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Abstract

Purpose Comparing the surgical and refractive outcomes of congenital ptosis repair by different surgical techniques.
Methods This longitudinal cohort study reviewed medical records of 101 patients who underwent congenital ptosis
repair, from 2006 to 2022 in a single center. Analysis was performed for demographic background, co-morbidities,
pre-operative and post-operative ocular examinations and refraction, complications, reoperations, and success rates.
Results Following exclusion criteria, we remained with 80 patients (103 eyes) who underwent either frontalis muscle
suspension surgery (FMS) (55 eyes) or levator muscle surgery (LM) (48 eyes). Patients in the FMS group were younger
(mean age of 3.1 vs. 6.0 years, p <0.001) and had worse pre-operative ocular assessments including prevalence of
visual axis involvement, chin-up head position, ptosis severity, and levator muscle function (LF) (p <0.001). Both
groups had a 25% rate of reoperation, however while in the LM group reoperation was required solely due to under-
correction, in the FMS group various indications prompted reoperation. Success rate was higher in the FMS group
(87.3% vs. 60.4%, p=0.002). While pre-operative astigmatism was higher in the LM group (p =0.019), no significant
differences were observed post-operatively. Spherical and spherical equivalent changes over time were significant
only in the FMS group (p =0.010 and p =0.004, respectively).

Conclusions Within our cohort, a higher success rate of congenital ptosis repair was observed among patients who
underwent FMS compared to LM, despite similar reoperation rates. In cases of severe ptosis and moderate LF, LM
demonstrated a lower-than-anticipated success rate. Astigmatic changes following ptosis repair were not consistent
in either group.
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Key messages

What is known:

® Granuloma formation represents a rare complication of frontalis muscle suspension surgery, and is typically
associated with the exposure of the sling material or a localized infection

® Sclection of the optimal surgical technique for congenital ptosis is contingent upon the severity of the ptosis as

well as the functionality of the levator muscle
What this study adds:

® Suturing of the sling material to the tarsus might predispose to an eyelid granuloma formation

@ Bilateral operations may improve eyelid symmetry and increase success rates

@ Patients with severe ptosis coupled with moderate levator muscle function may benefit from a frontalis muscle

suspension operation

Introduction

Congenital ptosis is a condition in which the eyelid droops
abnormally over the eye before the age of one year. Most
cases present unilaterally and are diagnosed within weeks
of birth. Typically, this condition is isolated, non-syn-
dromic, and idiopathic, with varying severities of levator
palpebrae superioris muscle dysgenesis and dysfunction.
Other etiologies include mechanical ptosis resulting from
eyelid lesions (e.g., neurofibromas or hemangiomas), ana-
tomical malposition such as blepharophimosis, or neuro-
genic due to various conditions such as Horner’s syn-
drome, Marcus Gunn jaw-winking syndrome (MGJWs),
third nerve palsy, and congenital muscle dysfunction.
Additionally, congenital ptosis may have underlying chro-
mosomal alterations [1].

A major concern with congenital ptosis is the risk for
amblyopia, resulting from either visual deprivation when the
visual axis is obstructed by the low-lying eyelid [1-4] or sec-
ondary to refractive changes due to the pressure of the eyelid
on the eyeball, although this concern is controversial [4-8].

Several surgical approaches exist, depending on ptosis
severity and levator muscle function (LF) [1, 9]: (A) Leva-
tor muscle intervention with advancement and/or resection,
is usually preferred when the levator muscle has adequate
function of over 4 mm; (B) Frontalis muscle suspension, is
used when LF is lower than 4 mm. This technique connects
the tarsus in the upper eyelid to the frontalis muscle, caus-
ing the eyelid to move upward when the frontalis muscle
contracts. A range of materials can be used as a sling in this
operation [10-13]: autologous materials, banked fascia lata,
or synthetic materials such as expanded polytetrafluoroethyl-
ene (ePTFE), silicone, silk, and more; (C) Miiller’s-muscle
conjunctival resection or similar surgeries can be considered
for mild cases when phenylephrine test is positive.
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Our aim was to evaluate the outcomes of the various
techniques in our large cohort of congenital ptosis cases
and to share our experience in comparison to the available
literature. This information might assist in the decision-
making process of tailoring the best surgical technique for
each individual patient.

