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Purpose: To investigate the effects of serial intravitreal injections (IVIs) on the ocular surface and meibomian
glands (MGs) in patients treated with anti-vascular endothelial growth factor (anti-VEGF) for neovascular age-
related macular degeneration (nAMD).

Design: Retrospective, controlled, observational study.
Participants: Patients with nAMD receiving unilateral IVIs with anti-VEGF agents. The fellow eye was used as

control.
Methods: Tear film and ocular surface examinations were performed on a single occasion at a minimum of 4

weeks after IVI. A pre-IVI asepsis protocol with povidone-iodine (PVP-I) was applied.
Main Outcome Measures: Upper and lower MG loss, tear meniscus height (TMH), bulbar redness (BR)

score, noninvasive tear break-up time (NIBUT), tear film osmolarity (TOsm), Schirmer test, corneal staining,
fluorescein tear film break-up time (TBUT), meibomian gland expressibility (ME), and meibum quality.

Results: Ninety patients with a mean age of 77.5 years (standard deviation [SD], 8.4; range 54e95) were
included. The median number of IVIs in treated eyes was 19.5 (range, 2e132). Mean MG loss in the upper eyelid
was 19.1% (SD, 11.3) in treated eyes and 25.5% (SD, 14.6) in untreated fellow eyes (P ¼ 0.001). For the lower
eyelid, median MG loss was 17.4% (interquartile range [IQR], 9.4e29.9) in treated eyes and 24.5% (IQR,
14.2e35.2) in fellow eyes (P < 0.001). Mean BR was 1.32 (SD, 0.46) in treated eyes versus 1.44 (SD, 0.45) in fellow
eyes (P ¼ 0.017). Median TMH was 0.36 mm (IQR, 0.28e0.52) in treated eyes and 0.32 mm (IQR, 0.24e0.49) in
fellow eyes (P ¼ 0.02). There were no differences between treated and fellow eyes regarding NIBUT, TOsm,
Schirmer test, corneal staining, fluorescein TBUT, ME, or meibum quality.

Conclusions: Repeated IVIs with anti-VEGF with preoperative PVP-I application was associated with
reduced MG loss, increased tear volume, and reduced signs of inflammation compared with fellow nontreated
eyes in patients with nAMD. This regimen may thus have a beneficial effect on the ocular surface.
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open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Supplemental material available at www.aaojournal.org.
The introduction of anti-vascular endothelial growth factor
(anti-VEGF) has led to a therapeutic revolution for patients
with neovascular age-related macular degeneration (nAMD).
Over the past 15 years, indications for intravitreal injections
(IVIs) with anti-VEGF have expanded rapidly, rendering IVI
the most common intraocular procedure worldwide.1,2 The
effects on visual acuity and drug tolerance are excellent,
but due to the natural course of macular diseases, anti-
VEGF treatment must be repeated iteratively for months to
years.3,4 Although complications related to the procedure
including sterile and infectious endophthalmitis have been
widely reported, studies on long-term ocular surface effects
of repeated injections are scarce.5-7 Considering the high
frequency and repetitive nature of the procedure, awareness
of potential surface effects is warranted. Two additional
issues further emphasize the importance of enhanced
ª 2023 by the American Academy of Ophthalmology
This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/). Published by Elsevier Inc.
knowledge on this topic. First, it is well known that
preinjection antisepsis of the ocular surface with povidone-
iodine (PVP-I) has a toxic effect on the corneal epithe-
lium,8-10 and second, patients with nAMD are already pre-
disposed to dry eye disease (DED) due to their age and
overall ocular health. The aim of the current study was to
investigate the effect of serial IVIs on the ocular surface and
meibomian glands (MGs) in patients with nAMD treated
with anti-VEGF.

Methods

Patients with nAMD receiving unilateral IVI at the Department of
Ophthalmology, Stavanger University Hospital were recruited to
participate in the study. Inclusion criteria were at least 2 previous
IVIs in 1 eye, ongoing treatment intervals between 4 and 14 weeks,
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Figure 1. ImageJ-assisted meibomian gland (MG) atrophy analysis. The
upper and lower photographs show gland and dropout areas, respectively.
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and at least a 4-week interval between the last IVI and ocular
surface assessments. Exclusion criteria were eyelid disease
including ectropion, entropion, trichiasis, ptosis, and eyelid
movement disorder caused by facial paralysis or use of ocular
medications, except artificial tear lubricants. The number of pre-
vious IVIs were obtained from the patients’ electronic records.

