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Abstract
● AIM: To evaluate the predictive factors of postoperative 
corneal astigmatism change in ptosis patients who 
underwent ptosis surgical repair.
● METHODS: Patients who underwent levator resection at 
Oculoplastic service of the Department of Ophthalmology, 
Naresuan University Hospital, Thailand between September 
2017 and August 2019 were retrospectively evaluated. 
Changes in degree and axis of corneal astigmatism after 
ptosis surgery were compared based on patient factors 
consisting of age at operation, sex, preoperative margin-
reflex distance (MRD) 1, and preoperative degree and axis 
of corneal astigmatism.
● RESULTS: Forty-two eyes of 28 patients were included 
in the study. Wilcoxon signed ranks test showed a 
significant postoperative corneal astigmatism change only 
in a subgroup of eyes with preoperative astigmatism of ≥1.5 
diopters (D; P=0.006). Furthermore, 72.2% (13/18) of the 
eyes with preoperative astigmatism of ≥1.5 D showed a 
reduction of astigmatism after eyelid surgery, with the mean 
astigmatic change of 0.65 D. Majority of preoperative eyes 
demonstrated with-the-rule astigmatism pattern (45.2%), of 
which 57.9% showed a reduced degree of astigmatism.
● CONCLUSION: In patients undergoing ptosis surgery, 
the data demonstrate for the first time the association 
between postoperative corneal astigmatism change and 
a preoperative corneal astigmatism of ≥1.5 D. Thus, we 
encourage considering severity of corneal astigmatism prior 
to cataract or refractive surgery planning in ptosis patients, 
especially with toric-intraocular lens, to avoid the possibility 
of calculation error.
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IntRoduCtIon

B lepharoptosis, an eyelid disorder, can cause visual 
disturbance at any age ranging from infants as congenital 

