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Abstract
Background To evaluate the effects of serial intravitreal injections (IVI) on the ocular surface and meibomian glands 
in patients with neovascular age-related macular degeneration (nAMD).

Methods Patients receiving anti-vascular endothelial growth factor (anti-VEGF) agent injections for unilateral nAMD 
were included. Untreated fellow eyes served as the control group. All participants followed a pre-IVI asepsis protocol 
with povidone-iodine (PI). Ocular surface diseases index (OSDI) questionnaire scores, first and average non-invasive 
tear break-up time (fNITBUT and avgNITBUT), Schirmer-1 test results, corneal staining score (according to Oxford 
scale), meibomian gland (MG) loss rates of lower and upper eyelids were recorded four weeks after the last IVI.

Results Forty-two nAMD patients with a mean age of 63.3 ± 19.4 were included in the study. The mean OSDI score 
was 20.3 and the median of IVI number was 9 (6–22). There were no statistically significant difference between treated 
and untreated fellow eyes regarding fNITBUT (5.6 vs. 4.5, p = 0.872), avgNITBUT (6.2 vs. 7.2, p = 0.968), Shirmer-1 results 
(7 vs. 7, p = 0.854), corneal staining (0.3 vs. 0.2, p = 0.341), lower and upper MG loss rate (29.3 vs. 28.4, p = 0.162, and 27.1 
vs. 26.9, p = 0.476, respectively). Only significant correlation was observed between age with lower and upper MG loss 
rate (r:0.396, p = 0.042, and r:0.365, p = 0.047).

Conclusion The results of the present study demonstrated that serial IVI of anti-VEGF agents with PI asepsis is well 
tolerated by nAMD patients in terms of ocular surface, MG loss and DED measurements.
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Background
The intravitreal injection (IVI) procedure has become 
the most prevalent intraocular procedure in current oph-
thalmology praxis [1, 2]. Among its primary applications 
is anti-vascular endothelial growth factor (VEGF) treat-
ment for neovascular age-related macular degeneration 
(nAMD). Due to the natural course of the disease, nAMD 
patients often undergo frequent intravitreal injections 
over extended periods [3, 4].

Each intravitreal injection requires sterile prepara-
tion of the ocular surface, typically employing povi-
done-iodine (PI), which is widely acknowledged for its 
effectiveness in sterilizing the operative area to mitigate 
the risk of infective endophthalmitis [5]. However, it has 
been reported that PI can have deleterious effects on the 
corneal epithelium, leading to ocular surface inflamma-
tion [6, 7]. Ocular surface inflammation is a significant 
contributing factor to dry eye disease (DED), particularly 
in the evaporative type, which is also linked to meibo-
mian gland dysfunction (MGD) [8]. The primary objec-
tive of the present study was to assess the impact of serial 
IVI on the ocular surface, meibomian glands (MG) and 
DED in patients with unilateral nAMD receiving anti-
VEGF treatment.

Materials and methods
This cross-sectional study was carried out in compli-
ance with the principles of the Declaration of Helsinki. 
Prior to their involvement in the research, all partici-
pants provided written consent for the utilization of their 
data. Approval for the study’s ethical considerations was 
granted by the Ethical Committee of Zonguldak Bülent 
Ecevit University (2023/06–2).

The study recruited patients who were diagnosed 
with unilateral nAMD and who had undergone a mini-
mum of 6 consecutive IVIs of anti-VEGF treatments at 
the Department of Ophthalmology, Zonguldak Bulent 

Ecevit University Hospital. The exclusion criteria 
included patients with eyelid disorders (such as ectro-
pion, entropion, or trichiasis), a history of eye surgery, 
the use of topical medications, and diabetes mellitus or 
autoimmune diseases. Patient demographic details and 
their previous IVI history were retrieved from electronic 
records.

