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Abstract
Aim: Prostaglandin analogs (PGAs), which are widely used in the treatment of glaucoma, may lead to periorbital changes collectively referred to as 
prostaglandin-associated periorbitopathy syndrome (PAPS). This study aims to compare the effects of different antiglaucoma eye drops and their durations 
of use on the periorbital region.
Materials and Methods: In this cross-sectional clinical study, patients diagnosed with glaucoma who were using antiglaucoma eye drops were evaluated. The 
patients were divided into three groups: those using PGAs (Group 1), those using non-PGA medications (Group 2), and those not using any medication (Group 3). 
Periorbital measurements, including margin reflex distance 1 (MRD1), levator function (LF), inferior scleral show, deepening of the upper eyelid sulcus (DUES), 
malar edema, and lower eyelid fat herniation, were assessed.
Results: MRD1 was significantly lower in Group 1 than in the other groups (p = 0.0001). LF was lowest in Group 1, higher in Group 2, and highest in Group 3 
(p = 0.0001). DUES was most prominent in Group 1, less pronounced in Group 2, and least observed in Group 3 (p = 0.0001). As the duration of medication 
use increased, a decrease in MRD1 and LF was observed in both Group 1 (p = 0.0001 and p = 0.0001, respectively) and Group 2 (p = 0.001 and p = 0.0001, 
respectively). While DUES became more prominent with increased medication duration in Group 1 (p = 0.007). 
Discussion: PGAs were associated with a decrease in MRD1 and LF values, leading to ptosis and DUES. Other antiglaucoma eye drops did not cause significant 
ptosis but were linked to certain periorbital changes. 
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Introduction
Glaucoma is the second leading cause of irreversible blindness 
worldwide [1]. Glaucoma-associated progressive optic 
neuropathy leads to a reduction in visual acuity and constriction 
of visual fields [1]. The standard treatment for glaucoma 
is the control of intraocular pressure (IOP) with topical anti-
glaucoma medications. These topical drugs require multiple 
dosing and long-term use. However, ocular surface toxicity and 
tear film abnormalities caused by these medications present 
a serious issue, affecting the entire ocular surface, including 
the conjunctiva, cornea, and eyelids [2]. Topical prostaglandin 
analogs (PGAs; also known as prostanoid prostaglandin F 
receptor agonists) are commonly preferred as first-line medical 
treatments for glaucoma patients. However, the use of these 
medications has been reported to lead to progressive periorbital 
changes and the development of periorbital side effects known 
as prostaglandin-associated periorbital syndrome (PAPS) [3,4]. 
The commonly reported signs and symptoms of PAPS include 
hyperpigmentation of the periorbital skin, trichomegaly and 
hypertrichosis of the eyelashes, deepening of the upper eyelid 
sulcus, flattening of the lower eyelid bags, upper eyelid ptosis, 
mild enophthalmos, inferior scleral visibility, and involution 
of dermatochalasis [3]. Although the mechanism of PAPS 
is not completely understood, it is believed that the primary 
pathophysiology involves orbital fat atrophy, which is thought 
to occur through the inhibition of adipogenesis via stimulation 
of Prostaglandin F receptors in adipocytes [5]. It has even been 
found that early-onset periorbopathy can develop within just 
one month of starting PGA use [6]. The most prominent feature 
of PAPS is the development, deepening of the upper eyelid 
sulcus (DUES) [7–9]. While PGAs can cause significant changes 
in the periorbital tissues, there is limited information regarding 
such effects with non-PGA glaucoma drops. The periorbital 
effects of other glaucoma drops are less pronounced and 
require further investigation. 
The aim of our study is to analyze the changes observed in the 
periorbital region in patients using anti-glaucoma drops, based 
on the type of medication and duration of use.

Materials and Methods
This study was designed as a single-center, cross-sectional 
study and was conducted between June 2025 and July 2025 at 
the Department of Ophthalmology, Dünyagöz Ataşehir Hospital. 
This study included both eyes of patients diagnosed with 
glaucoma who had been using at least one anti-glaucomatous 
eye drop for at least one year. Patients using PGA drops 
(latanoprost, travoprost, bimatoprost, or tafluprost) either alone 
or in combination with other drops were classified as Group 1. 
Patients using non-PGA antiglaucomatous drops (adrenergic 
agonists, beta-blockers, carbonic anhydrase inhibitors) were 
classified as Group 2. The control group (Group 3) consisted of 
glaucoma patients who were not using any eye drops.
The age, gender, treatment duration, and the specific glaucoma 
medications used by each patient were recorded. As the study 
was conducted at a tertiary healthcare center and referral 
hospital, many patients were using multiple anti-glaucoma 
medications, with the most common being the combination of 

