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Abstract
Background

The study aimed to investigate the difference of refractive status and ocular parameters between ptotic
and fellow eyes in patients with unilateral congenital ptosis.

Methods

25 patients (52% males, age 22.04±10.96) with unilateral congenital ptosis diagnosed and treated at the
First A�liated Hospital of Sun-yet Sen University were enrolled and underwent detailed refractive
examination from March 2019 to November 2021. Ocular biometric measurements were performed by
IOL Master 700 biometer. The difference of refractive error characteristics, best-corrected acuity (BCVA),
as well as ocular parameters including axial length (AL), central corneal thickness (CCT), aqueous depth
(AQD), anterior chamber depth (ACD), lens thickness (LT), and keratometry values between ptotic and
fellow eyes were analyzed.

Results

Lower BCVA (p=0.01) and higher incidence of amblyopia (p=0.018) were observed in ptotic eyes. Among
patients with amblyopia, the presence (p=0.038) and magnitude (p=0.044) of astigmatism were higher in
ptotic eyes. The CCT of ptotic eyes was thicker than that of fellow eyes (p 0.001). The keratometry values
at the �at axis (K1), and mean corneal power (Km) were smaller (both p 0.001). There was no statistical
difference of AL between ptotic and fellow eyes.

Conclusions

Congenital ptosis in�uenced ocular parameters, mainly causing a thicker and �atter cornea. Patients with
unilateral congenital ptosis might have lower BCVA in ptotic eyes, while higher amblyogenic astigmatism
was observed.

Introduction
Congenital ptosis is a quite normal ocular abnormality caused by drooping eyelid within the �rst year of
life, characterizing as a narrow palpebral �ssure and more coverage by upper eyelid on cornea. Several
studies have reported that congenital ptosis can increase the incidence of myopia, hyperopia,
astigmatism, anisometropia and amblyopia. [1, 2, 3, 4, 5] Previous studies have shown that pressure from
upper eyelids may alter the corneal shape.[6] In animal experiments, axial elongation induced by covering
the pupil was observed.[7, 8, 9] And it was also proved in human infants.[10] However, under long-term
pressure and coverage from upper eyelids, the effect of congenital ptosis on ocular structure remains
unclear.
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Recently, IOL Master 700 (Carl Zeiss AG, Jena, Germany), a more advanced, non-contact biometer, allows
us to perform accurate ocular parameter testing on patients with congenital ptosis.[11] It is based on the
technique of swept-source optical coherence tomography (SS-OCT), providing �xation points for the
patients and retinal OCT images for technicians when testing, so as to gain accurate axial measurements
from posterior cornea to fovea.[12] Besides, it also provides us with the measurements of central corneal
thickness, lens thickness, anterior chamber depth, and corneal power.

In this study, we focus on both refractive status and the ocular biological parameters of unilateral
congenital ptosis, in order to compare the refractive error between ptotic eyes and fellow eyes and to
investigate the in�uences of congenital ptosis on the ocular structure during eyeball growth.

Materials And Methods

Patients
We enrolled 25 patients with unilateral congenital ptosis who were diagnosed and treated at the
Ophthalmology Department of the First A�liated Hospital of Sun Yat-sen University between March 2019
and November 2021. This study was approved by the Ethics Committee of the �rst A�liated Hospital of
Sun Yat-sen University in China ([2021]544) and complied with the tenets of the Declaration of Helsinki
for biomedical research involving human subjects.

The normal position of the upper lid covers the cornea by less than 2mm, and ptosis can be diagnosed
when the upper lid is below its normal position. The severity of the ptosis can be classi�ed as mild (1–2
mm) when the upper lid does not cover the pupil, moderate (3–4 mm) when the upper lid covers partially
the pupil and severe (more than 4 mm) when the pupil is completely covered by the lid.[13]

The inclusion criteria included unilateral congenital ptosis older than 5 years, absence of other ocular
pathology, patients older than �ve years, and reliable measurement results. The exclusion criteria were:
acquired ptosis, patients younger than 5 years old unable to cooperate with the examination, a history of
eye trauma, previous ocular surgery (including ptosis correction surgery), corneal opacity, wearing of eye
contact lens in the last 3 months, and other ophthalmic or systemic disorders.

Ophthalmic examination
All the patients were examined by the same trained examiner. Routine ophthalmic examinations were
performed in all patients, including best-corrected visual acuity measurements(BCVA) using snellen chart,
detailed slit-lamp examination of the anterior segment and fundus examination with dilated pupil, and
measurement of intraocular pressure (Topcon CT-80A, Tokyo, Japan). Complete evaluation of ptosis
including measurement of the height of palpebral �ssure (HPF), and levator functions (LF) was done by
the lid excursion method, which was a measurement of the upper lid from extreme downgaze to extreme
upgaze with the frontalis muscle �xed.

