents significantly impact ocular surface health.7 

In fact, there are reports of an acute increase in corneal epitheliopathy and symptoms of ocular surface discomfort after 
intravitreal injections with povidone-iodine prophylaxis.8 Considering that this antiseptic is toxic to the corneal 
epithelium, clinicians should pay attention to the reaction caused on the ocular surface of patients undergoing treatment. 
In addition, patients often receive intravitreal injections on a monthly basis and over long periods of time (chronic basis) 
and this may affect ocular surface health and comfort. Common dry eye syndrome symptoms include pain, irritation, 

Clinical Ophthalmology 2022:16 3959–3972                                                                  3959
© 2022 Pastor-Pascual 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).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 24 September 2022
Accepted: 2 November 2022
Published: 30 November 2022

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


dryness, foreign bodies, sensation or light sensitivity among others.9 It has been indicated that optimizing ocular surface 
health between injection visits and saline irrigation immediately post-injection could help.8 Current post-intravitreal 
injection care guidelines do not include any kind of artificial tears or drops, even though it has been reported that artificial 
tears may be a safe and effective way of treating dry eye syndrome.10 Therefore, as the first-line treatment for dry eyes is 
typically over the counter artificial tears,10 it seems interesting to assess whether using these in patients receiving 
intravitreal injections improves ocular comfort.

The main purpose of this study is, then, to assess the use of artificial tears in patients submitted to intravitreal 
injections of anti-VEGF agents using both subjective and objective metrics.

Methods
This randomized prospective comparative study included 40 eyes from 40 patients (only one eye per patient was 
considered). The present study was approved by the Ethics Committee of the Hospital Clínico San Carlos (Madrid, 
Spain) and was conducted in accordance with the tenets of the Declaration of Helsinki. Written informed consent was 
obtained from all patients prior to their enrollment in this study. This study was registered at https://www.isrctn.com/ 
ISRCTN77853517 as ISRCTN 77853517.

Patients and Procedure
All the patients underwent a complete ophthalmological examination that included subjective refraction, visual acuity 
measurements, slit-lamp biomicroscopy, Schirmer I test (to measure tear production for 5 minutes), and posterior 
segment optical coherence tomography. The inclusion criteria were patients being treated with Lucentis 10 mg/mL 
(ranibizumab, Novartis) and aged between 51 and 90 years. The exclusion criteria were dry eye, glaucoma, previous 
refractive surgery, or recent cataract surgery (less than 6 months).

The patients attended five visits over the course of this study, day 0, day 7, day 30, day 37, and day 60. All the 
patients continued their intravitreal injection treatment during the study (1 per month, days 0, 30, and 60); they did not 
receive any artificial tear treatment in the first month of the study (visits on days 0, 7, and 30). At the baseline visit, all 
patients were randomly assigned (a 1:1 allocation ratio) to one of two study groups, by means of a computer 
randomization program, to receive either Systane Hydration (Alcon Laboratories, Fort Worth, TX, USA) or the 
Viscofresh 10mg/mL (Allergan Inc., Irvine, CA, USA) formulation. The Systane Hydration (Unitdose - Preservative 
Free) is a sterile solution containing sodium hyaluronate, polyethylene glycol 400, propylene glycol, hydroxypropyl guar, 
sorbitol, aminomethyl propanol, boric acid, sodium borate, potassium chloride, sodium chloride, hydrochloric acid and/or 
sodium hydroxide to adjust pH. And the Viscofresh ophthalmic drops contains carboxymethylcellulose sodium 5 mg, and 
also contains calcium chloride, magnesium chloride, potassium chloride, sodium chloride, sodium lactate and purified 
water.

The patients were instructed to instill one drop of the assigned treatment three times a day for 30 days during 
the second month of the study. Several subjective and objective metrics, described below, were measured over the two- 
month study. As indicated, in the first month, no patients received any artificial tear treatment and hence, the values 
obtained for the metrics on days 0, 7, and 30, indicated normal performance. From the visit on day 30, 20 patients were 
assigned to the Systane Hydration group and 20 to the Viscofresh group, according to the randomization scheme. The 
values obtained in the second month of the study served to assess the effect on these patients of using artificial tears. The 
differences between the two groups were also analyzed.