Methods

This longitudinal cohort study was approved by the Institu-
tional Review Board (IRB) of Tel Aviv Medical Center and
performed in accordance with the declaration of Helsinki.

The medical records of all patients who underwent con-
genital ptosis repair from January 2006 to January 2022 at
the Tel-Aviv Medical Center, were retrospectively reviewed.

Included in this study are patients who were operated on
before 18 years of age, completed at least one month of
follow-up post-operatively, and had pre-operative ocular
assessment data available for review. Patients excluded
from the study were those with mechanical ptosis due to
neurofibromas or other lesions in the eyelid, and patients
who had undergone ptosis repair elsewhere. Initially, we
included a small group of patients who underwent Miil-
ler’s-muscle conjunctival resection (6 patients, 8 eyes).
However, given the small sample size, statistical analy-
sis and comparison were not feasible, and consequently
excluded from the study.

The following parameters were obtained during data
collection: age at surgery, gender, laterality, ptosis etiol-
ogy, prior ocular surgeries, and previous medical history.
Detailed ocular examination of both eyes before the opera-
tion and post-operatively at 1-month, 3-months, 6-months,
12-months, and at final follow-up were also recorded. The
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examination included the following factors: visual acuity,
cycloplegic refraction by a pediatric ophthalmologist, pres-
ence of amblyopia and strabismus, eye movements, Mar-
ginal to Reflex Distance 1 (MRD1), LF, presence of visual
axis involvement (partially or fully covered) and abnormal
chin-up head position. Visual acuity was assessed in pre-
verbal patients with the central-steady-maintained (CSM)
approach, and in verbal patients with Lea’s symbols or Snel-
len’s numbers eye chart, depending on age. For statistical
purposes, logMAR values (logarithm of the Minimum Angle
of Resolution) were calculated for measures of visual acu-
ity, by the negative log (in base 10) of the Snellen’s / Lea’s
visual acuity fraction [14]. LF was measured by the differ-
ence between upper eyelid position when looking down and
up, while eliminating frontalis muscle action manually. LF
of 4 mm or less was considered as poor function, 5 — 8 mm
as moderate, and 9 mm or more was considered as good.

The following data at post-operative visits were also ana-
lyzed: complications, reoperations, upper eyelid position,
contour and symmetry compared to the fellow eye (asymme-
try was considered > 1 mm difference between the eyelids’
height), and cycloplegic refraction changes.

Success was defined as: good post-operative eyelid height
(2<MRD1 <4.5 mm with a correction of at least 2 mm from
baseline), contour, and symmetry (up to 1 mm difference
between both eyes).

Surgical technique

Two types of surgeries for congenital ptosis repair were
included in this study: levator muscle surgery (LM) and
frontalis muscle suspension surgery (FMS).

All surgeries were performed under general anesthesia
due to the patients’ age. Local anesthesia with Lidocaine
2% + Marcaine + Epinephrine (1:100000) was administered
prior to skin incisions.

FMS was performed with ePTFE (Ptose-Up® 3 mm (FCI
S.A.S., France)) in most patients except for four eyes with
a silicon sling and three eyes with a 2 — 0 silk suture. All
materials were soaked in Cefazolin or Gentamicin, accord-
ing to the surgeon’s preference, prior to use. Intraoperative
Amoxicillin/Clavulanic acid was given intravenously in a
pediatric dosage according to weight.

The surgery was performed with the Fox’s Pentagon
technique, utilizing 5 small skin incisions for passing the
sutures. Incisional sites were marked and administered
with local anesthesia prior to incision. Two eyelid inci-
sions were performed approximately 2 mm supraciliary
corresponding to the limbal edges, another two incisions
were performed above the brow (one medial and one lat-
eral), and a fifth incision in the forehead. Sling materials
were passed in the sub-orbicularis plane with a Wright’s

needle to the corresponding incision above the brow, fol-
lowed by the forehead incision, where the two ends of the
sling are met and tied. In seven eyes, the sling was sutured
to the tarsus with Ethibond 5 — 0. Skin incisions were
closed with absorbable sutures and topical neomycin/
polymyxin b/dexamethasone ointment was applied. All
patients continued the topical ointment for 1 — 2 weeks
post-operatively. Oral Amoxicillin/Clavulanic acid for a
week and intensive eye lubrication were also prescribed.

