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Purpose: Although aponeurotic ptosis is typically bilateral, the specific risk factors for unilateral cases remain unclear. Thus, we 
aimed to identify factors associated with unilateral aponeurotic ptosis by comparing eyes that underwent surgery with their non-ptotic 
contralateral counterparts.
Patients and Methods: This retrospective observational clinical study included patients who underwent levator resection for 
aponeurotic ptosis at the Fukui University Hospital, between April 1, 2014, and March 31, 2024, were included. The contralateral non- 
ptotic eye served as the internal control. The presence of risk factors, such as a history of filtering surgery, prostaglandin analog use, 
cataract surgery, and vitrectomy, was compared between the operated and fellow eyes using McNemar’s test. Firth’s penalized logistic 
regression analysis was performed to identify independent risk factors for unilateral aponeurotic ptosis.
Results: Sixty-eight patients were included in the analysis, with both eyes (136 eyes in total) evaluated. Glaucoma filtering surgery, 
prostaglandin analog use, and cataract surgery were significantly more frequent in operated eyes (P = 0.004, P = 0.045, and P = 0.002, 
respectively). Multivariate analysis showed that filtering surgery [odds ratio (OR) = 17.6, P = 0.009] and cataract surgery (OR = 2.07, 
P = 0.046) were independently associated with unilateral ptosis.
Conclusion: Prior glaucoma filtering and cataract surgeries are significant risk factors for the development of unilateral aponeurotic 
ptosis.
Keywords: unilateral aponeurotic ptosis, glaucoma filtering surgery, cataract surgery, prostaglandin analog, risk factors

Introduction
Aponeurotic ptosis is the most common form of acquired ptosis in older adults and is typically attributed to age-related 
dehiscence or disinsertion of the levator aponeurosis.1,2 It usually presents bilaterally; however, some patients may 
present with unilateral ptosis despite the absence of any apparent congenital, neurogenic, or myogenic cause. Although 
aponeurotic ptosis is prevalent in the aging population, the frequency and mechanisms underlying unilateral presentation 
remain insufficiently characterized.

Several ocular conditions and treatments, including glaucoma filtering surgery,3–11 long-term use of prostaglandin 
analogs,12–14 and cataract surgery,15–17 can induce mechanical or inflammatory changes that may contribute to degen
eration of the levator aponeurosis. Moreover, habitual rigid gas permeable contact lens wear is a well-recognized 
iatrogenic factor associated with ptosis due to repeated manipulation of the eyelid.18–20 Furthermore, several systemic 
conditions, including dyslipidemia, obesity, impaired glucose metabolism, and diabetes mellitus, have been reported as 
potential risk factors for ptosis.21–25 These conditions may contribute to ptosis through metabolic and microvascular 
dysfunction, chronic low-grade inflammation, and age-related connective tissue degeneration affecting the levator 
aponeurosis. However, most previous studies have compared ptotic eyes with unrelated control groups, which may be 
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confounded by interindividual differences in age, anatomy, and systemic factors. Only a limited number of studies have 
employed within-patient inter-eye comparisons to evaluate local ocular risk factors that may contribute to asymmetric 
disease manifestation.

Clinically, unilateral aponeurotic ptosis is of particular importance because it often results in noticeable cosmetic 
asymmetry, patient dissatisfaction, and challenges in surgical planning, including the selection of surgical technique and 
prediction of postoperative symmetry. Therefore, a better understanding of factors associated with unilateral involvement 
is essential for both etiological insight and clinical management.

Accordingly, this study aimed to identify risk factors associated with unilateral aponeurotic ptosis by using the fellow 
non-ptotic eye of the same individual as an internal control, thereby minimizing interindividual confounding and 
enabling a more precise assessment of local ocular contributors to asymmetric ptosis.

Material and Methods
Patient Selection
This retrospective clinical cohort study was approved by the Institutional Review Board of Fukui University Hospital in 
Japan and conducted in accordance with the Declaration of Helsinki. The requirement for informed consent was waived 
given the retrospective nature of the study. All patient data were anonymized prior to analysis, and confidentiality of 
patient information was strictly maintained in accordance with institutional and ethical guidelines.

We included patients who underwent surgery between April 1, 2014, and March 31, 2024, at Fukui University 
Hospital. All included patients underwent levator resection for unilateral aponeurotic ptosis, with the fellow eye without 
ptosis used as the control. Patients aged ≤20 years, as well as those with congenital, neurogenic, or myogenic ptosis, were 
excluded from the study.