ptosis to aponeurotic ptosis in the elderly. Other types included 
mechanical, myogenic, and neurogenic ptosis[1-2]. Patients may 
experience a decreased vision as the covering lid constricts 
the superior visual field and/or causes refractive errors, mainly 
corneal astigmatism. 
Explanation have been proposed indicating the causation 
of corneal astigmatism in ptosis patients to be a result of 
eyelid pressure against the cornea, which alter the corneal 
shape toward with-the-rule (WTR) astigmatism[3]. The 
corneal astigmatism degree is changeable postoperatively 
based on several reports, some showed significant results[4-8]. 
Postoperative axis shift has also been reported. Wilson et 
al[4] demonstrated a trend of a decreased degree of WTR 
astigmatism in patients who underwent ptosis surgery. A 
similar result was reported in Savino et al’s study[5]. However, 
Merriam et al[9] found the opposite trend of an increased WTR 
astigmatism to also be possible.
Few studies have been conducted to identify factors associated 
with the degree of astigmatism change after ptosis surgery[6-8]. In 
this study, we evaluated corneal astigmatism value of patients 
who underwent ptosis surgical repair to find the association 
between patient factors and postoperative corneal astigmatism 
change. The changing pattern of corneal astigmatism axis after 
surgery was also identified.
SubjeCtS and MethodS
ethical approval  All patients underwent levator resection 
procedure by the same experienced surgeon, with informed 
consent obtained preoperatively. This study was approved 
by the Human Research Ethics Committee of the Faculty 
of Medicine Naresuan University in accordance with the 
Declaration of Helsinki.
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eligible Patients  This is a retrospective study evaluated 
patients diagnosed with congenital or acquired ptosis who 
underwent ptosis surgical repair at Oculoplastic Service of the 
Department of Ophthalmology, Naresuan University Hospital, 
Phitsanulok, Thailand between September 2017 and August 
2019. 
Patient Factors  Patient factors were identified and recorded. 
The data included age at operation, sex, preoperative margin-
reflex distance (MRD) 1, and preoperative degree and axis of 
corneal astigmatism. Subgroups of each factor were classified 
to evaluate the associations with the degree of astigmatism 
change at 6-week postoperatively.
Age was categorized into ≥50y and <50y; MRD1 values was 
divided into -2 to 0 and 1 to 3. The degree of preoperative 
corneal astigmatism was divided into <1.5 diopters (D) and 
≥1.5 D, and axis of corneal astigmatism was classified as WTR 
(steep axis within 90°±30°), against-the-rule (ATR; steep axis 
within 0° to 30° or 150° to 180°), and the axis which falls 
beyond these ranges is classified as oblique astigmatism.
A comprehensive ophthalmological examination was 
performed. Data recorded included visual acuity, refraction, 
anterior segment exam, fundus exam, eye motility, and levator 
function.
Astigmatism value was obtained from an average of 3 
consecutive values measured using Nidek Tonoref II 
Autorefractor Keratometer. Exclusion criteria were previous 
corneal surgery, presence of pterygium, keratoconus, severe 
ocular surface disease, neurological/mechanical/traumatic 
ptosis, or preoperative MRD1 of >3.
The primary outcome was the degree of corneal astigmatism 
change at 6-week postoperatively. The secondary outcome was 
the corneal astigmatic axis pattern, pre- and post-operative.
Surgical techniques  All congenital ptosis patients underwent 
supramaximal levator resection and all acquired cases 
underwent a levator resection procedure. Skin crease was 
marked at the desired height. The 2% lidocaine with 1:100 000 
adrenaline was injected subcutaneously along the eyelid 
crease. Skin incision was done with a scalpel blade no.15. 
Dissection was made deeper through orbicularis muscle, orbital 
septum and preaponeurotic fat with Westcott scissors and 
electrocautery to identify the underlying levator aponeurosis. 
The levator aponeurosis was then dissected off the tarsal plate 
and extend superiorly off the müller’s muscle to the desired 
level. In case of supramaximal levator resection, the dissection 
was continued superiorly to a level above Whitnall’s ligament. 
Partial-thickness 6-0 silk sutured was placed from upper one 
third of tarsal plate in horizontal mattress fashion to the levator 
muscle at a desired level and tied with a temporary bowtie for 
intraoperative level adjustment. Additional suture was placed 
nasally and temporally. Eyelid crease was made with prolene 