The subjective and objective metrics evaluated in this study were the Ocular Surface Disease Index (OSDI), Dry Eye 
Questionnaire (DEQ)-5, tear meniscus height (TMH), non-invasive keratograph break-up time (NIKBUT), bulbar 
conjunctival redness, meibography, and the vision break-up time (VBUT). The OSDI is a 12-item questionnaire designed 
to quickly assess ocular irritation symptoms consistent with dry eye disease and their impact on vision-related function-
ing. This index has been reported as a valid and reliable questionnaire for measuring the severity of dry eye disease.11 

The DEQ-5 is a 1-page subset of 5 questions that is able to distinguish between patients with and without dry eye and 
facilitates the identification of even mild to moderate dry eye in patients.12 The Oculus Keratograph 5M (Oculus GmbH, 
Wetzlar, Germany) is a non-invasive method for analyzing the tear film. This device allowed us to obtain several 
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parameters, including the TMH, the NIKBUT (NIKBUT-first, the time the first break-up of the tear film occurs; and 
NIKBUT-average, the average time of all break-up incidents), the bulbar conjunctival redness (on a 0 to 4-point scale in 
0.1 steps), and the meibography of the upper right eyelid of each patient. This instrument has been found to be valid for 
objectively measuring these parameters.13–17 The HD Analyzer system (Visiometrics SL, Terrasa, Spain) is a double-pass 
system that evaluates the optical quality of the human eye. This system measures the tear film quality during the 
interblink period recording double-pass images every 0.5 seconds until it has completed a 10 (default) or 20-second 
capture. The program records 20 or 40 double-pass images, reflecting the evolution of the optical quality over those 10 or 
20 seconds. The VBUT is defined as the time elapsed in seconds from 0 seconds to the time at which the patient’s vision 
quality index drops below a defined threshold. When the patient vision quality index exceeds the VBUT threshold, the 
result shows the time in seconds from blinking until the VBUT threshold is exceeded. This device provides an objective 
measurement of visual quality in patients with dry eye disease.18

Statistical Analysis
Mean ± standard deviation (SD) and range values were determined for all the parameters. The data was entered into 
a Microsoft Excel spreadsheet (Microsoft Corp, Redmond, WA, USA) and statistically analyzed using R software (The 
R Foundation). The required sample size was determined considering the OSDI parameter as the efficacy variable. There 
are no preliminary studies investigating the effect of Systane Hydration in patients with intravitreal injections in terms of 
the OSDI parameter. However, Deinema et al19 found an improvement in the OSDI parameter of −10±3.3 points when 
applying a placebo to patients with dry eye symptoms, and Jacobi et al20 also found an improvement of −19 when 
applying a treatment of Systane UD. Taking a SD for the Systane Hydration group of ±11.9 points, obtained from 
a similar study,21 and considering all the previous parameters (as well as a type I error of 5%, a power of 80% and a two- 
tailed hypothesis), the minimum sample size required for this study was 16 subjects per group.

Pre-Treatment versus Treatment
Mixed Models for Repeated Measures (MMRM) were used to compare differences between the values obtained in the 
period during which no artificial tears were applied (pre-treatment), and the values in the period using artificial tears 
(treatment) when the dependent variables were continuous quantitative variables. The treatment effect on each dependent 
variable was evaluated at a significance level of 0.05 (two-sided). For each variable (OSDI, DEQ-5, TMH, NIKBUT A, 
NIKBUT B, redness, and VBUT), the difference from the baseline at each time point (day 7 and day 30) was fitted using 
the baseline value as an adjusting covariate, whereas visit day (day 37 and day 60), group (control and treatment), and the 
interaction between these were treated as fixed factors in the MMRM. An autoregressive heterogeneous variance- 
covariance structure was employed to fit the MMRM. The model statement was:

where value i,j,k is the dependent variable value of subject i, on visit day j, in group k; εi ~ N (0, σ2) represents the 
residual variance component; and β is the coefficient that multiplies the baseline value. The function used for the analysis 
was the gls() function from the {nlme} package from the R statistical software.