Patients received standard preparation for IVI with topical
anesthesia: 1 drop of unpreserved tetracaine hydrochloride 1%
ophthalmic solution (Minims, Bausch & Lomb, U.K. Inc.) followed
by 1 drop of PVP-I 5% ophthalmic solution (Betadine; Alcon)
applied to the ocular surface. The eye margin, lashes, and periocular
skin were cleaned with PVP-I 5%. After introduction of an eye
speculum, PVP-I was again applied to the ocular surface before the
IVI was administrated. No antiseptic washout with saline irrigation
was performed postinjection, and no postinjection topical treatment,
such as use of antibiotics or ocular lubricants, was routinely applied
or advised. The treat-and-extend protocol was used.11

The study was approved by the Data Protection Officer at
Stavanger University Hospital and the Regional Committee for
Medical and Health Research Ethics (REK-ID 2019/832c) and was
performed in accordance with the tenets of the Declaration of
Helsinki. The study was conducted based on oral and written
consent from the patients, and was registered at ClinicalTrials.gov
(identifier, NCT04458012).

Clinical Measures

Ocular surface assessments were performed from least to most inva-
sive to minimize the impact on subsequent measurements: Tear
meniscus height (TMH), noninvasive tear film break-up time
(NIBUT), and bulbar redness (BR) score were measured with the
Keratograph 5M (Oculus Optikgeräte GmbH). Bulbar redness is an
automated hyperemia measure on a 0- to 4-point scale. The TMHwas
measured inferior to the pupil center over the inferior eyelid margin.
To evaluate NIBUT, patients were instructed to blink twice before
refraining from blinking for as long as possible for a maximum of 24
seconds, and disruption of the tear film was automatically detected by
the device. Tear film osmolarity (TOsm) was measured using the I-
PENOsmolarity System (I-MEDPharma Inc.). The Schirmer test was
performed without anesthesia using sterile strips, following standard
protocol.12 Corneal staining was assessed using a biomicroscope with
cobalt filtered light. A small drop of fluorescein sodium 2% solution
was instilled with a glass rod to the inferior tarsus, and fluorescein
staining of the cornea was evaluated according to the Oxford
grading scheme ranging from 0 to 5.13 Fluorescein tear film break-
up time (TBUT) was recorded as the time interval between a com-
plete blink and the first emergence of a dry spot in the precorneal tear
film. Meibomian gland function in the lower lid was evaluated by
applying moderate pressure on the lower lid margin using a cotton
swab and viewed through biomicroscopy. Meibomian gland expres-
sibility (ME) was evaluated on the basis of the number of expressible
MGs among the central 5 glands using a 4-point score (0: 5 glands
expressible; 1: 3e4 glands expressible; 2: 1e2 glands expressible; 3:
0 glands expressible). Meibum quality of each gland was assessed
according to a 4-point score (0: clear; 1: cloudy; 2: granular; 3:
toothpaste), and a sum and average score for the 8 central glands were
calculated (sum score range: 0e24). Meibography was performed
with the Keratograph 5M, andMG loss was determined using ImageJ
software (Fig 1). The MG atrophy rate was calculated as
(AreaDropout/AreaTarsal plate � 100%). The evaluators were
masked with respect to the eye receiving IVI.

Statistical Analysis

Statistical analysis was conducted using SPSS 16.0.0 (SPSS Inc.).
Boxplots was made using R Studio (R 4.1.2) and R packages
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ggplot2 and ggpubr. Descriptive data were reported as the mean �
standard deviation (SD). Quantitative and non-normal distributed
variables were described using the median and interquartile range
(IQR). Differences were tested for normality distribution using the
ShapiroeWilk test. For normal distributed data, paired-sample t
test was used to detect differences between treated and untreated
eyes. For the non-normal distributed data, the Wilcoxon signed-
rank test was used. Pearson and Spearman correlations were used
to calculate the correlation between the number of IVIs received
and the differences in ocular surface parameters between treated
and fellow eyes. Two-sided P < 0.05 was considered statistically
significant in all analyses.
Results

Ninety patients with a mean age of 77.5 years (SD, 8.4; range,
54e95) were included. Forty-seven patients were male (52%). The
median number of IVIs in treated eyes was 19.5 (range, 2e132;
IQR, 10.75e41.50). The median number of IVIs received during
the last 12 months was 8 (range, 2e12). The median time interval
between the most recent IVI was 4 weeks (range, 4e14). Thirteen
patients (14%) reported using artificial tear lubricants regularly in
both eyes. Table 1 summarizes the patient characteristics.