7-0 suture between inferior cut edge of pretarsal aponeurosis 
and levator aponeurosis. Skin was closed with interrupted 
sutures nylon 6/0.
Statistical analysis  A Shapiro-Wilk test was used to 
evaluate the normality of the data. Variables were reported in 
mean value±SD. The analysis comparing preoperative and 
postoperative astigmatism values was done using Wilcoxon 
signed ranks test. A P-value of <0.05 was considered 
statistically significant. The prevalence of axis pattern was 
reported in percentage. The analysis was performed with SPSS 
version 17.0.
ReSultS
Forty-two eyes of 28 patients were included in the study. Of 
the 42 eyes, 8 eyes of 7 patients were congenital ptosis with 
mean age of 16.75y (range, 4-53y) and 34 eyes of 21 patients 
were acquired ptosis with mean age of 63.71y (range, 38-76y). 
Data representing the means of pre- and post-operative corneal 
astigmatism were summarized in Table 1. Overall, the means of 
postoperative astigmatism showed a reduction value compared 
to means of preoperative astigmatism in all subgroups, except 
for the subgroups of eyes with astigmatism of <1.5 D and eyes 
with oblique astigmatism. The means of astigmatism change at 
6-week postoperatively of each subgroup ranged from 0.25 to 
0.65 D. 
The analysis of different astigmatism values between pre- 
and postoperative by the Wilcoxon signed ranks test showed 
a significant value in only one subgroup which is eyes with 
preoperative astigmatism of ≥1.5 D (P=0.006; Figure 1). 
Thirteen of 18 eyes (72.2%) with preoperative astigmatism 
of ≥1.5 D showed a reduction degree of astigmatism after 
eyelid surgery, with the mean astigmatic change of 0.65±0.52 
(0-1.75) D.
The majority of preoperative eyes demonstrated WTR 
astigmatism pattern (45.2%), compared with 38.1% of ATR 
and 16.7% of oblique pattern (Table 2) with a mean age of 
42.15±24.14, 67.25±7.20, and 60.42±10.72y respectively.
After a surgical repair, the WTR group showed a predominant 
reduction of WTR astigmatism in 57.9% (11/19). Other 
patterns of changes were also observed, including an increased 
degree of WTR astigmatism in 26.3% (5/19), a change to 
oblique axis in 10.5% (2/19) and one eye with no astigmatism 
change (5.3%). Meanwhile, the eyes with preoperative ATR 
astigmatism exhibited a rising degree of ATR in 37.5% (6/16), 
a reduction in 50% (8/16), no change in one eye, and one eye 
with a change to oblique axis. Also, most of the eyes with 
preoperative oblique astigmatism experienced a shift of the 
axis towards ATR astigmatism (5/7; 71.4%).
dISCuSSIon 
Previous studies reported that ptosis lid can generate pressure 
onto superior cornea which leads to the change of corneal 
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curvature, resulting in corneal astigmatism, particularly a WTR 
astigmatism[3]. Several reports established the modifiability of this 
condition as observed in the change of corneal astigmatism, 
either in the degree or axis, after surgical correction[4-15]. 
Wilson et al[4] evaluated the effect of eyelid lifting, using 
eyelid speculum, and found a reduction of WTR astigmatism 
in cornea with more than 1.00 D of WTR astigmatism. Savino 
et al[5] also found a significant reduction of WTR astigmatism 
in patients who underwent ptosis surgical repair.
Several studies attempted to compare the degree of corneal 
astigmatism change among various eyelid surgery procedures. 
A retrospective study by Zinkernagel et al[6] found a significant 
change of postoperative corneal astigmatism in patients who 
underwent ptosis surgery and blepharoplasty with reduction 
of the entire fat pad, in contrast to insignificant value in the 
groups with skin-only blepharoplasty and blepharoplasty 

with reduction of the medial fat pad. This study reflects the 
correlation between the severity of eyelid abnormality and the 
significant astigmatism value change postoperatively. A similar 
result was reported by Kim et al[7]; patients underwent levator 
resection exhibited more corneal curvature change compared 
with those who underwent blepharoplasty.
To our knowledge, there are limited studies attempting to 
identify predictive factors for a corneal astigmatism change 
in patient who underwent ptosis repair surgery[6-8]. Our study, 
therefore, analyzed postoperative corneal astigmatism change 
based on patient factors. The results showed a significant 
postoperative astigmatism change in a subgroup of eyes with 
more severe baseline preoperative astigmatism value, in other 
words, eyes with preoperative astigmatism of ≥1.5 D (P=0.006). 

table 1 Preoperative and postoperative mean corneal astigmatism                                                                                             mean±SD (range)
Factor (n=42) Preop. astigmatism Postop. astigmatism Posto. astigmatism change Pb

Age (y)
<50 (n=8) 2.03±1.61 (0.25-4.50) 1.53±1.48 (0.25-4.50) 0.63±0.64 (0.00-1.75) 0.088
≥50 (n=34) 1.21±0.87 (0.00-3.00) 1.20±0.79 (0.00-3.00) 0.50±0.34 (0.00-1.50) 0.959

Gender
Male (n=16) 1.44±1.11 (0.00-4.25) 1.33±1.13 (0.25-4.50) 0.58±0.39 (0.25-1.50) 0.618
Female (n=26) 1.33±1.08 (0.25-4.50) 1.22±0.84 (0.00-2.75) 0.49±0.42 (0.00-1.75) 0.686