On the other hand, since meibography is an ordinal variable, the displacement of the ordinal scale end point was 
analyzed using the proportional odds model. The common odds ratio can be interpreted as the average change in the total 
ordinal result caused by the study treatment. The fitted model considered the meibography ordinal grade (0, 1, 2, or 3) on 
each visit day as the dependent variable, the baseline value was fitted as an adjusting covariate, and the visit day (day 7 
and day 30), group (control/treatment), and the interaction between these two were treated as fixed factors. The 
proportional odds model statement was:

where Xi is the meibography ordinal grade of subject i, n is the nth level/category of the ordinal scale, on visit day j, in 
group k; β is the coefficient that multiplies the baseline value; γk is the intercept coefficient for the nth level of the ordinal 
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scale; and ε is the residual error. By taking exponents, we get the odds ratio for each component in the formula. The 
treatment effect on the ordinal scale displacement was evaluated using a two-sided significance level of 0.05. The 
function used for the analysis was the polr() function from the {MASS} package in the R statistical software.

Treatment Differences Between Artificial Tears
Viscofresh was compared to Systane Hydration using MMRM when the dependent variables were continuous quanti-
tative variables. The treatment effect on each (continuous quantitative) variable was evaluated at a significance level of 
0.05 (two-sided). The values of the response variables (OSDI, DEQ-5, TMH, NIKBUT first, NIKBUT average, redness, 
and VBUT) at each visit were fitted using the baseline value (day 30) as an adjusting covariate, whereas visit day (day 37 
and day 60), treatment group, and the interaction between these two were treated as fixed factors in the MMRM. An 
unstructured covariance matrix was employed to fit the MMRM. The model statement was:

Where Value I,j,k is the dependent variable value of subject i, on visit day j, in treatment group k; and εi ~ N (0, σ2) 
represents the residual variance component. The function used for the analysis was the gls() function from the {nlme} 
package in the R statistical software.

On the other hand, since meibography is an ordinal variable, the displacement of the ordinal scale end point was 
analyzed using the proportional odds model as previously indicated. The common odds ratio can be interpreted as the 
average change in the total ordinal result caused by the study treatment. The fitted model considered the meibography 
ordinal grade (0, 1, 2, or 3) on each visit day as the dependent variable, the baseline value (day 30) was fitted as an 
adjusting covariate, and visit day (day 37 and day 60), treatment group and the interaction between these two were 
treated as fixed factors. The proportional odds model statement was:

where Xi is the meibography ordinal grade of subject i, n is the nth level/category of the ordinal scale, on visit day j, in 
treatment group k; β is the coefficient that multiplies the baseline value; γk is the intercept coefficient for the nth level of 
the ordinal scale; and ε is the residual error. By taking exponents, we get the odds ratio for each component in the 
formula. The treatment effect on the ordinal scale displacement was evaluated using a two-sided significance level of 
0.05. The function used for the analysis was the polr() function from the {MASS} package in the R statistical software.

Results
Ultimately, the study considered a total of 34 eyes from 34 patients (13 females and 21 males), as 6 patients did not 
complete the follow-up. The mean age of the patients was 76.56±8.23 years (ranging from 51 to 88 years). Only one eye 
per patient was evaluated and no adverse events were encountered during the study. The data was registered in the 
analysis database, including the values that were obtained at each visit. Table 1 shows the mean values and SD for the 
different parameters obtained at the baseline (day 0).

Figures 1 and 2 show changes to the OSDI and DEQ-5 scores, respectively, over the course of the study for the two 
groups, before and after artificial tear treatment. Figure 3 depicts the mean TMH using the Keratograph 5M for the two 
groups at each visit. Figure 4 shows the first (top) and average (bottom) NIKBUT values obtained throughout the study 
for the two groups. Figures 5 and 6 show the mean bulbar conjunctival redness and mean meibography scores measured 
using the Keratograph 5M from the baseline up to the final visit. Figure 7 plots the mean VBUT measured using the HD 
Analyzer at the different visits for each group.

Comparison Analysis Between Periods “Without Using” (Pre-Treatment) and “Using” 
Artificial Tears (Treatment)
According to the MMRM results for assessing differences between the pre-treatment and treatment periods, there is not 
enough statistical evidence for any of the parameters examined to determine significant differences between being treated 
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with artificial tears and not being treated (Table 2). However, it should be pointed out that there was a tendency toward 
better outcomes in some parameters when artificial tears were used. In addition, it should be considered that in all cases 
the baseline value is significant, in other words, the starting value influences the subsequent results.

