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Purpose: To evaluate the effect of frontalis sling surgery for congenital ptosis on corneal
curvature and refractive status.

Methods: Prospective study of 60 eyes of 48 patients with severe simple congenital ptosis who
underwent surgical correction by frontalis sling surgery. Assessment was done pre-operatively
and at 1 week, 1 month, 3 months post-operatively by computerized topographer (Shipp Nippon,
CT 1000), IOL master (Carl Zeiss, 500), autorefractometer (Unicos URK-800) and AS-OCT
(Cirrus HD-OCT). The results were statistically evaluated to analyze any change in visual acuity,
refractive status, keratometry, astigmatism and central corneal thickness (CCT).

Results: Three months post-operatively, significant reduction of cylindrical power by —0.358
D was observed by refraction with corresponding improvement of mean BCVA by 0.24+0.04
logMAR. Corneal topography showed reduction in astigmatism by —0.47+0.95 D; however,
the average keratometry did not undergo a significant change. The mean values of astigma-
tism by IOL master and topographer were comparable. There was significant steepening of
the previously flatter meridian (horizontal meridian, in 63.3% patients) while the steeper
meridian remained relatively unchanged. A greater reduction in astigmatism was noticed in
children in the age group of 5-10 years.

Conclusion: Ptosis surgery modifies the corneal curvature, restoring corneal symmetry and
reducing astigmatism; thus changing the refractive status of the patient, which needs to be
addressed post-operatively to improve the quality of vision. Children with severe ptosis may
benefit from being operated at an early age to achieve better astigmatic reduction.
Keywords: topography, ptosis surgery, IOL master

Introduction
Several studies'® have demonstrated changes in corneal curvature and subsequent
effect on the refractive status of the patient due to the mechanical effect of upper
eyelid and eyelid lesions, such as hemangiomas, gold weight implants, chalazia,
epibulbar dermoids and even involutional ectropion.’ In accordance with the above,
significant refractive errors, have been found to occur in patients with ptosis,® the
most common refractive error being astigmatism.’ Congenital ptosis shows corneal
topographic changes which are more asymmetrical and irregular leading to clini-
cally significant astigmatism.® The frequent association between congenital ptosis,
astigmatism and amblyopia has also been reported in literature.'’

However, the effect of lifting the lid on corneal curvature as after ptosis surgery
has been infrequently investigated and conflicting results have been obtained.
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Astigmatic, myopic and even hyperopic refractive shifts''
have been reported after ptosis repair, with varied explana-
tions for the same.

Ptosis surgery is one of the most commonly performed
surgery by the oculoplastic surgeons. Thus, it is imperative
to be aware of the potential refractive complication of this
largely-cosmetic surgery, which if unaddressed, can affect
the quality of vision post-operatively in adults and can
even lead to amblyopia in children.'? In this study, we
prospectively analysed corneal topographic and refractive
changes after surgical correction of congenital ptosis by
frontalis sling surgery using corneal topographer, kerat-
ometer and autorefractometer to assess important variables
including how the postoperative eyelid position influences
the anterior corneal surface, which corneal meridian is
affected the most, when do these changes become clini-
cally significant and the most susceptible age group.

Materials and Methods
Written and
patients/parents in case of children. This study was
approved by the Institutional Ethics Committee,
Institutional Review Board of VM.M.C & Safdarjung
NewDelhi (IEC/VMMC/SJH/2017/10-341).
Patients with simple severe congenital ptosis attending

informed consent was taken from all

Hospital,

the outpatient department of the Oculoplastic division
were selected over a period of 18 months. Children
under the age of 5 years, patients with existing corneal
surface diseases (such as pterygium, keratoconus, kera-
toglobus, ectasias, corneal scarring etc.), acquired or
synkinetic ptosis (Marcus Gunn jaw winking and misdir-
ected 3rd nerve ptosis) history of previous intraocular,
refractive, eyelid surgery or contact lens use, or patients
with dry eye were excluded from the study. A total of 60
eyes of 48 patients were identified for this prospective
study, the demographic characteristics of which are pre-
sented in Table 1.