PGA and other eye drops. Therefore, in the study, the effects of 
anti-glaucoma drops on the periorbital region were compared 
between patients using a combination of medications with 
and without PGA, either as a single or combined treatment. 
To exclude conditions that could contribute to periorbital 
findings, a detailed patient history was obtained, and a physical 
examination was conducted.
Exclusion criteria included individuals with a known allergy to 
the anti-glaucoma medication used, those who had undergone 
ocular surgery within the last 6 months before the study, 
those with a history of any ocular plastic surgery, individuals 
with a history of eyelid trauma, those with a known history 
of exophthalmos or enophthalmos prior to anti-glaucoma 
treatment, patients with orbital and adnexal fractures, contact 
lens users, those with thyroid orbitopathy, and those with a 
history of carotid-cavernous fistula or neurological disorders.
The patients enrolled in the study were examined in the 
Oculoplastic and Orbital Surgery Department. Orbital and 
adnexal measurements were taken, including the margin-
reflex distance 1 (MRD1), levator function (LF), inferior scleral 
appearance, DUES, malar edema, and lower eyelid fat herniation 
grades. The lower eyelid position was assessed, and the 
presence of entropion, ectropion, and trichiasis was recorded. 
All patients’ photographs were taken with a digital camera (E-
PL3 14-42 mm lens; Olympus; China) from a distance of 30 cm, 
without flash and under ambient light conditions. These photos 
were analyzed by two oculoplastic specialists (E.S.E., S.H.) to 
verify the physical examination findings, and when they agreed, 
the findings were confirmed.
MRD1 measurement was performed to detect blepharoptosis. 
During the LF measurement, the patient’s eyebrow was 
stabilized with the researcher’s thumb. The patient was asked 
to look up and then look down. The eyelid movement range was 
measured using a ruler. The inferior scleral appearance was 
assessed by considering the contact between the lower eyelid 
and the limbus in a smooth contour as 0 mm, while the distance 
between the lower eyelid and the lower limbus was measured 
in millimeters. DUES was graded using a modified version of 
previous methods, based on the relationship of the upper sulcus 
with the upper orbital rim. A scale from 1 to 3 was used [10]. 
Malar edema was graded according to the classification by Lam 
and colleagues [11]. Lower eyelid fat herniation was classified 
by Liu and colleagues [12].
Statistical Method
Statistical analysis for this study was performed using IBM 
SPSS version 26.0 software. Descriptive statistics (frequency, 
percentage, median, interquartile range (IQR), and minimum-
maximum values) were calculated for the demographic data and 
eyelid measurements of the participants, grouped by glaucoma 
groups and the control group. The Chi-square test was used 
for comparisons of categorical variables. For intergroup 
comparisons of all numerical parameters, the Kruskal-Wallis 
test was applied, as the parameters did not follow a normal 
distribution. The Mann-Whitney U test was used for post hoc 
comparisons. The normality of the parameters was assessed 
using the Shapiro-Wilk test. All statistical analyses were 
conducted with a 95% confidence interval, and significance 
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was considered at p < 0.05.
Ethical Approval
This study was approved by the Ethics Committee of Bahçeşehir 
University (Date: 2025-06-18, No: 2025-10/01).

Results
A total of 110 eyes using PGA drops for glaucoma (Group 1), 
54 eyes using non-PGA anti-glaucoma drops (Group 2), and 192 
eyes with no drop usage (Group 3) were included in the study. 
There was no statistically significant difference between the 

groups in terms of age (p = 0.385), gender (p = 0.682), and 
visual acuity in LogMAR (p = 0.657). 
There is a statistically significant difference in MRD1 between 
the groups (p = 0.0001). MRD1 in Group 1 (2.76 ± 0.99) is 
significantly lower than in Group 2 (3.19 ± 0.77) (p = 0.008). 
Furthermore, MRD1 values in Group 1 (2.76 ± 0.99) are 
significantly lower than those in Group 3 (3.37 ± 0.86) (p = 
0.0001) (Table 1).
There is a statistically significant difference in LF between the 
groups (p = 0.0001). LF is the lowest in Group 1 and the highest 