Refractive error examination
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Cycloplegic refraction was done for all patients. Children younger than 10 years were given ointment
atropine 1%, once a day for three days and were examined on the fourth day. Patients older than 10 years
were examined following administration of combined 0.5% phenylephrine hydrochloride and 0.5%
tropicamide eye drops, three times every 5 minutes. We calculated the refraction by spherical equivalent
refraction(SER), and de�ned myopia as SER of at least − 0.50D and hyperopia as + 2.00D or more.
Astigmatism was de�ned as 0.75DC or more. Anisometropia was de�ned as at least 1.00D difference
compared with the opposite eye. We de�ned amblyopia as visual acuity of 6/9 or less and difference of
more than two Snellen lines between the fellow and ptotic eyes excluding any other ocular abnormalities.
[1, 14]

Ocular biometric measurements
Biometric measurements were performed using IOL Master 700 three times by the same well-trained
technician before pupillary dilatation in all patients. Each time before the examination, the device was
recalibrated. During the measurement, the examinees were asked to position their heads on a headrest
and look at the �xation point for foveal scans. The poor-quality result would be deleted and remeasured
until the readings were reliable.

The axial length (AL), central corneal thickness (CCT), aqueous depth (AQD), anterior chamber depth
(ACD), lens thickness (LT), keratometry values at the �at (K1) and steep (K2) axis, and mean corneal
power (Km) were obtained. AL was de�ned as the distance from the tear �lm to the retinal pigment
epithelium (RPE) of the fovea. CCT was de�ned as the distance from the anterior to the posterior cornea.
[15] AQD was measured using signals from the posterior face of the cornea to the anterior surface of the
lens. The ACD was de�ned as the distance from the central corneal epithelium to the anterior surface of
the lens and same as adding value CCT and AQD (CCT + AQD).[16] LT was de�ned as the distance
between the anterior and posterior lens surfaces. Corneal power included K1, K2 and Km, which K1 was
de�ned as the corneal power at the �at axis, and K2 at the steep axis, and Km was the average value of
the K1 and K2.[17, 18]

Statistical analysis
Statistical analysis was performed by using SPSS version 22.0. Snellen VA was converted to a logarithm
of the minimum angle of resolution(logMAR) value. Comparisons between the fellow and ptotic eyes
were performed using Paired t tests. Chi-square tests were used to compare the frequency of refractive
types between the fellow and ptotic eyes. A P value less than 0.05 was considered statistically
signi�cant.

Results
In total, 25 eyes of 25 patients with unilateral congenital ptosis in this study were analyzed. 25 fellow
eyes without ptosis served as controls. The distribution of gender was equal of 13 (52%) males and 12
(48%) females. Their average age was 21.43 ± 10.28y, ranging from 5 to 42 years old. Out of 25 patients,
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7 (28%) patients had mild ptosis, 13 (52%) had moderate ptosis, and 5 (20%) had severe ptosis. 12 (48%)
had the right eye affected, while 13 (52%) the left. Table 1 shows the demographics of the patients.

Table 1
Demographic characteristics of participants

(N = 25)
Characteristics  

Age(year, Mean ± SD) 22.04 ± 10.96

Sex, n(%)  

Male 13(52%)

Female 12(48%)

Side of affected eye n(%)  

Right 12(48%)

Left 13(52%)

Severity of ptosis, n(%)  

Mild 7(28%)

Moderate 13(52%)

Severe 5(20%)

Abbreviation: SD=standard deviation

There was a signi�cant difference in BCVA between ptotic and fellow eyes, that BCVA of ptotic eyes was
lower (logMAR, Mean±SD, -0.059±0.107, p=0.01). Incidence of myopia, hyperopia and astigmatism did
not differ signi�cantly between ptotic eyes and fellow eyes. However, it was observed that the prevalence
of amblyopia in the ptotic eyes (n (%), 5(20%), χ2=5.556, p=0.018) was higher than that in fellow eyes (n
(%), 0). All 5 amblyopia occurred in the ptotic eyes, and 3 of them were severe ptosis while 2 were
moderate. The results are shown in Table 2. What’s more, as is summarized in Table 3, among the 5
patients with amblyopia, the incidence of astigmatism in ptotic eyes (n(%), 5(100%), χ2=4.286, p=0.038)
is higher than fellow eyes (n(%), 2(40%)), and the magnitude of astigmatism is larger (D, Mean±SD,
-0.35±0.69 v.s. -2.25±1.35, p=0.044).