Patients underwent standard IVI preparation involving 
topical anesthesia (proparacaine HCl, Alcaine, Alcon), 
cleaning of periocular skin and lashes with 10% PI, and 
subsequent ocular surface asepsis with 5% PI for 2 min. 
Prior to IVI administration, the ocular surface was 
washed with saline. All IVIs were administered by the 
same surgeon (S.B.) in the inferotemporal quadrant of 
the eyes. No saline washout was conducted after IVI, and 
no topical treatments, such as antibiotics or ocular lubri-
cants, were prescribed.

Four weeks after the final injection, all participants 
underwent a comprehensive ophthalmological exami-
nation. Ocular surface and MG assessments were con-
ducted in a row to minimize subsequent measurement 
interference. These assessments included the ocular 
surface disease index (OSDI) evaluation, noninvasive 
tear film break-up time (first and average, fNITBUT and 
avgNITBUT, respectively), Schirmer-1 test, corneal and 
conjunctival fluorescein staining graded according to the 
Oxford scale, and meibography.

Participants completed the OSDI questionnaire for 
subjective symptom evaluation [9]. The NI-TBUT was 
measured using the Phoenix-Tear film imaging module 
on a Sirius Topography device (Costruzione Strumenti 
Ophthalmici, Florence, Italy). The Schirmer-1 test was 
performed using sterile strips, and corneal staining was 
assessed with fluorescein paper [10, 11]. Meibography 
was conducted using the Phoenix-Meibography Imaging 
software (v. 3.2.1.20) module of the Sirius Topography 
device, which captures images of the upper and lower 
eyelids to visualize the MG. MG that were not visible on 
meibography were recorded as “MG loss.” (Fig. 1).

Statistical analyses
The statistical analysis was performed utilizing SPSS 22.0 
(SPSS Inc.). Descriptive statistics are presented as the 
mean ± standard deviation. Variables that were quantita-
tive and nonnormally distributed were described using 
the median and interquartile range (IQR). The normality 
of the distribution was assessed using the Shapiro‒Wilk 
test. Paired-sample t tests were performed for normally 
distributed data, and the Wilcoxon signed-rank test was 
performed for nonnormally distributed data to identify 
differences between groups. Pearson and Spearman cor-
relations were calculated to determine the correlation 
between the clinical characteristics of patients and the 
differences in ocular surface parameters. A significance Fig. 1 Meibomian gland loss rate analysis on meibography image
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level of p < 0.05 was considered statistically significant in 
all analyses.

Results
A total of 42 (22 female and 20 male) patients with a 
mean age of 65.04 ± 12.4 years were included in the study. 
The mean OSDI score was 15.1 ± 16.5, and the median 
IVI number was 9 (range 6–24) (Table 1).

The median fNITBUT was 5.6 (IQR, 3.1–9.1) sec in 
treated eyes and 4.5 (IQR, 2.6–9.7) sec in untreated 
fellow eyes (p = 0.872). The median avgNITBUT was 
6.2 (IQR, 4.1–11.8) sec in treated eyes and 7.7 (IQR, 
24.4–10.4) sec in untreated fellow eyes (p = 0.968). The 
median Schirmer-1 score was 7 (IQR, 5–12) mm in 
treated eyes and 7 (IQR, 4–12) mm in untreated fellow 
eyes (p = 0.854). The mean Oxford score was 0.3 ± 0.4 
in treated eyes and 0.2 ± 0.3 in untreated fellow eyes 
(p = 0.341). The mean MG loss rate was 56.4 ± 6.7% in 
treated eyes and 54.8 ± 6.2% in untreated fellow eyes 
(p = 0.162). There were no statistically significant differ-
ences between treated and untreated fellow eyes regard-
ing fNITBUT, avgNITBUT, the Schirmer-1 test, corneal 
staining or MG loss. (Table 2)

Regarding the correlations of age, sex, OSDI score and 
IVI number with NITBUT, Schirmer, corneal staining 
and MG loss in treated eyes, the only significant corre-
lation was found between age and MG loss (p = 0.041). 
(Table 3)

Discussion
The effects of serial intravitreal anti-VEGF treatment 
with PI asepsis on the ocular surface and MG were inves-
tigated in the present study. In contrast to our hypoth-
esis that repeated exposure to PI may affect the ocular 
surface and MG morphology, the present study showed 
that serial IVI procedures with PI asepsis resulted in no 
difference in NITBUT, Schirmer, corneal staining, or MG 
loss compared to untreated fellow eyes in patients with 
nAMD.