Parameters Grup 1 (n=110) Grup 2 (n=54) Grup 3 (n=192) p

Median Min-Max Mean±SD Median Min-Max Mean±SD Median Min-Max Mean±SD

MRD1 (mm) 3 0-4,5 2,76±0,99 3 1-5,5 3,19±0,77 3 1.5 3,37±0,86 0,0001**¹

LF (mm) 12 4.18 12,04±2,7 13 07.17 13,07±2,35 15 4.17 14,77±1,51 0,0001**¹

Inferior Scleral Appearance (mm) 0 0-3 0,38±0,61 0 0-1 0,3±0,39 0 0-2 0,14±0,4 0,0001**¹

Lower Eyelid Fat Herniation 1 0-3 0,99±0,82 1 0-3 1,13±0,78 1 0-3 0,79±0,69 0,006**¹

DUES 1 0-3 1,45±0,87 0 0-2 0,61±0,74 0 0-3 0,22±0,53 0,0001**¹

Malar Edema 1 0-2 0,64±0,55 1 0-1 0,53±0,5 0 0-2 0,17±0,43 0,0001**¹

Ectropion n (%) n (%) n (%)

Absent 106 (96,4) 51 (94,4) 190 (99)
0,118²

Present 4 (3,6) 3 (5,6) 2 (1)

¹: Kruskal-Wallis test; ²: Chi-Square test; **: p < 0,01, Min-Max: Minimum-Maximum, Mean ± SD: Mean ± Standard Deviation, p: p value, mm: millimeter, MRD1: Marjin-reflex distance 1, LF: 
Levator Function, DUES: Deepening upper eyelid sulcus.

Table 1. Group comparisons

Table 2. Group 1 – comparison by duration

Group 1 0-5 years n=24 6-10 years n=24 ≥11 years n=62 p

Median Min-Max Mean±SD Median Min-Max Mean±SD Medİan Min-MaX Mean±SD

MRD1 (mm) 3,75 3-4,5 3,65±0,6 3 1.4 2,94±0,8 2,5 0-4 2,35±1 0,0001**¹

LF (mm) 15 10.18 14,17±2,4 14 8.17 12,96±2,1 12 4.14 10,85±2,3 0,0001**¹

Inferior Scleral Appearance (mm) 0 0-1 0,33±0,4 0 0-1,5 0,17±0,4 0 0-3 0,48±0,7 0,107

Lower Eyelid Fat Herniation 0 0-2 0,67±0,9 1 0-2 0,75±0,6 1 0-3 1,21±0,8 0,006**¹

DUES 1 0-2 1±0,6 2 0-3 1,29±1 1 0-3 1,68±0,8 0,007**¹

Malar Edema 1 0-1 0,75±0,4 0,5 0-2 0,58±0,7 1 0-2 0,62±0,6 0,392

Ectropion n (%) n (%) n (%)

Absent  24 (100) 24 (100) 58 (93,5)
0,201²

Present  0 (0) 0 (0) 4 (6,5)

¹: Kruskal-Wallis test; ²: Chi-Square test; **: p < 0,01, Min-Max: Minimum-Maximum, Mean ± SD: Mean ± Standard Deviation, p: p value, mm: millimeter, MRD1: Marjin-reflex distance 1, LF: 
Levator Function.

Table 3. Group 2 – comparison by duration

Group 2 0-5 years n=22 6-10 years n=14 ≥11 years n=18 p

Median Min-Max Mean±SD Median Min-Max Mean±SD Median Min-Max Mean±SD

MRD1 3,5 3-5,5 3,64±0,6 3 2.4 2,82±0,6 3 1.4 2,94±0,8 0,001**¹

LF 15 10.17 14,68±1,7 12,5 9.15 11,79±2 13 7.14 12,11±2,2 0,0001**¹

Inferior Scleral Appearance (mm) 0 0-1 0,32±0,5 0 0-1 0,21±0,3 0,5 0-1 0,33±0,3 0,608¹

Lower Eyelid Fat Herniation 1 0-2 0,77±0,6 1 1.3 1,57±0,8 1 0-3 1,22±0,8 0,008**¹

DUES 0 0-1 0,36±0,5 0,5 0-2 0,79±0,9 1 0-2 0,78±0,8 0,205¹

Malar Edema 1 0-1 0,57±0,5 0 0-1 0,43±0,5 1 0-1 0,56±0,5 0,686¹

Ectropion

Absent 19 (86,4) 14 (100) 18 (100)
0,099²

Present  3 (13,6) 0 (0) 0 (0)