Comparison Analysis Between Systane Hydration and Viscofresh in the Period Using 
Artificial Tears
According to the MMRM results for assessing possible differences between the treatments after 30 days of application (Table 3), 
the OSDI, DEQ-5, TMH, and meibography values were not affected by either the type of treatment (Systane Hydration or 
Viscofresh) or by the time (from day 30 to day 60); the values depend only on the day-30 starting value. There is no statistically 
significant evidence to allow us to determine differences between the treatments or a temporal evolution in the parameters (p > 
0.05); nevertheless, the values of NIKBUT first and VBUT increased over time, irrespective of either their 30-day value (the day 
the treatment started) or the treatment they received. In contrast, the values of NIKBUT average and redness depended on the 
value of this parameter at the starting point (day 30) and also increased over time regardless of the treatment they received.

Discussion
This randomized investigator-masked prospective comparative study was aimed at assessing the use of artificial tears in 
patients submitted to intravitreal injections of anti-VEGF agents. We used several objective and subjective metrics to 
properly analyze possible changes brought about by the use of artificial tears in these patients.

Table 1 Baseline patient demographics and clinical characteristics of the study 
groups

Systane Hydration  
(n = 16)

Viscofresh  
(n = 18)

Demographics

Age (yrs) 74.75±9.86 78.16±6.31

Gender (% female) 25 50

Primary outcome measure

OSDI 7.88±8.88 3.50±5.23

Secondary outcome 
measures

BCVA (Snellen decimal) 0.53±0.32 0.51±0.29

SE (D) 0.38±1.63 -0.28±0.86

Schirmer I (mm/5 min) 11.88±4.38 11.89±7.22

DEQ-5 4.19±4.25 2.72±4.43

TMH (mm) 0.48±0.24 0.35±0.16

NIKBUT First (sec) 9.29±6.87 9.12±6.44

NIKBUT Average (sec) 14.13±6.23 14.60±5.40

Bulbar conjunctival redness 1.36±0.51 1.09±0.39

Meibography 0.38±0.72 0.56±0.78

VBUT (sec) 2.11±2.12 3.10±3.20

Abbreviations: OSDI, ocular surface disease index; BCVA, best corrected visual acuity; SE, spherical 
equivalent; DEQ-5, dry eye questionnaire; TMH, tear meniscus height; NIKBUT, non-invasive Keratograph 
break-up time; VBUT, vision break-up time.
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Our results revealed that there were no statistically significant changes for any of the parameters studied between the 
period of non-use and the period during which artificial tears were applied. Table 2 shows all the p values obtained in the 
statistical analysis and Figures 1–7 graphically represent the variations on different study days. Despite this, some 
parameters, such as the OSDI (Figure 1) and DEQ-5 (Figure 2), did show a trend toward lower values (reduced 
symptoms) over the course of the study. The OSDI score ranged from 0 to 100 and, based on their OSDI value, the 
patients can be categorized as having a normal ocular surface (0–12 points), or mild (13–22 points), moderate (23–32 
points), or severe (33–100 points) ocular surface disease.22 The patients in this study can be categorized as having 

Figure 2 Mean DEQ-5 (dry eye questionnaire) score from the baseline (day 0) on days 7, 30, 37, and 60 for each of the study groups. The values are expressed as the mean± 
standard deviation.