MRD1
1-3 (n=28) 1.14±1.03 (0.00-4.25) 1.06±0.75 (0.00-2.75) 0.51±0.41 (0.00-1.75) 0.840
-2-0 (n=14) 1.82±1.06 (0.50-4.25) 1.66±1.18 (0.25-4.25) 0.55±0.42 (0.00-1.50) 0.397

Preop. astigmatism
<1.5 D (n=24) 0.63±0.35 (0.00-1.25) 0.82±0.47 (0.00-1.75) 0.43±0.28 (0.00-1.00) 0.051
≥1.5 D (n=18) 2.36±0.90 (1.50-4.50) 1.85±1.11 (0.25-4.50) 0.65±0.52 (0.00-1.75) 0.006a

Axis
WTR (n=19) 1.54±1.32 (0.00-4.50) 1.30±1.12 (0.25-4.50) 0.58±0.51 (0.00-1.75) 0.242
ATR (n=16) 1.47±0.87 (0.25-3.00) 1.42±0.81 (0.50-3.00) 0.58±0.28 (0.00-1.00) 0.774
Oblique (n=7) 0.68±0.45 (0.25-1.25) 0.79±0.64 (0.00-1.75) 0.25±0.20 (0.00-0.05) 0.334

MRD1: Margin-reflex distance 1; WTR: With-the-rule astigmatism; ATR: Against-the-rule astigmatism. aP<0.05 shows the statistical 
significance; bWilcoxon signed ranks test (pairs 2 variable).

table 2 Characteristics of preoperative and postoperative 
astigmatic axis
Preop.astigmatic 
axis n (%) Postop. axis change n (%)

WTR 19 (45.2) Decrease degree 11 (57.9)
Increase degree 5 (26.3)

Not change 1 (5.3)
Change to oblique axis 2 (10.5)

ATR 16 (38.1) Decrease degree 8 (50)
Increase degree 6 (37.5)

Not change 1 (6.2)
Change to oblique axis 1 (6.2)

Oblique 7 (16.7) Change to ATR 5 (71.4)
Change to WTR 1 (14.3)

Not change 1 (14.3)

WTR: With-the-rule astigmatism; ATR: Against-the-rule astigmatism.

Figure 1 Preoperative and postoperative mean corneal 
astigmatism of each patient factor  MRD1: Margin-reflex 
distance 1; WTR: With-the-rule astigmatism; ATR: Against-the-rule 
astigmatism. aP<0.05 shows the statistical significance.
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Unlike two previous mentioned studies which exhibited the 
correlation between high severity of lid pathology and high 
value change of astigmatism postoperatively[6-7], our study 
showed no significant result in group with severe ptosis as 
indicated by MRD1. Further investigation should be done to 
assess the association between severity of ptosis and amount of 
preoperative astigmatism.
A range of means astigmatism change in our study was 0.25 to 
0.65 D, corresponding to a previous finding by Brown et al[16] 
which reported an average of 0.6 D in corneal astigmatism 
change in patient underwent reposition lid ptosis.
Cataract and ptosis may co-exist in the same patient. The 
change of corneal astigmatism of at least 0.5 D might cause a 
visual problem in patients with high demand visual function[16]. 
Also, in our study, significant postoperative astigmatism 
change was found in a subgroup of eyes with astigmatism of 
≥1.5 D with a mean change of 0.65±0.52 (0.00-1.75) D. Regarding 
findings above, this might put patients who underwent cataract 
surgery prior to lid correction, at risk of unsatisfied visual 
outcome from a refractive change after ptosis surgery, despite 
a precise initial intraocular lens (IOL) calculation. Although 
the majority of patients in a subgroup of preoperative 
corneal astigmatism of ≥1.5 D showed a decreased degree 
of astigmatism postoperatively (72.2%), the direction was 
unpredictable and other patterns were observed, including the 
increase in the degree of astigmatism value and axis change. 
The latter might substantially affect patients requesting for 
toric-IOL implantation.
Refractive surgery is one of the most popular elective ophthalmic 
procedures performed in the world. Denisova and Barmettler[17] 
suggested that patients electing to have ptosis repair, should 
be fully healed prior to any refractive surgery to allow both 
refractive changes and eyelid positions to stabilize prior to the 
refractive surgery. We agree with this suggestion, especially in 
patients with either high preoperative astigmatism or dry eye 
syndrome.
WTR astigmatic pattern is found predominantly in children 
and will gradually transform to ATR astigmatism with 
increasing age[18-20]. We also know that the ptosis lid can have 
a pressure effect on peripheral cornea which leads to a WTR 
astigmatism[3]. Our patients revealed a similar trend as the 
majority of ptosis patients showed a WTR astigmatism (45.2%) 
preoperatively. For patients with ATR astigmatism (38.1%), 
an older mean age (67.25±7.20y) was found, compared with 
42.15±24.14y in WTR group. This might reflect the substantial 
effect of ATR patterns found in aging cornea overcoming the 
effect of lid pressure. Another confounding effect, such as the 
duration from onset of ptosis to date of surgery, which may or 
may not influence the reversibility of the cornea astigmatism 
value, has not been included in this study.