Table 2. Difference of BCVA and refractive status between the fellow and ptotic eyes (N=25)
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  Fellow eye Ptotic eye χ2 P value

BCVA(logMAR, Mean±SD) -0.006±0.046 -0.059±0.107   0.010*

DS (D), Mean±SD -1.24±2.44 -1.56±2.30   0.181

DC (D), Mean±SD -0.94±1.04 -0.57±0.61   0.098

SER (D), Mean±SD -1.73±2.48 -1.86±2.43   0.576

Refractive type (number, %)        

Myopia 16(64%) 14(56%) 0.333 0.564

Hyperopia 0 2(8%) 2.083 0.149

Astigmatism 9(36%) 13(65%) 1.299 0.245

Amblyopia 0 5(20%) 5.556 0.018**

* Paired t test, P < 0.05 means statistically signi�cant

** Chi-Square test, P < 0.05 means statistically signi�cant

Abbreviation: BCVA=best-corrected visual acuity, DS=diopter of spherical power, DC=diopter of cylindrical
power, SER=spherical equivalent refraction

Table 3. Difference of refractive status in patients with amblyopia between the fellow and ptotic eyes
(N=5)

  Fellow eye Ptotic eye X2 P value

DS (D), Mean±SD -0.05±1.16 0.40±2.66   0.550

DC (D), Mean±SD -0.35±0.69 -2.25±1.35   0.044*

SER (D), Mean±SD -0.20±1.32 -0.70±2.43   0.390

Refractive type (number, %)        

Myopia 2(40%) 1(20%) 0.476 0.490

Hyperopia 1(40%) 0 1.111 0.292

Astigmatism 5(100%) 2(40%) 4.286 0.038**

* Paired t test, P < 0.05 means statistically signi�cant

** Chi-Square test, P < 0.05 means statistically signi�cant

Abbreviation: DS=diopter of spherical power, DC=diopter of cylindrical power, SER=spherical equivalent
refraction
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Ocular biometric parameters in eyes with ptosis were compared with that of fellow normal eyes, which
are summarized in Table 4. The CCT was greater in ptotic eyes than in fellow eyes (541.72±28.48μm v.s.
532.16±29.31μm, p 0.001). And the K1 (42.01±1.50 D v.s. 42.53±1.43 D, p 0.001) and SE (42.63±1.54 D
v.s. 43.04±1.43 D, p 0.001) of ptotic eyes were lower than that of fellow eyes, which means that the
corneas of ptotic eyes were thicker and �atter. The parameters of AL, AQD, ACD, LT, K2 and IOP were not
statistically different between the ptotic and fellow eyes. 

Table 4. Comparison of ocular biometric parameters between ptotic and fellow eyes

  Ptotic eyes mean±SD Fellow eyes mean±SD P-value

IOP mmHg 15.10±3.69 15.28±2.73 0.813

AL mm 24.29±1.45 24.19±1.34 0.272

CCT μm 541.72±28.48 532.16±29.31 0.001*

AQD (mm) 2.87±0.30 2.86±0.27 0.548

ACD mm 3.40±0.27 3.40±0.31 0.930

LT mm 3.76±0.36 3.77±0.37 0.177

K1 D 42.01±1.50 42.53±1.43 0.001*

K2 D 43.29±1.78 43.57±1.51 0.083

Km D 42.63±1.54 43.04±1.43 0.001*

* Paired t test, P < 0.05 means statistically signi�cant

Abbreviation: IOP=intraocular pressure, AL=axial length, CCT=central corneal thickness, AQD=aqueous
depth, ACD=anterior chamber depth, LT=lens thickness, K1=Keratometry values at the �at axis,
K2=Keratometry values at the steep axis, Km=Mean corneal power

Discussion
It’s established that congenital ptosis may increase the incidence of refractive error including myopia,
hyperopia, and astigmatism, as well as the incidence of amblyopia and anisometropia.[1,19,20] Besides,
due to amblyopia or deprivation caused by drooping eyelid covering the pupil, congenital ptosis may have
a bad in�uence on visual acuity.[21] Our study revealed that patients with congenital ptosis are more likely
to suffer from visual impairment. Among the 25 patients with unilateral ptosis, the BCVA in ptotic eyes is
lower than that in fellow normal eyes, which indicated that congenital ptosis may lead to visual defects. 