Outcome Measures and Data Collection
We collected data on age, sex, history of rigid gas permeable contact lens wear, prior use of topical prostaglandin 
analogs, history of eyelid trauma, and history of intraocular surgery, including glaucoma filtering surgery, cataract 
surgery, and vitrectomy. Preoperative data were obtained from the patient’s medical records. The main outcome was the 
identification of risk factors for unilateral ptosis.

Statistical Analysis
All statistical analyses were performed using R software (version 4.5.1; R Foundation for Statistical Computing, Vienna, 
Austria). To compare the presence of each potential risk factor (history of filtering surgery, prostaglandin analog use, 
cataract surgery, and vitrectomy) between the operated and fellow eyes, McNemar’s test was applied to paired binary 
data. The exact McNemar’s test was used when the number of discordant pairs was ≤25. To identify independent factors 
associated with unilateral aponeurotic ptosis, logistic regression analysis was conducted. Because some explanatory 
variables were observed only in the operated eyes, leading to quasi-complete or complete separation, Firth’s penalized 
logistic regression was applied to obtain bias-reduced and stable estimates. The significance level was set at p < 0.05 for 
all tests.

Results
Preoperative Characteristics
A total of 68 patients (136 eyes) with unilateral aponeurotic ptosis who underwent levator resection were included in the 
study. The mean age was 72.7 ± 11.4 years, with 26 males and 42 females. Ten patients (14.7%) had a history of rigid gas 
permeable contact lens use, all of whom used lenses in both eyes. No patients had a history of eyelid trauma. Table 1 
summarizes the preoperative characteristics compared with the contralateral control eyes. The number of patients with 
previous glaucoma filtering surgery was significantly higher in the operated group (13.2%) than in the control group 
(0.0%) (P = 0.004). Among the operated eyes, nine had a history of glaucoma filtering surgery: eight underwent 
trabeculectomy and one underwent Baerveldt glaucoma implant surgery. The number of patients with previous topical 
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prostaglandin analog use was significantly higher in the operated group (19.1%) than in the control group (10.3%) (P = 
0.045). In the operated group, prostaglandin-related eye drops were used in 13 eyes: five with latanoprost, five with 
bimatoprost, and one each with travoprost, tafluprost, and omidenepag isopropyl. In the control group, prostaglandin- 
related eye drops were used in seven eyes: four with latanoprost, three with bimatoprost, and one with travoprost. 
Additionally, the number of patients with previous cataract surgery was significantly higher in the operated group 
(69.1%) than in the control group (47.1%) (P = 0.002). No significant difference was observed in vitrectomy.

Multivariate Analysis of Risk Factors
Previous topical prostaglandin analog use, previous glaucoma filtering surgery, previous cataract surgery, and previous 
vitrectomy were evaluated as possible determinants of unilateral ptosis. Multivariate analyses using Firth’s penalized 
likelihood logistic regression in all eyes demonstrated that previous glaucoma filtering surgery and previous cataract 
surgery were significantly associated with the development of unilateral aponeurotic ptosis (Table 2). Among these two 
factors, previous glaucoma filtering surgery had the highest odds ratio (17.6). Prostaglandin analog use and vitrectomy 
were not statistically significant predictors.

Discussion
In this study, we investigated risk factors associated with unilateral aponeurotic ptosis by comparing each operated eye 
with the contralateral non-ptotic eye of the same individual. This within-subject design minimized interindividual 
confounding factors and allowed for a more precise evaluation of local ocular conditions contributing to the asymmetric 
onset of ptosis. Our results demonstrate that a history of previous glaucoma filtering and cataract surgeries is indepen
dently associated with unilateral aponeurotic ptosis, while a history of prostaglandin analog use and vitrectomy is not.

The present findings are consistent with previous reports indicating that postoperative ptosis can occur after 
intraocular surgery.3–17,26,27 Proposed mechanisms include direct mechanical trauma to the levator aponeurosis from 
the eyelid speculum, postoperative inflammation, and prolonged eyelid edema, all of which may weaken the levator 
complex. Filtering surgery, in particular, often involves extensive conjunctival manipulation and prolonged eyelid 

Table 1 Comparison of Preoperative Characteristics Between Operated and 
Fellow Eyes

Variable Operated Eyes, n (%) Fellow Eyes, n (%) p Value

Filtering surgery 9 (13.2%) 0 (0%) 0.004

Prostaglandin analog use 13 (19.1%) 7 (10.3%) 0.045

Cataract surgery 47 (69.1%) 32 (47.1%) 0.002

Vitrectomy 7 (10.3%) 4 (5.9%) 0.45

Note: Data are shown as the number of eyes (%); p values were calculated using McNemar’s test.