Meibography images of both lower eyelids were of sufficient
quality for interpretation in 79 patients (88%) and for the upper lid in
33 patients (37%).MeanMG loss in the upper eyelidwas 19.1% (SD,
11.3) in treated eyes and 25.5% (SD 14.6) in untreated fellow eyes
(P¼ 0.001) (Figs 2 and 3). For the lower eyelid,medianMG losswas
17.4% (IQR, 9.4e29.9) in treated eyes and 24.5% (IQR, 14.2e35.2)
in fellow eyes (P < 0.001). Mean BR score was 1.32 (SD, 0.46) in
treated eyes versus 1.44 (SD, 0.45) in fellow eyes (P ¼ 0.017).
Median TMH was 0.36 (IQR, 0.28e0.52) mm in treated eyes and
0.32 (IQR, 0.24e0.49) mm in fellow eyes (P ¼ 0.02) (Fig S4,
available at www.aaojournal.org). There were no differences
between treated and fellow eyes regarding NIBUT, TOsm,
Schirmer test, corneal staining, fluorescein TBUT, ME, or meibum
quality (Table 2). An exploratory analysis was performed for
testing the correlation between the number of IVIs and the
differences in ocular surface parameters between treated and
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Table 1. Patient Characteristics and Intravitreal Injection
Numbers

Patients Total, n (%) 90 (100)
Female, n (%) 43 (47.8)
Age 77.5 (SD, 8.4; range 54e95)

Injections Number, total 19.5* (range, 2e132; IQR,
10.75e41.50)

Number, last 12 months 8* (range, 2e12; IQR, 5e10)
Time interval most recent
injection (weeks)

4* (range, 4e14; IQR, 4e8)

IQR ¼ interquartile range; SD ¼ standard deviation.
*Median.
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fellow eyes. There were no significant correlations except the
Schirmer test, which had a Pearson correlation coefficient of
e0.21 (P ¼ 0.049, 95% confidence interval, e0.40 to e0.001) and
a Spearman correlation coefficient of e0.24 (P ¼ 0.03) (Table S3,
available at www.aaojournal.org).

Discussion

Contrary to our hypothesis that repeated IVIs increase the
risk of DED, our study revealed healthier values of various
dry eye parameters in eyes treated with IVI compared with
the fellow untreated eyes. This raises the question: Can
repeated IVIs have a positive effect on the ocular surface,
and in such case, what are the mechanisms? The most
conspicuous hypotheses are either the effect of repeated
application of PVP-I, which has antibacterial properties that
can be protective against ocular surface damage associated
Figure 2. Differences between injection eyes and fellow eyes regarding upper a
score. Boxes represent the median and interquartile range (IQR), error bars rep
with eyelid margin diseases, or the role of VEGF, which is a
known mediator of inflammatory responses.

Epitheliopathy

The most feared side effect of repeated anti-VEGF therapy
is endophthalmitis. Before each IVI, an antisepsis procedure
is systematically performed on the ocular surface to mini-
mize the endophthalmitis risk.14 The use of PVP-I as an
antiseptic agent is attractive because of its broad antimi-
crobial spectrum, with activity against most Gram-positive
and Gram-negative bacteria, including antibiotic- and
antiseptic-resistant strains, fungi, amoebic cysts, spores,
viruses, and protozoa.15 The toxicity of PVP-I to the cornea
has been shown in both human and rabbit models, causing
severe damage to the corneal epithelium, depending on
PVP-I concentration.8-10 Contrary to previous studies, our
study found no difference in corneal epitheliopathy between
treated and fellow eyes.16,17 This finding could be a result of
dissipation of objective signs due to the longer time period
from injection to examination, and we suspect that corneal
staining could be higher immediately after the procedure.

Eyelid hygiene is part of the recommended treatment for
chronic lid margin inflammation including meibomian gland
dysfunction (MGD) and posterior blepharitis, and a possible
mechanism for a beneficial effect on MGs and ocular sur-
face health could be that repeated PVP-I application limits
commensals through its potent antimicrobial properties.
Alterations of the normal ocular microbial flora are found in
blepharitis, and increased bacterial flora is shown to be
associated with reduced goblet cell density.18 A study by
Jiang et al19 on the microbiome of 140 eyes found that as
nd lower MG loss, tear meniscus height (TMH), and bulbar redness (BR)
resent the range, and dots denote outliers.
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Figure 3. Representative image of infrared meibography of the upper eyelids of a 72-year-old male patient who received 68 intravitreal injections (IVIs) in
his left eye (right). Left image shows the fellow eye.
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the severity of MGD increased, the composition of the
microbiome became more complex, and the bacterial
abundance increased.