Figure 1 Mean OSDI (ocular surface disease index) score from the baseline (day 0) on days 7, 30, 37, and 60 for each of the study groups. The values are expressed as the 
mean± standard deviation.
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a normal ocular surface since the mean values for both groups, on any study day, were less than 12 points. However, as 
can be seen from the error bars in Figure 1, in some patients this value was actually exceeded, and they can be 
categorized as having mild or moderate ocular surface disease. Miller et al23 assessed the minimal clinically important 
difference for the OSDI in 310 patients (normal, 18, mild, 54, moderate, 98, and severe, 140). The level of symptomatic 
improvement substantially exceeds the OSDI minimal clinically important difference ranging from 4.5 to 7.3 units for 
mild or moderate dry eye disease and from 7.3 to 13.4 for severe disease. In our sample, the mean difference between the 
OSDI value obtained on day 60 (after treatment) and the mean of the values obtained on days 0, 7, and 30 (before 
treatment) were −1.36 and 1.30 for the Systane Hydration and Viscofresh groups, respectively. It should be pointed out 
that a negative value indicates a reduction in the mean OSDI value. In relation to the other questionnaire, 
Chalmers et al12 reported that a DEQ-5 score of ≥6 indicated that the person had symptoms similar to patients with 
a clinical diagnosis of non-Sjogren's Syndrome keratonjunctivitis sicca, and a DEQ-5 score of ≥12 matched the scores 
from most patients with a clinical diagnosis of Sjogren's Syndrome. The diagnostic criterion for dry eye disease, aqueous 
deficient dry eye disease, and evaporative dry eye disease is a DEQ-5 score of ≥6.24 Our mean values for the two groups 
were less than 5 on any study day (see Figure 2). Comparing pre- (mean for days 0, 7, and 30) and post-treatment 
(day 60) values, both groups showed a similar improvement, −0.10 and −0.17 change for Systane Hydration and 
Viscofresh, respectively.

In relation to the parameters obtained with the Keratograph 5M our results revealed that there were no significant 
changes in the TMH, NIKBUT (first and average), redness, and meibography during the treatment (Figures 3–6). 
However, despite there being no statistical significance, there was an improvement in tear film stability measured with 
the NIKBUT, mainly for the first but also for the average values (Figure 4, top and bottom, respectively). It should be 
borne in mind that tear film instability is a key pathogenic factor in dry eye disease and improving this is a basic strategy 
for managing the disease.25 NIKBUT first values improved in the Systane Hydration group from 9.42 seconds prior to 
treatment (mean of values obtained on days 0, 7, and 60) to 12.76 seconds on day 60 (1 month with treatment). These 
values changed to 8.21 and 8.16 seconds, respectively, in the Viscofresh group. For the NIKBUT average, the values 
were 14.70 and 16.47 seconds, and 12.91 and 13.40 seconds, for the Systane Hydration and Viscofresh groups, 
respectively. In other words, a patient who on day 30 (baseline) has a higher NIKBUT than another patient will see 
their NIKBUT increase further over time (on days 37 and 60). For the HD Analyzer outcomes, we obtained no significant 

Figure 3 Mean TMH (tear meniscus height) score measured using the Keratograph 5M from the baseline (day 0) on days 7, 30, 37, and 60 for each of the study groups. The 
values are expressed as the mean± standard deviation.
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variation in the mean VBUT values between the two periods or for the two groups during the treatment period (see 
Figure 7, days 37 and 60). However, the analysis of the two types of artificial tears applied revealed that the values of 
NIKBUT first and VBUT increase over time, irrespective of the value they present on day 30 (the day the treatment 
started) and regardless of which treatment they receive.

In a preliminary prospective study, presented in 2014 at the Association for Research in Vision and Ophthalmology 
annual meeting, Srinagesh et al7 assessed 12 patients receiving intravitreal injections of Avastin, Lucentis and/or 
Eyelea 2–4 weeks after the injections. They measured the OSDI symptoms of dry eye, tear break-up-time towa 
(TBUT), fluorescein staining, lissamine green staining, and the Schirmer test in eyes that received injections and 
compared the results with eyes that received no injections within the allotted time frame. These patients were 
evaluated 4–6 months after the cessation of intravitreal injections. The average OSDI for all eyes which had received 