LM was carried out in the standard anterior approach. A
skin incision was performed along the lid crease, and fol-
lowing exposure of the tarsus and levator aponeurosis, the
levator aponeurosis was disinserted from the tarsus and later
reattached to it. The medial and lateral horns were disin-
serted before resection of the levator muscle was carried
out. The skin was closed with an absorbable suture and
topical neomycin/polymyxin b/dexamethasone ointment
was applied.

Statistical analysis

All statistical tests were 2 — sided and p <0.05 was
considered statistically significant. SPSS software was
used for all statistical analyses (IBM SPSS Statistics for
Windows, version 27, IBM corp., Armonk, New York,
USA, 2020). Categorical variables were reported as fre-
quency and percentage and compared between the two
surgeries using the Chi-Square test or Fisher’s exact test.
Paired t-test was used for the unilateral cases when the
two eyes were compared. Continuous variables were pre-
sented as mean + standard deviation and range in brack-
ets and compared between the two surgeries using the
Mann—Whitney test.

Results

The records of 101 patients (129 eyes) were reviewed.
After sorting according to the inclusion/exclusion crite-
ria and withdrawing from analysis the very small group
of patients who underwent Miiller’s-muscle conjunctival
resection (6 patients, 8 eyes), 80 patients (31 females, 49
males), totaling 103 eyes, remained. Of those, 38 patients
(55 eyes) underwent frontalis muscle suspension surgery
(FMS group) and 42 patients (48 eyes) underwent levator
muscle surgery (LM group). The mean age at operation was
4.6 +3.9 years (range 1.5 months — 16.9 years) for the total
cohort, 3.1 years (1.5 months — 13.1 years) in the FMS group
compared to 6.0 years (5 months — 16.9 years) in the LM
group, with a statistical significance of p <0.001. The mean
follow-up was 27.5 months (range 1 — 134 months), with a
longer mean follow-up of 33.2 months (1 — 103 months) in
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Table 1 Pre-operative ocular

Frontalis suspension ~ Levator muscle sur- P value Total, n=103 (%)
assessment of the operated eyes

surgery, n=>55 (%) gery, n=48 (%)

Laterality

Right eye 28 (50.9) 19 (39.6) 0.290 47 (45.6)

Left eye 27 (49.1) 29 (60.4) 56 (53.4)
Bilateral surgery 34 (61.8) 12 (25.0) 0.002 23 (22.3)
MRD1, mm (range) 0.35+1.23 1.12+0.85 <0.001 0.71+1.14

(-5*to0 3) (-1t03.5) (-5t03.5)

Levator muscle function®

Poor 51(92.7) 2(4.2) <0.001 53 (51.5)

Moderate 3(5.5) 19 (39.6) 22 (21.4)

Good 1(3.6) 27 (56.2) 28 (27.2)
Visual axis involvement

Opened 50.1) 25(52.1) <0.001 32 (31.1)

Partially opened 26 (47.3) 19 (39.6) >0.050 43 (41.7)

Blocked 24 (43.6) 4(8.3) <0.001 28 (27.2)
Amblyopia 6 (10.9) 6 (12.5) 0.802 12 (11.7)
Strabismus 3(5.5) 5(10.4) 0.468 8 (7.8)
Chin-up head position 28/38 (73.7%) 8/42 (19.1%) <0.001 36/80 (45%)

(per patient)

# Minus sign marks the eyelid position below the corneal light reflex. -5 represents a full ptosis

b Levator muscle function scale that was used: poor when <4 mm, moderate when 5 mm to 8 mm, and
good when>9 mm