The primary concern with repeated anti-VEGF therapy 
is the risk of endophthalmitis, prompting a standard-
ized antisepsis procedure on the ocular surface before 
each IVI to reduce this risk [12]. PI is favored for its 
broad antimicrobial spectrum, as it can effectively target 
various microorganisms, including antibiotic-resistant 
strains [13]. Studies have demonstrated acute damage 
to the ocular surface following IVI, mostly as a result of 
the acute toxic effect of PI on the corneal epithelium, 

Table 1 Demographical data and clinical characteristics of 
patients
Parameter n:42
Gender (n, %)
 Female 22 (52.3%)
 Male 20 (47.7%)
Age (mean ± std) 65.04 ± 12.4
OSDI (mean ± std) 15.1 ± 16.5
IVI  (median - range) 9 (6–24)
OSDI: Ocular surface disease index, IVI: Intravitreal injection

Table 2 Comparison of dry eye and ocular surface measures, 
and meibomian gland loss rate between groups
Parameter IVI treated 

eyes
Untreated 
fellow eye

p

fNITBUT
sec, med (IQR) 5.6 (IQR, 

3.1–9.1)
4.5 (IQR, 
2.6–9.7)

0.872*

avgNITBUT
sec, med (IQR) 6.2 (IQR, 

4.1–11.8)
7.7 (IQR, 
24.4–10.4)

0.968*

Schirmer-1
mm/5 min, med (IQR) 7 (IQR, 5–12) 7 (IQR, 4–12) 0.854*

Oxford score
mean ± std 0.3 ± 0.4 0.2 ± 0.3 0.341π

Lower eyelid MG loss rate
%, mean ± std 29.3 ± 3.4 28.4 ± 3.2 0.162π

Upper eyelid MG loss rate
%, mean ± std 27.1 ± 3.2 26.9 ± 2.9 0.476π

fNITBUT: First non-invasive tear break-up time, avgNITBUT: Average non-
invasive tear break-up time, MG: Meibomian gland, * Wilcoxon signed-rank test, 
π Paired-sample t-test

Table 3 Correlation analysis in eyes treated with intravitreal injections
OSDI fNITBUT avgNITBUT Schirmer-1 Corneal staining Lower eyelid MG Loss* Upper eyelid MG Loss*

OSDI - r: 0.058 r: -0.333 r: 0.070 r: 0.313 r: -0.075 r: -0.071
p = 0.774 p = 0.089 p = 0.727 p = 0.082 p = 0.709 p = 0.729

Age r: 0.083 r: -0.350 r: -0.337 r: -0.168 r: 0.169 r: 0.396 r: 0.365
p = 0.680 p = 0.073 p = 0.086 p = 0.403 p = 0.103 p = 0.041 p = 0.047

Gender r:- 0.146 r: -0.118 r: 0.154 r: -0.263 r: 0.283 r: 0.223 r: 0.232
p = 0.478 p = 0.556 p = 0.453 p = 0.195 p = 0.280 p = 0.274 p = 0.284

IVI no. r: -0.012 r: -0.174 r: -0.160 r: 0.296 r: 0.238 r: 0.218 r: 0.222
p = 0.954 p = 0.385 p = 0.425 p = 0.095 p = 0.108 p = 0.274 p = 0.228

OSDI: Ocular surface disease index, IVI: Intravitreal injection, fNITBUT: First non-invasive tear break-up time, avgNITBUT: Average non-invasive tear break-up time, 
MG: Meibomian gland

Spearman’s correlation test, *Pearson correlation test
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which depends on its concentration [6, 7]. Addition-
ally, the impact of perioperative use of topical antibiot-
ics and anesthetics on the ocular surface should be noted. 
However, there is potential for ocular surface recovery 
between IVI intervals. Understanding the long-term 
effects of serial IVI on the ocular surface is crucial for its 
management.