According to axis patterns, most of the previous studies 
reported that corneal astigmatism tend to decrease the degree 
of WTR (or increase the degree of ATR) astigmatism after 
eyelid surgery[4-5]. In our study, the changing of axis after 
ptosis correction was non-uniform. Although many cases 
with preoperative WTR and oblique astigmatism showed a 
decreased degree of WTR astigmatism after surgery, this was 
not revealed in the preoperative ATR group. Moreover, the 
preoperative axis was a statistically insignificant factor in our 
study. Therefore, it cannot be used as the predictive factor for 
postoperative corneal change.
Although numbers of reports have revealed a similar trend of 
significant corneal astigmatism change after ptosis surgery, 
follow-up periods were varied, ranging between 6wk and 
4mo[5-7,16]. Long term change was evaluated in a recent 
study from Yamamoto et al[21] which showed a significant 
astigmatism change at 6mo postoperatively. While all of the 
suggested durations to perform cataract surgery after ptosis 
repair were proposed according to the results of follow-up 
periods being reported, there was an uncertainty on stability 
of astigmatism value postoperative and a longitudinal study 
should be done to assess a definite timing at which steady 
astigmatism value was achieved[21].
Some studies found an astigmatism pattern correlated with 
corneal ectasia in ptosis patient. However, ptosis alone was 
insufficient to cause corneal ectatic disease which was known 
to be a multifactorial condition[22]. A prospective study found 
tomographic value of subclinical keratoconus in severe 
congenital blepharoptosis[22]. Another study from Kim et al[23] 
also reported ptosis inducing superior keratoconus. In our 
study, we excluded overt keratoconus cases as its natural 
history may confound with the effect of lid pressure to normal 
cornea. However, as we do not perform tomography in routine 
practice, it might be possible to falsely recruit subclinical 
keratoconus case into the study. Limitations were expected, 
given that this study was a single-center retrospective study. 
Also, the astigmatism values obtained from autokeratometer, 
may result in less comprehensive data in comparison to corneal 
topography values in which data was not available in this study 
since the method was not performed routinely in our center. 
The attempt at a long-term data analysis was incapable due to 
the relatively high rate of loss follow up.
Nevertheless, in patients undergoing ptosis surgery, the 
data demonstrated for first time the association between 
postoperative corneal astigmatism change and a preoperative 
corneal astigmatism of ≥1.5 D. Thus, in patients with such 
predictive factor, surgery sequence should be considered, as 
conducting ptosis surgery prior to cataract or refractive surgery 
might provide a better refractive outcome, especially with 
toric-IOL implantation.
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