Table 2 Refraction results

Frontalis suspen-  Levator muscle surgery P value Total
of the operated eyes at last

sion surgery

follow-up
Visual acuity (logMAR)*
Pre-op 0.16+0.14 0.14+0.15 0.14+0.15
Post-op 0.13+0.14 0.11+0.12 >0.500 0.12+0.12
Mean change -0.03+0.12 —0.03+0.13 -0.03+0.13
Sphere (D)
Pre-op 1.62+1.19 1.25+1.93 0.631 1.53+1.40
Post-op 1.01+1.39 1.31+£3.97 0.267 1.11+£2.30
Mean change -0.61+1.34 0.06+£2.25 0.027 -042+1.63
Cylinder (D)
Pre-op -0.71+£0.95 -1.58+1.51 0.019 -0.93+1.17
Post-op -0.76+0.92 -1.48+1.55 0.128 -096+1.14
Mean change -0.05+£0.96 0.10+0.61 0.834 -0.02+0.89
Spherical equivalent (D)
Pre-op 1.27+£0.95 0.46+2.41 0.230 1.06 +£1.48
Post-op 0.63+1.27 0.57+4.35 0.171 0.63+2.42
Mean change -0.64+1.21 0.11+2.15 0.022 -043+1.53

* logMAR (Logarithm of the Minimum Angle of Resolution) for numeric visual acuity only
D diopters

the FMS group compared to 22.3 months (1 — 134 months)  p=0.002. Ocular movement deficiency was recorded in 7 eyes
in the LM group, p=0.038. only (6.8%). Abnormal chin-up head position was observed
Pre-operative assessments and patient characteristics are  in 36 patients (45.0%), over 75% of them in the FMS group,
summarized in Table 1. A bilateral surgery was performed  p <0.001. Pre-operative prevalence of amblyopia and strabis-
in 17 patients in the FMS group and 6 in the LM group, = mus were not statistically different between the two groups.
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Refraction results at the last follow-up are summarized
in Table 2. The preoperative cylinder was statistically
different between the two groups: -0.71 +0.95 D in the
FMS group compared to -1.58 +1.51 D in the LM group,
p=0.019. No significant post-operative change in refrac-
tion was documented in the LM group. The FMS group,
however, had a statistically significant change in the sphere
(»=0.010) and the spherical equivalent (SE) (p =0.004),
but not in the cylinder (p =0.873). The final cycloplegic
refraction was more myopic, which may correlate to the
emmetropization process of younger patients in this group.

We conducted a sub-analysis on the 57 patients with
unilateral ptosis, using the non-ptotic eye as a control. The
change in refraction after the surgery was not significantly
different between the operated and the unoperated eyes.
Eight patients (14.0%) had an astigmatic inter-ocular dif-
ference of 1 D or more, six of them (10.5%) featured a
higher cylinder with the ptotic eye. Axis was against-the-
rule in three eyes, oblique in two eyes, and with-the-rule
in one eye. All eyes exhibited severe ptosis with MRD1
of 0 — 1 mm.

The final success rate at the last follow-up (including
good eyelid position, contour, and symmetry), was 74.8%
(77 eyes). The success rate was higher in the FMS group
87.3% (48 eyes) versus 60.4% (29 eyes) in the LM group,
p=0.002.

A similar reoperation rate was demonstrated in both
groups: 14 eyes (25.5%) in the FMS group and 12 eyes
(25.0%) in the LM group, p >0.999. The leading causes
for repeated surgery were recurrent ptosis and asymme-
try greater than 1 mm between the eyes: 10/14 in the FMS
group (including three eyes with recurrent ptosis secondary
to trauma within a month after surgery) and 12/12 in the LM
group. Granuloma / abscess formation was observed in 4/14
in the FMS group, and none in the LM group; p =0.006.
Among them, three eyes had a silicon sling sutured to the
tarsus with Ethibond suture in the primary operation with
the granuloma formed in the eyelid, and one ePTFE sling
in which the granuloma formed above the eyebrow. All
cases of granuloma were successfully treated by removing
it along with the sling material, resulting in a final success-
ful outcome.

All the reoperations of the FMS group due to recurrent
ptosis consisted of recurrent frontalis muscle suspension,
one of them combined with levator muscle resection. Two
reoperations had unfavorable results due to lagophthalmos
and lid retraction. The success rate of the FMS reoperation
group was 85.7%.