Figure 4 Mean NIKBUT (non-invasive Keratograph break-up time) first (top) and average (bottom) score measured using the Keratograph 5M from the baseline (day 0) on 
days 7, 30, 37, and 60 for each of the study groups. The values are expressed as the mean± standard deviation.
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an intravitreal injection within 2 weeks to 1 month was 21.91. In patients who received unilateral injections, the 
average OSDI for the injected eyes was 25.36, which was significantly higher than the average OSDI of 4.00 for non- 
injected eyes (p = 0.002). Fluorescein staining of the cornea was noted more frequently in the injected than the non- 
injected eye, specifically in the temporal quadrant (p = 0.017). The inferotemporal area in 50% of injected eyes and 
25% of non-injected eyes was mildly stained by lissamine green. The mean TBUTs were 9.8 and 9.5 seconds for the 
injected and non-injected eyes, respectively. The mean Schirmer values were 14.6 mm for injected eyes and 15.1 mm 
for non-injected eyes. They concluded that these preliminary results could indicate that intravitreal injections of anti- 
VEGF agents significantly impact ocular surface health. They pointed out that, following these injections, clinical 

Figure 5 Mean bulbar conjunctival redness score measured using the Keratograph 5M from the baseline (day 0) on days 7, 30, 37, and 60 for each of the study groups. The 
values are expressed as the mean± standard deviation.

Figure 6 Mean meibography score measured using the Keratograph 5M from the baseline (day 0) on days 7, 30, 37, and 60 for each of the study groups. The values are 
expressed as the mean± standard deviation.
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signs and symptoms of dry eye should be monitored and treated in order to optimize patient comfort and visual 
potential.

In another study published in 2019, Dohlman et al8 evaluated the signs and symptoms of ocular surface disease 
before and after intravitreal injection in 20 patients receiving unilateral intravitreal injections with povidone-iodine 

Figure 7 Mean VBUT (vision break-up time) measured using the HD Analyzer from the baseline (day 0) on days 7, 30, 37, and 60 for each of the study groups. The values 
are expressed as the mean± standard deviation.

Table 2 Mixed Models for Repeated Measures regression results for the different 
parameters analyzed to compare periods without using (pre-treatment) and using 
artificial tears (treatment)

Parameter Predictors Estimates CI 95% p-value

OSDI Baseline -0.74 -0.88 – -0.59 <0.001*

Treatment 0.80 -1.05 – 2.66 0.394

Day 30 1.28 -0.62 – 3.18 0.185

Treatment Day 30 -0.37 -3.15 – 2.42 0.794

DEQ-5 Baseline -0.54 -0.69 – -0.39 <0.001*

Treatment -0.26 -1.63 – 1.11 0.706

Day 30 1.09 -0.19 – 2.36 0.093

Treatment Day 30 -0.59 -2.49 – 1.31 0.541

TMH Baseline -0.37 -0.52 – -0.22 <0.001*

Treatment -0.05 -0.14 – 0.03 0.192

Day 30 -0.01 -0.09 – 0.06 0.746

Treatment Day 30 0.04 -0.07 – 0.15 0.485

(Continued)
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prophylaxis. These authors reported a significant post-injection increase in corneal epitheliopathy in treated but not 
untreated eyes (increase in corneal fluorescein staining scores in treated eyes were 9.9±3.5, compared with 2.05±2.4 
in untreated eyes; p < 0.005), as well a significant increase in ocular discomfort using the symptom assessment in 
dry eye (SANDE) questionnaire (increase in SANDE severity score after injection, 23±23 pre-injection versus 
54.4±26 post-injection; p < 0.005). They confirmed the effects of the intravitreal injections on the corneal epithelium 
and an increase in ocular surface discomfort after the injections, which may be attributable to povidone-iodine use 
as well as topical anesthetic.26 These authors also indicated that there was no clear correlation between the signs and 
symptoms and the injection history. Finally, they considered that copious saline irrigation immediately following 
injection may help to improve patient experience in terms of this type of treatment. We agree with them, taking into 
account the tendency we observed in some parameters after the use of artificial tears. Furthermore, our results 
suggest that the use of artificial tears may confer additional benefits (the values of NIKBUT first and VBUT will 
increase over time) but no differences between the two artificial tears used were found for any parameter during the 
period of their application (see Table 3).

Table 2 (Continued). 