Baseline assessment included visual acuity assessment,
slit lamp examination, fundus examination to identify any
anterior or posterior segment pathology and measurements
Fissure Width,
Marginal Reflex Distance 1 and 2, Vertical Fissure

including evaluation of Horizontal

Height in primary, up and down gazes, lid excursion,
levator action, frontalis action, Marginal Crease Distance,
tarsal height and assessment of bells phenomenon. Ptosis
was considered as severe if there was 4mm or more of

upper eyelid drooping with poor levator action.'

Table 1 Demographic Characteristics of the Study Group

Demographic Variables Patient Characteristics
(n= 60 Eyes of 48 Patients)
| | Age group | Mean 18.83 + 10.32 years
5-10 years 18 (30%)
>1018 years 20 (33.3%)
>|8 years 22 (36.6)
2 | Gender Male 24 (40%)
Female 36 (60%)
3 | Laterality | Unilateral 36 (75%) of 48 patients
surgery
Bilateral surgery 12 (25%) of 48 patients

Corneal curvature was then assessed by the corneal
topographer (Shipp Nippon, CT 1000). In addition, kerato-
metric readings and astigmatism values were also acquired
by IOL-Master (Carl Zeiss, 500), to assess the agreement
of values between the two. Central corneal thickness
(CCT) was measured by AS-OCT (Cirrus HD-OCT) and
refraction done by autorefractometer (Unicos URK-800).
Topographic maps of the eyes were assessed to determine
the relatively flat axis (K;), steep axis (K,), average kera-
tometric values (Kavg), astigmatism, and topographic pat-
terns. Astigmatism of more than or equal to 0.20 D was
considered significant pre-operatively.

Having obtained the baseline parameters, frontalis
sling surgery with silicon rod was performed on the
study eye by using Mehta’s modification'* of Modified
Crawford’s technique in all patients, and by the same
oculoplastic surgeon. The patients were followed up at 1
week, 1 month and 3 months after surgery and the above
parameters were reassessed. The data was entered in MS
EXCEL
Statistical Package for Social Sciences (SPSS) version

spreadsheet and analysis was done using
21.0. Normality of data was tested by Kolmogorov—
Smirnov test. For qualitative variables, frequency distribu-
tion was used. Paired #-test was used to compare pre-
operative with post-operative and intermachine variability;
independent #-test was used for subgroup analysis. A p
value of <0.05 was considered statistically significant.

Results

Refraction
The average pre-operative cylindrical error of the study
population amounted to —0.98 D by objective refraction.
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Table 2 Relevant Change of Parameters at 3 Months as Compared to Pre-operative Value and Statistical Significance

PRE - OP (Mean % SD) | 3 Months (MeantSD) | Mean Change | Min. Change | Max. Change | p value

I | Refraction —0.97£1.99 —1.00£2.07 0.02 —0.03 0.08 0415

Sph(D)

Cyl(D) —0.98%1.00 —0.62£0.52 —0.36 —0.07 —0.63 0.014
2 | CCT (um) 526.27%16.12 526.13+16.00 0.13 —0.65 0.92 0.732
3| K, (D) 43.64£1.83 44.22+1.80 —0.58 -0.23 -0.93 0.002
4 | K, (D) 45.05+2.05 45.17£2.01 —0.11 0.34 —0.56 0.620
5 | Kave (D) 44.35+1.87 44.69+1.89 —0.34 0.01 —0.71 0.060
6 | Astigmatism —1.41%£1.03 —0.94+0.54 —0.47 —0.11 —0.83 0.011

(Average) (in D)
7 | Astigmatism —3.73£1.25 —2.40%0.71 -1.32 —0.84 —-1.80 0.000

(Peripheral zone)

(in D)
8 | BCVA (logMAR) 0.48+0.26 0.24+0.18 0.24 0.10 0.32 0.011

Three months post-operatively, the mean cylindrical error
improved to —0.62D (p value 0.01) Ref. Table 2. In con-
trast, the spherical power did not change significantly (p
value 0.41). Correspondingly, the mean BCVA signifi-
cantly improved by 0.24+0.04 logMAR after the surgery
(p value 0.01). The mean value of CCT did not undergo
any significant change (p value 0.73).