 ¹: Kruskal-Wallis test; ²: Chi-Square test; *: p<0,05, **: p < 0,01, Min-Max: Minimum-Maximum, Mean ± SD: Mean ± Standard Deviation, p: p value, mm: millimeter, MRD1: Marjin-reflex distance 
1, LF: Levator Function, DUES: Deepening upper eyelid sulcus.
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in Group 3 (Table 1).
There is a statistically significant difference in inferior scleral 
appearance between the groups (p = 0.0001). There is a 
significant difference between Group 1 and Group 3 (p = 0.0001) 
as well as between Group 2 and Group 3 (p = 0.0001). The 
inferior scleral appearance in patients using anti-glaucomatous 
eye drops (Groups 1 and 2) was measured as higher compared 
to Group 3, which did not use eye drops (Table 1). There is a 
statistically significant difference in lower eyelid fat herniation 
between the groups (p = 0.006). A significant difference was 
observed between Group 1 and Group 3 (p = 0.035) and between 
Group 2 and Group 3 (p = 0.003). Lower eyelid fat herniation in 
patients using anti-glaucomatous eye drops (Groups 1 and 2) 
was measured as higher compared to Group 3, which did not 
use eye drops (Table 1).
There is a statistically significant difference in DUES between 
the groups (p = 0.0001). The highest upper eyelid sulcus 
deformity values were observed in Group 1, while the lowest 
values were observed in Group 3. A statistically significant 
difference was found between all groups (Group 1 vs Group 3, p 
= 0.0001; Group 2 vs Group 3, p = 0.0001; Group 1 vs Group 2, 
p = 0.0001) (Table 1).
There is a statistically significant difference in malar edema 
between the groups (p = 0.0001). A significant difference was 
found between Group 1 and Group 3 (p = 0.0001) and between 
Group 2 and Group 3 (p = 0.0001). Malar edema values in 
patients using antiglaucomatous eye drops (Groups 1 and 2) 
were higher compared to Group 3, which did not use eye drops 
(Table 1).
None of the patients showed entropion or trichiasis. However, 
there was no statistically significant difference between the 
groups in terms of ectropion (p = 0.118) (Table 1).
In Group 1, there is a statistically significant difference in MRD1 
and LF measurements according to the duration of medication 
use (p = 0.0001, p = 0.0001, respectively). As the duration of 
medication use increases, MRD1 and LF values decrease (Table 
2).
In Group 1, there is a statistically significant difference in lower 
eyelid fat herniation and upper eyelid sulcus deformity values 
according to the duration of medication use (p = 0.006, p = 
0.007, respectively). Patients who have used PGAs for more 
than 10 years showed an increase in lower eyelid fat herniation 
and DUES compared to those who used them for less than 10 
years (Table 2).
In Group 1, there is no statistically significant difference in 
inferior scleral appearance and malar edema values according 
to the duration of medication use (p = 0.107, p = 0.392, 
respectively) (Table 2).
In Group 1, there is no statistically significant difference in 
ectropion based on the duration of medication use (p = 0.201) 
(Table 2).
In Group 2, there is a statistically significant difference in 
MRD1 and LF measurements according to the duration of 
medication use (p = 0.001, p = 0.0001, respectively). MRD1 
and LF measurements are significantly lower in the 6-10 year 
group compared to the 0-5 year group (p = 0.001, p = 0.0001, 
respectively). Similarly, in the 11+ years group, MRD1 and LF 
values are significantly lower compared to the 0-5 year group 

(p = 0.006, p = 0.0001, respectively) (Table 3).
In Group 2, there is a statistically significant difference in the 
inferior eyelid fat herniation values according to the duration of 
medication use (p = 0.008). This difference is due to the higher 
inferior eyelid fat herniation values in the 6-10 year medication 
use group compared to the 0-5 year group (p = 0.003) (Table 3).
In Group 2, there is no statistically significant difference in 
inferior scleral appearance, DUES, and malar edema values 
according to the duration of medication use (p = 0.608, p = 
0.205, p = 0.686, respectively) (Table 3).
In Group 2, there is no statistically significant difference in 
ectropion according to the duration of medication use (p = 
0.099) (Table 3).