Parameter Predictors Estimates CI 95% p-value

NIKBUT First Baseline -0.83 -1.03 – -0.63 <0.001*

Treatment -0.09 -2.89 – 2.71 0.949

Day 30 1.16 -2.21 – 4.53 0.496

Treatment Day 30 1.56 -3.10 – 6.23 0.507

NIKBUT 
Average

Baseline -0.86 -1.09 – -0.63 <0.001*

Treatment 0.45 -2.55 – 3.45 0.767

Day 30 0.97 -1.72 – 3.65 0.476

Treatment Day 30 0.78 -3.10 – 4.66 0.690

Redness Baseline -0.43 -0.58 – -0.28 <0.001*

Treatment 0.16 -0.00 – 0.32 0.050

Day 30 0.09 -0.05 – 0.24 0.205

Treatment Day 30 -0.03 -0.26 – 0.19 0.773

VBUT Baseline -0.78 -0.93 – -0.63 <0.001*

Treatment -0.38 -1.31 – 0.56 0.425

Day 30 0.19 -0.82 – 1.21 0.706

Treatment Day 30 -0.52 -2.01 – 0.97 0.488

Meibography Baseline 5.13 3.07 – 8.85 <0.001*

Treatment 1.30 0.49 – 3.51 0.598

Day 30 0.88 0.32 – 2.43 0.807

Treatment Day 30 1.27 0.31 – 5.24 0.742

Notes: *Statistically significant. (For Meibography Estimates columns indicates Odds Ratios). 
Abbreviations: CI, confidence interval; OSDI, ocular surface disease index; DEQ-5, dry eye questionnaire; 
TMH, tear meniscus height; NIKBUT, non-invasive Keratograph break-up time; VBUT, vision break-up time.
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Table 3 Mixed Models for Repeated Measures regression results for the different 
parameters analyzed during the period of using artificial tears comparing Systane 
Hydration versus Viscofresh

Parameter Predictors Estimates CI 95% p-value

OSDI Baseline (Day 30) 0.59 0.41 – 0.76 <0.001*

Day 37 0.90 -1.18 – 2.98 0.391

Day 60 1.27 -1.85 – 4.40 0.418

Viscofresh Treatment -0.03 -2.62 – 2.56 0.982

Day 60 Viscofresh 1.01 -2.00 – 4.03 0.504

DEQ-5 Baseline (Day 30) 0.55 0.35 – 0.75 <0.001*

Day 37 0.62 -0.99 – 2.24 0.442

Day 60 1.37 -0.41 – 3.16 0.129

Viscofresh Treatment -0.07 -2.03 – 1.88 0.941

Day 60 Viscofresh -0.47 -2.43 – 1.49 0.632

TMH Baseline (Day 30) 0.70 0.47 – 0.92 <0.001*

Day 37 0.08 -0.07 – 0.22 0.282

Day 60 0.11 -0.03 – 0.25 0.111

Viscofresh Treatment 0.05 -0.08 – 0.17 0.475

Day 60 Viscofresh -0.01 -0.15 – 0.13 0.918

NIKBUT First Baseline (Day 30) 0.27 -0.04 – 0.58 0.090

Day 37 5.27 1.20 – 9.34 0.012*

Day 60 11.52 6.42 – 16.61 <0.001*

Viscofresh Treatment 0.25 -3.53 – 4.04 0.894

Day 60 Viscofresh -5.73 -12.45 – 1.00 0.093

NIKBUT Average Baseline (Day 30) 0.41 0.01 – 0.81 0.043*

Day 37 7.39 0.28 – 14.50 0.042*

Day 60 11.04 3.87 – 18.21 0.003*

Viscofresh Treatment 0.62 -3.83 – 5.08 0.780

Day 60 Viscofresh -3.08 -7.80 – 1.64 0.196

Redness Baseline (Day 30) 0.65 0.43 – 0.88 <0.001*

Day 37 0.36 0.03 – 0.69 0.035*

Day 60 0.43 0.12 – 0.74 0.008*

Viscofresh Treatment 0.05 -0.23 – 0.34 0.704

Day 60 Viscofresh -0.04 -0.32 – 0.24 0.777

(Continued)
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Conclusion
In conclusion, we consider that the use of intravitreal injections might affect the ocular surface, and we suggest that the 
use of artificial tears could help to keep the tear film stable, and therefore, lead to an improved quality of life for those 
patients receiving intravitreal injections. Future studies should be conducted with large samples, long follow-up periods, 
and considering more types of artificial tears available on the market to elucidate whether the tendency reported in our 
study becomes significant.
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