Anti-VEGF

Another issue to consider is whether anti-VEGF itself can
have an impact on dry eye parameters. Vascular endothelial
growth factor is the main factor regulating angiogenesis in
multiple physiological processes and can act as a proin-
flammatory factor to stimulate the release of proin-
flammatory cytokines such as interleukin 6 and 8, and tumor
necrosis factor-a.20 Vascular endothelial growth factor
levels are shown to be significantly increased in the tear
fluid in patients with DED compared with healthy
controls,21 and Jiang et al22 showed that injection of the
anti-VEGF agent bevacizumab into the MG of patients
with MGD improved dry eye parameters such as lid margin
vascularity, conjunctival redness, and TBUT. Posterior lid-
margin hyperemia with telangiectasia and increased vascu-
larity is a pathological feature observed in more than 60% of
patients with symptomatic MGD, and although the systemic
absorption of anti-VEGF is low, we cannot disregard a
potential effect on nearby tissues.23,24 This could be a
similar mechanism as in the case of intense pulsed light
therapy, a novel treatment for MGD where long
wavelength light is used to induce intravascular
thrombosis of the small blood vessels surrounding the MG
and telangiectasia of the eyelid margin, reducing the levels
of proinflammatory mediators contributing to dry eye.25,26
Table 2. Differences in Ocular Surface Param

Treated Eyes Fellow

BR score 1.32 (0.46) 1.44 (0.4
Average NIBUT (sec) 13.6 (5.7) 13.5 (6.1
Upper eyelid MG loss (%) 19.1 (11.3) 25.5 (14.
Lower eyelid MG loss (%) 17.4 (9.4e29.9) 24.5 (14.
Fluorescein TBUT (sec) 6 (4e12) 7 (4e
First NIBUT (sec) 6.3 (3.8e14.8) 6.3 (3.3
TMH (mm) 0.36 (0.28-0.52) 0.32 (0.2
Corneal staining (Oxford score) 0 (0-1) 0 (0e
Osmolarity (mOsm/l) 327 (303e334) 319 (303
Schirmer test (mm) 9 (5e16) 7 (5e
ME 0 (0e1) 0 (0e
Meibum quality 0 (0e2) 0 (0e

BR ¼ bulbar redness; CI ¼ confidence interval; ME ¼ meibomian gland express
time; TBUT ¼ tear film break-up time; TMH ¼ tear meniscus height.
Mean values with SDs and *median values with interquartile range. Boldface i
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Meibomian Glands

Meibomian glands are sebaceous glands embedded in the
tarsal plate of the upper and lower eyelids, from which
meibum secretion constitutes the lipid layer of the pre-
corneal tear film. Dysfunction of MG secretion is associated
with dry eye symptoms, because the prevention of excessive
evaporation of the aqueous layer and lubricant effect on the
eyelids during blinking is impaired.27,28 Aging is believed to
be one of the most influential risk factors for MG loss.29

Intriguingly, we found that eyes treated with IVI had less
MG atrophy compared with fellow untreated eyes. This
could be a result of persisting reduced inflammation in the
eyelid aperture after the procedure, due to either PVP-I or
the anti-VEGF agent, which could again lead to reduced
atrophy of the MG.19,20 Discordant data have been reported
regarding ocular surface effects of anti-VEGF treatment.
Polat et al30 found significant MG loss in a study with 45
patients receiving IVI for age-related macular degeneration
and diabetic macular edema. However, this was in com-
parison with 28 healthy controls, and the condition of dia-
betes might also have affected the MGs. Paired comparison
using the fellow eye as a control as in our study is a
powerful approach for comparing the effects of unilateral
treatments on bilateral eye conditions like MG atrophy.31

Also, the patients in the previous study received topical
moxifloxacin 6 times per day for 10 days after each
injection, which resulted in an average of more than 150
days of topical antibiotic applications. The patients in our
study did not receive postoperative topical medication. A
eters between Treated and Fellow Eyes

Eyes 95% CI Difference n P Value

5) 0.12 [0.02e0.22] 88 0.017
) e0.11 [e1.44 to 1.21] 81 0.87
6) 6.39 [2.65e10.13] 33 0.001
2e35.2) 7.35 [5.90e9.20] 79 <0.001
12) 1,0 [0.0e2.0] 85 0.92
e11.6) 3.25 [1.72e4.97] 81 0.63
4e0.49) 0.08 [0.03e0.19] 90 0.02
1) 0.00 [0.00e0.00] 88 0.69
e327) 15.5 [10.0e22.0] 69 0.11
16) 2.0 [1.0e3.0] 87 0.42
1) 0.00 [0.00e0.00] 82 0.32
2) 0.00 [0.00e0.00] 80 0.30

ibility; MG ¼ meibomian gland; NIBUT ¼ noninvasive tear film break-up

ndicates statistical significance.
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study by Ulutas and Yener32 on 49 patients receiving IVI for
retinal vascular disorders showed no significant effect of IVI
on any dry eye parameters. However, the participants in
their study had received a mean number of only 4
injections and MGs were not evaluated.