Within the LM reoperation group, 11/12 had a recurrent
levator muscle intervention (one of them combined with a
frontalis muscle silicon suspension operation) with four eyes
having unsatisfactory results: three eyes due to undercor-
rection and one eye due to overcorrection. One patient had

a frontalis muscle ePTFE suspension surgery with a final
good result. The success rate of the LM reoperation group
was 66.7%.

Upon sub-analyzing the LM group according to pre-oper-
ative LF, we found 19 eyes with a moderate LF. Success after
the primary surgery was seen in 6/19 eyes (31.6%). Among
the unsuccessful cases (13/19), only six chose to perform
a reoperation, and three of them reached final successful
results. Meaning, this subgroup of preliminary moderate LF
had a low success rate after the primary LM operation of
31.6% rising to 47.4% (9/19 eyes) after reoperations. In the
FMS group, three eyes had a moderate LF and all three of
them achieved successful results with no reoperation needed.

A further sub-analysis was done for neurological or ana-
tomical ocular syndromes, contributing to the eyelid posi-
tion. This subgroup comprises 12 patients: six MGJWs, four
Blepharophimosis syndrome, one Horner’s syndrome, one
Persistent Fetal Vasculature (PFV) with microphthalmia.
Amblyopia was diagnosed in two patients in the ptotic eye
and was treated with glasses and penalization treatment with
part-time patching, resulting in final good vision. FMS was
done in 13/15 eyes in this group. There were two unsuc-
cessful operations: a patient with MGJWs who had a levator
surgery with undercorrection and multiple reoperations with
levator resection and frontalis muscle suspension. The sec-
ond patient, with PFV and microphthalmia, had FMS using
a silk suture with undercorrection, reoperation in the same
technique resulted in eyelid retraction.

No intraoperative complications were recorded. Short-
term complications included dry eyes and a few corneal ero-
sions that were treated with topical antibiotics and lubrica-
tion. Long-term complications included eyelid retraction,
lagophthalmos, and undercorrection, as described before.
We had four cases of granuloma / abscess formation in the
FMS group as previously mentioned.

Discussion

Congenital ptosis may lead to amblyopia and abnormal
head position, therefore early assessment is important.
Follow-up should be carried out by both an oculoplastic
surgeon and a pediatric ophthalmologist for the optimal
timing of ptosis repair. Patients should be regularly evalu-
ated for amblyopia, and treated as needed.

In our study group, we found significantly younger
patients in the FMS group, with a worse pre-operative base-
line (see Table 1): lower MRD1 with a higher percentage
of visual axis involvement and chin-up position. This can
be explained by the severe ptosis presentation necessitating
early intervention.

Unlike previous reports indicating a high prevalence of
amblyopia ranging from 15 to 48%, and strabismus ranging
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from 10 to 32% [2-4, 6, 7, 15—18], our cohort exhibited
a lower percentage of amblyopia (Table 1). This may be
attributed to the collaborative efforts of our medical center’s
Oculoplastic and Pediatric Ophthalmology teams, as well
as increased awareness of the importance of careful vision
assessment and operating prior to amblyopia development.

Previous studies reflect the controversy over the refractive
changes caused by the lower position of the ptotic eyelid.
Several reports found significant anisometropia (sphere and/
or cylinder) between the ptotic and non-ptotic eyes pre-oper-
atively, however incidence varied greatly from 10 to 34%
[5-8, 15, 19, 20]. Our unilateral cases sub-analysis revealed
that 17.5% of cases had an anisometropia of 1 D or more,
mainly due to astigmatism with the higher cylinder in the
ptotic eye. Theory suggests that the ptotic eyelid causes pres-
sure on the cornea, creating astigmatism. This theory may
explain the higher mean astigmatism in the LM group, as
the children in this group were operated on at an older age,
allowing the ptosis a longer period for astigmatic change to
evolve. However, there is no persistent data regarding the
amount, axis, and frequency of astigmatism, as each study
reports different results.