Chronic exposure to PI antisepsis due to the need for 
repeated IVI in the treatment of nAMD raises concerns 
about the possibility of DED induction/exacerbation in 
this cohort. The present study revealed no significant dif-
ferences in the fNITBUT, avgNITBUT, Schirmer test, or 
Oxford score between IVI-treated eyes and untreated fel-
low eyes in nAMD patients. Recently, in their meta-anal-
ysis of the effect of serial IVI procedures on DED, Gao 
et al. also revealed that there was a significant increase 
in the OSDI score and osmolarity of the tear film, but 
there was no significant difference between treated and 
untreated eyes in the fluorescein TBUT, fNITBUT, avg-
NITBUT, or Schirmer test [14]. On the other hand, there 
was no correlation between IVI number and OSDI score 
in the present study. This result may have been affected 
by the relatively limited range of IVIs. The IVIS study also 
revealed no relationship between the OSDI score and the 
number of IVIs received [15].

MGs are responsible for the secretion of the lipid layer 
of the tear film, which maintains tear film stability. MGD 
is associated with evaporative DED [16]. There are con-
flicting findings regarding the impact of anti-VEGF treat-
ment procedures on MG structure [17–19]. Kiyat et al. 
and Polat et al. revealed significant MG loss in the IVI 
treatment group [17, 18]. However, they both prescribed 
topical antibiotics for prophylaxis of endophthalmitis, 
which may have increased the exposure burden to MG. 
In addition, in the latter, comparison to healthy con-
trols and the presence of diabetes may have affected the 
results. In contrast, Malmin et al. reported reduced MG 
loss in nAMD eyes treated with IVI, which was attributed 
to decreased inflammation of the eyelid that continued 
after treatment owing to the anti-VEGF agent or PI itself 
[19]. Our results showed no significant difference in MG 
loss between treated eyes and untreated fellow eyes, but 
there was a significant correlation with aging, as reported 
previously [20]. It may also prevent MG loss in the pres-
ent study because no patient received topical medication 
after IVI.

Another aspect to consider is whether anti-VEGF 
treatment itself might influence dry eye measures and 
MG. VEGF is a proinflammatory agent that promotes the 
release of cytokines such as interleukin 6 and 8, as well as 
tumor necrosis factor-a [21]. VEGF levels are greater in 
tears from DED patients than in those from healthy con-
trols [22]. Jiang et al. revealed that anti-VEGF administra-
tion to the MG improves dry eye measurements, such as 

conjunctival redness and tear break-up time, in patients 
with MGD [23]. While systemic absorption of anti-VEGF 
agents is generally low, potential effects on nearby tissues 
cannot be entirely dismissed [24, 25].

The present study had several limitations, including its 
cross-sectional design, semiautomatic evaluation of MG 
loss, and lack of tear osmolarity measurement and stain-
ing with lisamine green. Although the fellow untreated 
eye was used as the control group in the present study to 
mitigate the impact of systemic conditions on the results, 
the lack of a detailed analysis of systemic diseases and 
medications used by the participants can also be con-
sidered another limitation of the study [26]. Therefore, a 
prospective multicenter clinical study with a larger sam-
ple size and longer follow-up period may be warranted in 
the future to reveal the longitudinal effect of IVIs on the 
ocular surface, MG loss and DED.

In conclusion, the results of the present study demon-
strated that serial IVI of anti-VEGF agents with PI asep-
sis is well tolerated by nAMD patients in terms of ocular 
surface area, MG loss and DED measurements. The ocu-
lar surface may partially recover after IVI procedures. 
After undergoing IVI procedures, there might be some 
improvement in the condition of the ocular surface. Since 
dry eye significantly affects quality of life, it is important 
to closely monitor patients’ ocular surface health during 
the perioperative period. More research, particularly pro-
spective studies focusing on various aspects of dry eye, is 
needed to confirm these findings and better understand 
the underlying mechanisms involved.
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