Discussion
In this study, glaucoma patients using either combined or single 
PGA, those using other antiglaucomatous drops (excluding PGA), 
and those not using any eye drops were compared in terms of 
periorbital changes.
Antiglaucomatous eye drops, especially PGAs, can cause various 
changes around the eyes. These changes are known as PAPS 
and are observed as hyperpigmentation, ptosis, deepening 
of the upper eyelid sulcus, and periorbital fat loss [3,4,7]. 
Periorbital and ocular surface changes have also been observed 
with other antiglucomatous drops, excluding PGAs [2,13,14]. 
Topical antiglaucoma drops like beta-blockers, apraclonidine, 
brimonidine, and dorzolamide can cause periorbital dermatitis, 
allergic edema, and fibrosis, potentially leading to reversible or 
scarred eyelid ectropion, especially in predisposed individuals 
[2,13–16]. PGAs are characterized by their strong intraocular 
pressure (IOP) lowering effects, minimal systemic side effects, 
and a once-daily dosing regimen, which contributes to good 
patient compliance [7,17]. Among these agents are latanoprost 
(0.005%), travoprost (0.004%), bimatoprost (0.01% and 
0.03%), and tafluprost (0.0015%). Various methods have been 
suggested in the literature for grading PAPS [8,18]. In one study, 
the prevalence of PAPS (defined as patients with deepening of 
the upper eyelid sulcus + at least three additional clinical signs) 
was found to be over 40%. It was particularly determined that 
patients over 60 years old have a threefold increased risk of 
developing PAPS [19].
Factors contributing to the severity of PAPS include the type of 
PGA and the duration of use. Risk factors for the development of 
PAPS include age (with a particularly significant relationship in 
individuals over 60 years old), the technique of drop application, 
and the duration of use [7,17,19–22]. 
Consistent with the literature, in this study, the MRD1 value 
was significantly lower in the PGA group compared to the other 
groups. The use of non-PGA anti-glaucomatous eye drops did 
not show a significant effect on MRD1 value or ptosis. Similarly, 
the LF value was found to be lower in patients using anti-
glaucomatous eye drops, with or without PGA, compared to 
those not using any drops. No established relationship between 
LF and anti-glaucomatous drops has been demonstrated in the 
literature. 
In our study, inferior scleral show, lower eyelid fat herniation, 
and malar edema were more common in patients using 
antiglaucomatous drops, possibly due to mechanical trauma 
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during drop application—particularly with beta-blockers, 
dorzolamide, and brinzolamide [13,14]. These findings, though 
not classic components of PAPS, were not observed in non-drop 
users. Inferior scleral show was not increased in the PGA group, 
likely due to the lack of distinction between bimatoprost and 
other PGAs. As expected, upper eyelid sulcus deformity was 
most prominent in the PGA group and was associated with 
longer duration of drop use [23]. 
In this study, MRD1 values in the group using PGAs decreased 
as the duration of use increased. In other words, the longer 
the duration of drop usage, the greater the development of 
pitosis. Similarly, LF measurements decreased with increasing 
drop usage duration. We believe that fibrosis develops in the 
levator muscle with prolonged use of anti-glaucomatous drops. 
Supporting this argument, a study demonstrated that acquired 
blepharoptosis occurs as a combined effect of degenerative 
changes in the levator palpebrae superioris muscle and its 
aponeurosis, and a significant relationship was found between 
the severity of blepharoptosis and the reduction in levator 
muscle function [24].
DUES was found to be significantly more severe in patients 
using PGA for 11 years or more. Literature reports that upper 
eyelid sulcus deformity can begin as early as 3-6 months 
after starting treatment. The reason we observed this finding 
in the 0-5 year group in our study may be due to the lack of 
subgrouping by specific PGA medications. As is well known, 
upper eyelid sulcus deformity has most frequently been reported 
with bimatoprost [25].
Limitation
This study has several limitations. First, the sample size was 
relatively small, which may have limited the ability to detect 
certain findings, such as ectropion, or to distinguish between 
different prostaglandin analog (PGA) derivatives. Second, 
the lack of subgroup analysis for individual medications may 
have masked drug-specific effects. Third, due to the cross-
sectional design of the study, no causal inferences can be made 
regarding the relationship between the duration of drop use 
and periorbital changes. Lastly, in Group 1, some patients were 
using combination therapies containing prostaglandins along 
with other agents, which may have introduced confounding 
effects and limited the ability to attribute the observed changes 
solely to prostaglandin analogs.
Conclusion
In patients using PGAs, significant reductions in MRD1 and 
LF values were found, which were associated with ptosis and 
fibrotic changes in the levator muscle. Upper eyelid sulcus 
deformity became more pronounced, especially with long-term 
PGA use, and was observed to be severe in patients using PGAs 
for more than 11 years. 
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