Table 2 Multivariate Analysis of Risk Factors for 
Unilateral Ptosis

Variable OR 95% CI p Value

Filtering surgery 17.6 1.79–2391.7 0.009

Prostaglandin analog use 0.96 0.29–3.05 0.947

Cataract surgery 2.07 1.01–4.31 0.046

Vitrectomy 1.34 0.36–5.27 0.661

Notes: Multivariate analysis was performed using Firth’s penalized like
lihood logistic regression. 
Abbreviations: OR, odds ratio; CI, confidence intervals.
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traction, potentially resulting in levator dehiscence on the operated side. Cataract surgery has also been implicated as 
a cause of postoperative ptosis, especially when performed under prolonged local anesthesia or using a larger lid 
speculum.

Although prostaglandin-associated periorbitopathy (PAP) is a well-documented condition characterized by deepening 
of the upper eyelid sulcus and levator dehiscence,12–14,28 our study did not reveal a significant association between 
prostaglandin analog use and unilateral ptosis. Although a significant difference was observed in the simple paired 
comparison between operated and fellow eyes, this association did not remain significant when assessed using the 
multivariate analysis. This discrepancy may partly reflect the limited number of discordant pairs and the fact that most 
patients used the medication bilaterally, which could attenuate the detectable effect in the conditional model. Previous 
studies have suggested that a longer duration of prostaglandin analog therapy may exacerbate PAP-related eyelid 
changes, including ptosis;28,29 however, the duration of use could not be assessed in the present study, which may 
have limited our ability to detect an association between prostaglandin analog use and unilateral ptosis.

The role of vitrectomy in the development of ptosis remains controversial. While some reports have suggested 
postoperative eyelid drooping due to prolonged eyelid traction during pars plana vitrectomy,30,31 our results did not 
demonstrate a significant difference between operated and control eyes. This may be primarily attributed to the small 
number of vitrectomy cases, as well as variability in surgical techniques and operative duration.

The unique strength of this study lies in its within-subject design, directly comparing each patient’s operated eye with 
their contralateral, non-ptotic eye. This approach minimizes interindividual confounders such as age, sex, and systemic 
conditions, enabling a more precise assessment of local ocular factors. Moreover, multiple potential risk factors, 
including previous intraocular surgeries and prostaglandin analog use, were analyzed within a unified framework.

This study has certain limitations owing to its retrospective nature. First, data on the duration of prostaglandin analog 
use were unavailable. Because prolonged use of prostaglandin analogs may increase the risk of levator muscle or 
aponeurotic changes, the cumulative exposure period could influence ptosis development.28,29 Second, detailed perio
perative information was not consistently available, including surgical time, lid speculum size, type of anesthesia, and 
intraoperative eyelid manipulation. Prolonged operative duration, excessive traction, or perioperative edema related to 
these factors may contribute to postoperative eyelid drooping.32 Third, detailed information on filtering surgery, such as 
surgical technique, use of traction sutures, needling procedures, and bleb morphology, was lacking. These factors may 
affect eyelid position and could contribute to the onset of aponeurotic ptosis.6,8,9,17 Fourth, wearing rigid gas permeable 
contact lens has been reported to induce aponeurotic ptosis in one eye.18 However, given that all rigid gas permeable 
contact lens users in this study wore lenses bilaterally, performing a direct inter-eye comparison was difficult. Moreover, 
the sample size for certain subgroups, such as vitrectomy cases, was relatively small, which may have limited statistical 
power to detect moderate associations. Therefore, a prospective study with standardized data collection is warranted to 
address these limitations and further elucidate the causal factors of aponeurotic ptosis.

Conclusion
In conclusion, previous intraocular surgeries, particularly filtering and cataract procedures, may contribute to the 
asymmetric onset of aponeurotic ptosis. Therefore, informing patients preoperatively about the potential risk of post
operative ptosis is important.27 When performing such procedures unilaterally, surgeons should also explain the 
possibility of postoperative cosmetic asymmetry between the two eyes.

Abbreviation
PAP, prostaglandin-associated periorbitopathy.

Data Sharing Statement
The datasets generated during and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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