An astigmatic change following ptosis repair surgery
was reported previously. Some studies showed a reduction
in astigmatism of the operated eye [21-24], while others
found a high percentage of worsening or creation of astigma-
tism in the operated eye [5, 7, 20, 21]. They speculated that
surgeries involving the levator muscle may create more pres-
sure on the peripheral cornea when the eyelid is elevated.
Holck et al. [25] were the first to use corneal topography for
astigmatic follow-up and showed an astigmatic increase after
levator advancement for congenital ptosis. Gandhi et al. [23]
showed an astigmatic reduction post frontalis suspension
surgery with the steepening of the flatter meridian, while
Assadi et al. [24] showed flattening of the steepest merid-
ian. The discrepancy between the studies could be attributed
to the chosen operation technique, topography method, and
duration of follow-up, as eyelid edema may contribute to
modifications in astigmatism. In our unilateral cases analy-
sis, the astigmatic inter-ocular difference changed post-oper-
atively by 0.75 D or more in 26.9% of patients, with similar
rates of improved or worsened astigmatic power in the ptotic
eye. We found no correlation between the surgical modality,
success, and astigmatic change.

The reoperation rate was similar in both groups. While
the etiologies were varied in the FMS group: undercorrec-
tion, trauma with recurrent ptosis and granuloma / abscess
formation, all reoperations in the LM group were due to
undercorrection. In our cohort, seven eyes had the sling
sutured to the tarsus with an Ethibond suture in the primary
surgery, of which three (with a silicon sling) developed a
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granuloma requiring surgery. Although this is a small sam-
ple size, our experience indicates that suturing of the sling
to the tarsus might be a risk factor for granuloma formation
and should be avoided.

Success rates for the FMS and LM groups were 87.3%
and 60.4%, respectively. These results are comparable to the
literature [6, 9, 15, 26-30]. Difference between the groups
may be due to more bilateral surgeries in the FMS group
allowing more symmetrical results. Additional support can
be obtained by sub-analyzing only the bilateral ptotic cases,
which reveals increased success rates in both groups, specifi-
cally 94.1% (16/17 patients) in the FMS group and 83.3%
(5/6 patients) in the LM group.

Furthermore, we found a lower success rate in eyes in the
LM group in which the pre-operative LF was considered
moderate. Ptosis severity and LF are among the most impor-
tant factors affecting surgeons’ choice of the preferred oper-
ating method. Previous studies showed a correlation between
lower LF and lower success rate and undercorrection. There-
fore, poor to no LF is generally agreed to be the main indica-
tion for a FMS operation [1, 9, 26, 28, 31]. However, cases
of severe ptosis with moderate LF are vaguely depicted in
the surgical algorithm of congenital ptosis treatment and are
left to the surgeon’s discretion. In our cohort, the combina-
tion of moderate LF with severe ptosis showed a low suc-
cess rate after primary LM operation, leading us to believe
that these cases should be considered for a frontalis muscle
suspension operation as primary operation. It is possible that
measurements of LF in infants and non-cooperative toddlers
are more challenging, which may result in an overestimation
of the true LF. This can potentially lead to a suboptimal
surgical approach.

Maximal levator resection has been recently studied and
shows comparable results to the frontalis muscle suspen-
sion operation [29, 32], but was not done in our study group
and requires further studies on larger study groups with a
prospective design.

Our study is limited by its retrospective design with pre-
operative differences among the groups, particularly in terms
of age and severity of ptosis. Additionally, some patients had
a short follow-up period. Finally, our cohort is comprised of
surgeries done mainly by three surgeons, which may con-
found the results.

In conclusion, our findings indicate that the frontalis mus-
cle suspension surgery yields a high success rate in repairing
congenital ptosis, higher than the levator muscle intervention
and despite similar reoperation rates. Undercorrection was
the sole reason in the LM group for reoperation, compared
to various reasons in the FMS group, and higher success
rates were observed when performing a bilateral surgery in
both groups. This should be considered and explained to the



Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:2979-2986

2985

parents prior to the operation. We consider sling materials
such ePTFE, without suturing to the tarsus, to achieve bet-
ter results with fewer reoperations. Considering the lower
success rate in the LM group, especially with a preopera-
tive moderate LF combined with severe ptosis, we propose
consideration of a frontalis muscle suspension operation in
cases of severe congenital ptosis with moderate levator func-
tion, for better results.
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