In the present study, the incidence of amblyopia in patients with congenital ptosis is 20%, similar to
previous reports.[21,22,23] Besides, all cases of amblyopia in this study were ptotic eyes, revealing that in
cases with unilateral congenital ptosis, amblyopia was found more often in ptotic eyes. When it comes to
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the causes of amblyopia in patients with congenital ptosis, astigmatism made up to the largest
proportion. Ugurbas et al observed that among patients with congenital ptosis, ptotic eyes had more
asymmetric and irregular cornea, resulting in the increased magnitude of astigmatism, which may
associate with higher incidence of amblyopia.[3] Both reports individually by Huo et al and Paik et al
found that in patients with congenital ptosis, ptotic eyes had a higher frequency of astigmatism and
amblyopia.[1,23] In our study, out of 5 cases with amblyopia, a higher incidence of astigmatism were
found in ptotic eyes, and the magnitude of astigmatism in ptotic eyes was statistically larger than that in
fellow eyes. These �ndings were in accordance with previous studies. 

In normal human eyes, the upper eyelid covers 1-2 mm of the cornea while the lower eyelid covers zero. A
previous study had shown that the superior cornea is thicker than the inferior cornea.[24] Under the
coverage and pressure of the upper eyelid, the superior cornea is chronically hypoxic. This can be
explained by research that compared with the central and inferior cornea, the superior cornea demands
more oxygen after lifting the upper eyelid. [25,26] Consider this in mind, we presumed that chronic hypoxia
induced by eyelids may cause a chronic corneal edema, leading to the thickening of the cornea. In the
current study, thicker central cornea was found in ptotic eyes, which was consistent with the �nding by
LiX et al.[27] We speculated that in congenital ptosis, ptotic eyes are covered more by the drooping eyelids
and are subject to mechanical stress, bringing about chronic hypoxia of the cornea, and thus leading to a
thicker cornea.

In our study, among 25 patients with unilateral congenital ptosis, no difference of axial length between
ptotic eyes and fellow normal eyes was observed, which was consist with the reports individually by von
Noorden et al and Takahashi et al.[28,29] One possible explanation is that by adjust head posturing,
patients with congenital ptosis are able to offset the covering of upper eyelid, thus avoiding being
occluded when looking. This indicated that in human eyes, the ocular axial elongation does not similar to
the mechanism of that in animal model.[7,8,9]

The previous study has shown that the pressure from the upper eyelids may have an in�uence on the
shape of cornea, that the upper eyelid pressure may cause the cornea to become steep.[30] In another
research, they stated that at primary gaze the wider horizontal palpebral �ssure, the �atter the cornea.[31]

However, in the current study, we found that both horizontal corneal power and mean corneal power of
ptotic eyes are lower than that of fellow eyes, which indicated that congenital ptosis, with a narrower
palpebral �ssure and under more pressure from upper eyelid, may lead the cornea to become �atter. 

Several limitations of this research need to be considered. First, the average age of these patients
(21.43±10.28 years) is quite old, since people among these ages in China are mostly myopic. Maybe,
different results of refractive errors and axial length could be found in cases during younger periods. The
second limitation is that the number of cases included in this study was little although we had in advance
calculated the minimum required sample size. But in such a small sample, parameters such as CCT were
signi�cantly different between ptotic and fellow eyes, which con�rmed the reliability of the results. Future
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research needs to be done to �nd out more abnormalities induced by congenital ptosis, providing more
useful information in treatment. Third, ocular parameters in this study seem to be limited, more parameter
testing and more accurate technique await us to apply in patients with congenital ptosis. At last, for well-
controlled, only patients with unilateral congenital ptosis were enrolled, ocular changes caused by
acquired ptosis remains unknown, therefore further studies are needed.

In summary, we con�rmed that congenital ptosis may not only have an in�uence on refractive errors and
raise the prevalence of amblyopia, but also cause the cornea to become thicker and �atter. The impact of
congenital ptosis on axial length seems to be little in human beings. 

Abbreviations

SS-OCT Swept-source optical coherence tomography

BCVA Best-corrected visual acuity

HPF Height of palpebral �ssure

LF Levator functions

logMAR logarithm of the minimum angle of resolution

SER Spherical equivalent refraction

DS Diopter of spherical power

DC Diopter of cylindrical power

AL Axial length

CCT Central corneal thickness

AQD Aqueous depth

ACD Anterior chamber depth

LT Lens thickness

K1 Keratometry values at the �at axis

K2 Keratometry values at the steep axis

Km Mean corneal power

RPE Retinal pigment epithelium
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