Tear Volume

The tear menisci act as a tear reservoir supplying fluid to the
precorneal tear film, which becomes reformed with each eye
blink. Tear meniscus height is linearly associated to the tear
volume33 and is a useful measure in DED.34 We found an
increased TMH in injected eyes compared with fellow
noninjected eyes. This is in accordance with a study by
Dohlman et al,16 which evaluated signs and symptoms of
ocular surface disease in 20 patients receiving serial IVIs.
The study found that tear osmolarity paradoxically
decreased as the number of injections per year increased.
The authors proposed that the aggravating nature of PVP-I
could stimulate the lacrimal-functional unit, thereby
increasing tear volume. However, despite increased tear
volume in the lid aperture, we did not find differences in
TOsm between treated and untreated eyes in our study.

Redness

Bulbar redness is a nonspecific ocular response due to
vasodilatation of the conjunctival or anterior scleral blood
vessels, and a prominent feature of ocular irritation.35 Both
MGD and DED are known to induce hyperemia.36 Contrary
to our expectations, we found that eyes treated with IVI had
a lower redness score compared with untreated eyes. This
finding suggests that injection eyes had a lower degree of
inflammation compared with fellow eyes. Although not
statistically significant, other tear film parameters such as
NIBUT and Schirmer test also showed a tendency toward
healthier values in treated eyes compared with fellow eyes.

Strengths of the present study are as follows: First, patients
were their own controls, thus avoiding medical and
environmental-related biases. Second, the high number of in-
jections compared with other studies increase the likelihood of
detecting secondary IVI effects. Third, we do not use
postinjection topical antibiotics or lubricants in our clinic. This
way we avoid both the potential bias of ocular surface
inflammation induced by preservatives in topical preparations
and a possible improvement of ocular surface status by the use
of lubricants.

Study Limitations

There are some limitations of the present study. Meibomian
gland dropout and tarsal areas were measured semi-
automatically using ImageJ software. Although the semi-
objective analysis of MG dropout is superior regarding
intraobserver and interobserver agreement compared with the
subjective meiboscore, the variance of image quality and the
observer’s subjective quantifications could lead to a limited
repeatability of the measurements.37 The low number of
gradable images of MG in the upper eyelids could potentially
introduce bias, because eyelids with pronounced blepharitis
could be more difficult to evert. However, it is reasonable to
assume to some degree similar changes in upper and lower
eyelids, and despite the low number of images, the findings
in the upper lid are equivalent to the findings in the lower
lids. Regarding epithelial damage of the ocular surface,
staining with lissamine green would have revealed possible
epitheliopathy of the conjunctiva, but was not performed in
this study. Another limitation is the retrospective and
observational design of the study, which does not enable us
to establish causality between IVI and dry eye parameters,
merely to describe associations and generate hypotheses.
With regard to statistics, the increase in familywise error rate
across the reported statistical analyses was not controlled.
Overall, we consider this research to be relatively
preliminary, and we encourage replication.
Conclusions

Our study raises the question of potential protective effects
of repeated IVIs on the ocular surface. Further investigations
with prospective studies are warranted to support our find-
ings and explore the mechanisms involved.
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Pictures & Perspectives
A
nterior Segment and Macular OCT in Alport Syndrome
The authors examined a 48-year-old White man with genetically confirmed diagnosis of X-linked Alport syndrome. His vision was 20/

25 Snellen in both eyes, while anterior segment examination revealed bilateral anterior lenticonus (A). High-resolution swept-source
anterior segment OCT (Anterion, Heidelberg Engineering) showed anterior bulging of the lens in greater detail (B). Fundus photography
documented peri-macular dot-and-fleck retinopathy giving rise to the typical “lozenge-sign” (C, Eidon, Centervue) caused by the hyper-
reflectivity and thickening of the internal limiting membrane. Widefield OCT revealed macular temporal thinning and irregular depletion of
inner retinal layers with preservation of outer retina, which is known as “staircase-foveopathy” (D) (Magnified version of Fig A-D is
available online at www.aaojournal.org).
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