Corneal Topography

As measured by the corneal topographer, a significant
steepening of the previously flatter meridian was observed
at 1 month and 3 months of follow up, however the change
was not significant 1 week post-operatively (p value 0.6).
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In contrast, there was no significant change of K, and
Kavg from its pre-operative value on any of the follow
up visits. Subsequently, the average astigmatism decreased
by —0.26+0.65D and —0.47+0.95D from the pre-operative
value 1 months and 3 months post-operatively (P value
0.03, 0.01 respectively). Ref. Figure 1.

Furthermore, astigmatism values acquired via IOL
Master did not differ significantly from those of topo-
graphic data at any of the follow up visits (p values 0.2,
0.4, and 0.6 respectively) Ref. Figure 2. The mean value of
astigmatism in the central zone was significantly lower
than the peripheral zone by —2.3D, —1.72D, —1.71D and
—1.49 D pre-operatively, on 1 week, 1 month and 3rd
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Figure | (A) Pre-operative corneal topographic map of the right eye of a patient showing with the rule astigmatism. (B) Corneal topography of the same patient 3 months
post-operatively, demonstrating reduction in astigmatism, steepening of K| while the K2 remains relatively unchanged.
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Figure 2 Comparison of astigmatism by IOL master and topographer.

month post-op respectively (p value 0.0). However, there
was no significant difference between the average kerato-
metric reading of the central and peripheral zone at any of
the follow up visits (p value 0.1, 0.09, 0.09).

Astigmatism

On pre-operative analysis of the axes, we observed that out
of the total 60 eyes operated, 38 (63.33%) had with the
rule astigmatism, 12 (20%) had oblique astigmatism and
10 (16.6%) against the rule astigmatism. Three months
post-operatively, in 76.6% patients, the pattern of astigma-
tism remained comparable to their pre-operative value. In
the 23.3% patients whose astigmatism pattern changed
after surgery, in 12 out of 14 (85.7%) reported change to
with the rule direction, in 10 of whom, the change
occurred from against the rule to with the rule direction
and in the remaining 2 patients, the change occurred from

opographer
1 3

I0L Master

m |OL Master

oblique to with the rule direction. The remaining 14.2%
reported change from with the rule to oblique direction.

Subgroup analysis revealed that the average pre-
operative astigmatism in children of the age group of
5-10 years was observed to be —1.42 D while in children
of 10-18 years of age was —1.32 D. At 3 months postop,
while the average astigmatic error dropped down to —0.57
D in children of the younger age group (p value 0.01), it
only marginally changed to —1.01 D in older children (p
value 0.07).

Discussion

It is established that congenital ptosis, due to excessive
mechanical eyelid pressure alters the corneal curvature and
induces corneal asymmetry and refractive errors. The pres-
sure from upper eyelid on the cornea most commonly
leads to steepening of the vertical meridian and subsequent
with the rule (WTR) astigmatic shape of the cornea.’
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Considering this in mind, the effect of lifting the lids as
after ptosis surgery should reverse these astigmatic shifts
and cause the steepened vertical meridian to become flat
again.

Paradoxically, Cadera et al,10 for the first time, reported
an overall increase in average astigmatism of 0.30D after
surgery for congenital ptosis in children. In a series of
patients with congenital ptosis, Merriam et al,'> noted
a high incidence of astigmatic errors after surgery; 15%
of the patients developed an increase in corneal steepening
along the 90° meridian after surgery. They theorized that
surgically elevating the eyelid may apply pressure on the
globe superiorly that might create a steepness in that
meridian, or a with-the-rule change. However both the
studies were based only on refraction, thus the clinical
evidence for change in refraction from a change of curva-
ture of the cornea could not be demonstrated.

In an attempt to establish the same, corneal topography
has been used to assess the corneal curvature following
ptosis surgery and varied results have been obtained.
Holck DE'® using corneal topography demonstrated an
increase in WTR astigmatism 6 weeks after surgery, 13.8%
of surgical eyes showed increasing ATR astigmatism. On the
contrary, in a recent study conducted by Savino et al,'” on 20
eyes of 17 patients affected by congenital and acquired
ptosis a reduction in average keratometry of 0.15 + 0.47
D and in corneal astigmatism of 0.26 = 1.12 D was noticed.
However, the sample size was small and the study was
retrospective in nature. In our prospective study, a higher
mean dioptric reduction of astigmatism by —0.47+0.95
D was observed 3 months post-operatively.

In our study, it was uniquely observed that following
ptosis repair, there is steepening of the cornea along the
previously flatter meridian as measured by both by IOL
master and topographer at both 1 month and 3rd month
post-op, while the steeper meridian remains relatively
with
increased corneal symmetry. Also, much greater astigmatic

unchanged; subsequent  progression towards
changes in the peripheral cornea as compared to the cen-
Gullstrand’s

hypothesis'® to explain the above findings. He stated that

tral cornea were observed. We use
corneal astigmatism was changed by the pressure of the
eyelids in WTR direction, attributing this to a flattening of
the cornea by the eyelids. He stated that when the cornea is
flattened peripherally, the central cornea becomes steeper
in WTR direction. In accordance with the above, that the
effect of lifting the lids as after ptosis surgery repair

should reverse these changes, as evidenced by our study.

We postulate that on lifting the lid, the reversal of the
excess pressure on the previously flatter meridian causes
reversal of the flattening in that meridian. However, the
change of the peripheral cornea is much more than that of
the central cornea, so the steeper meridian remains rela-
tively unchanged; whereas steepening of the previously
flatter meridian leads to decreased astigmatism and
increased progression towards corneal symmetry.

Even though corneal topography is an established
method to assess corneal curvature and yields information
about the entire surface of cornea, as opposed to kerato-
metry that only assesses the central 3mm of cornea,'” the
magnitude of astigmatism was not underestimated by ker-
atometry in our study. However, on further analysis, it did
underestimate the number of patients undergoing astig-
matic shift at 1 months by 50% and at 3 months by 40%.

The difference between the two age groups could sug-
gest that during the growing years there could be a greater
plasticity of ocular surface and structure development,
leading to greater reduction in astigmatism. Thus children
with severe congenital ptosis may benefit by an early
surgical approach by reducing the amount of final cylind-
rical correction.

The ophthalmic impact of our study is noteworthy.
Assessment of the corneal meridians and identification of
flat and steep axis can help the surgeon predict the astig-
matic shifts beforechand. In case large astigmatic shifts are
expected, it is our duty to counsel the patients pre-
operatively regarding the blurring of vision and to wait
for at least 3 months before getting a repeat refraction
done. This also has relevance in patients planning to
undergo refractive surgeries. The results of our study
also suggest that it may be prudent to operate at an earlier
age, since there is greater reduction of amount of astigma-
tism in younger age as compared to older children. This
can prevent the risk of development of anisometropic
amblyopia, if post-operative refraction is not done.

One inherent limitation to our study is the lack of
assessment of the effect of ptosis surgery on posterior
corneal curvature and the small sample size. However,
in this study, for the first time to the best of our knowl-
edge, our results attest that ptosis surgery reverses the
flattening induced by the excessive eyelid pressure and
hence decreases the amount of astigmatism, which
should be recognized and addressed post-operatively.
However, further evaluation in a large population is

advisable.
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Conclusion

In this study, we attempted to assess the effects of frontalis
sling surgery on corneal curvature and found that reposi-
tioning of the upper eyelid may result in reversal of
induced corneal curvature changes and astigmatic shifts
that alter the patient’s spectacle or contact lens correction
post-operatively. Furthermore, operating at a younger age
group causes greater reversal of these changes. This infor-
mation may be essential to guide patient selection pre-
operatively, counsel patients beforehand and improve
functional outcomes of surgery.
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