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Abstract
The purpose of this study was to evaluate the functional and cosmetic outcomes of a new modi-
fied Fox pentagon technique performed using polytetrafluoroethylene in frontalis suspension sur-
gery for blepharophimosis syndrome. This retrospective study enrolled 40 patients diagnosed
with blepharophimosis syndrome from March 2016 to October 2018. All patients underwent
frontalis suspension using a new modified Fox pentagon technique. The functional and cosmetic
outcomes were evaluated. After the operation, the mean palpebral fissure height increased from
2.68 to 6.93 in right eyes and from 2.73 to 6.98 in left eyes. The mean MRD1 increased from 0.53
to 3.76 in right eyes and from 0.50 to 3.78 in left eyes. While preoperative to postoperative dif-
ferences were statistically significant (p \ 0.01), there were no significant differences between
right and left eyes either before or after the surgery (p . 0.01). All patients achieved good cos-
metic results with an average score of 0.6. We have experimentally created a modified Fox penta-
gon technique performed using a polytetrafluoroethylene sling in a frontalis suspension to treat
BPES; this approach yielded favorable cosmetic and functional outcomes.
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Introduction

Blepharophimosis-ptosis-epicanthus (BPES; OMIM#110100) is an autosomal
dominant inherited disorder characterized by malformation of the eyelid, including
ptosis, narrowed horizontal palpebral aperture, epicanthus inversus, and tele-
canthus.1 It has a global prevalence of approximately 1 in 50,000.2

Surgical treatments for BPES always be performed in stages due to the complex-
ity of related eyelid deformities. The first stage includes epicanthus and telecanthus
correction performed using techniques such as the V-Y procedure, Mustarde’s dou-
ble Z-plasty, and so on.3–5 The second stage is ptosis correction. In some patients,
lateral canthoplasty is also used to further extend the palpebral fissure length
(PFL) and is performed simultaneously with medial canthoplasty or after ptosis
correction. In BPES, frontalis suspension is often used to correct the ptosis because
of poor levator palpebrae superioris muscle function. Frontalis suspension surgery
may involve the use of several surgical techniques and sling materials, including
fascia lata, collagen, polypropylene, silicone, silk, nylon monofilament, polyester,
and polytetrafluoroethylene (PTFE).6,7 Polytetrafluoroethylene (Gore-Tex; Gore
and Associates, Flagstaff, AZ, USA) is used for frontalis suspension and achieves
good functional and cosmetic results because of its biocompatibility and resistance
to infection.8,9 Several suture designs, including single loop, Crawford’s double tri-
angle, and Fox’s pentagon or double pentagon configurations, are used for fronta-
lis suspension surgery and achieve similar functional and cosmetic outcomes in
blepharoptosis.10,11

However, in BPES, the contour is not as satisfactory due to the abnormal devel-
opment of eyelid tissues, including the tarsus, orbicularis, and levator palpebrae
superioris; in addition, the thickness and compliance of the lid are different from
those found in normal eyelids and might lead to a less smooth curvature of the pal-
pebral margin and unsatisfactory geometric tenting of the preseptal skin.

In this study, we introduced a modified Fox pentagon technique performed
using a PTFE sling in a frontalis suspension of blepharophimosis syndrome and
evaluated its functional and cosmetic outcomes.

Methods

We retrospectively reviewed the medical records of 40 consecutive patients who
were diagnosed with BPES and underwent frontalis suspension from March 2016
to October 2018 in the Department of Ophthalmology, Beijing Children’s Hospital.
The study was approved by the Beijing Children’s Hospital Ethics Committee and
conducted in accordance with the Declaration of Helsinki. Informed consent was
obtained from all participants or their guardians.

BPES was diagnosed based on the presence of ptosis, a narrowed horizontal
palpebral aperture, epicanthus inversus, and telecanthus, and all the patients had
undergone Y-V medial canthoplasty performed by one of the authors (Q.W.) at
least half a year before enrollment. Exclusion criteria included atypical BPES, con-
genital or acquired blepharoptosis, an absence of Bell’s phenomenon, and a history
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of other eyelid surgeries. All patients underwent ophthalmologic examinations that
included visual acuity, ocular motility, a slit lamp examination, and a fundus exami-
nation. Eyelid measurements were performed preoperatively and postoperatively and
included vertical interpalpebral fissure height (PFH), horizontal PFL, the inner inter-
canthal distance (IICD), and the distance between the corneal light reflex and upper
lid margin centrally (MRD1). These measurements were taken preoperatively and 1
day, 1 week, and 1, 3, 6, and 12 months after the operation and every year thereafter.

All patients underwent cosmetic grading on a 0 to 2 scale, with 0 indicating
excellent results, 1 indicating good, and 2 indicating poor. Excellent was defined as
a less than 1-mm height difference between the bilateral eyelids as well as good
crease and contour. Good was defined as a 1-mm difference in eyelid height and/or
an asymmetric crease, and poor was defined as a poor eyelid crease and contour
asymmetry.12 Three masked observers evaluated and scored all the postoperative
photographs separately. The average of the scores was used for analysis.

All surgeries were performed by the same ophthalmologist (Q.W.). Frontalis sus-
pension was performed in all patients under general anesthesia. An eyelid plate was
placed to avoid ocular trauma. The skin was incised 2–3mm above the upper eyelid
margin, and the pretarsal orbicularis oculi were excised to expose the tarsus. Then,
three separate incisions were made down to the level of the periosteum; two of these
were placed above the brow medially and laterally, and a mid-incision was placed
centrally at 15mm above the brow. First, two PTFE slings were fixed to the tarsus
medially and laterally, the medial arm of the medial sling was passed through the
medial and mid-incisions, and the lateral arm was passed directly through the mid-
incision. Similarly, the lateral arm of the lateral sling was passed through the lateral
and mid-incisions, and the medial arm was passed directly through the mid-inci-
sion. The slings were adjusted to maintain a satisfactory curvature and height of
the upper eyelid. The four arms ended in the mid-incision and were tied together.
The knot was buried under the frontalis. The incisions were sutured using 6-0
absorbable sutures, and a Frost suture was used to protect the cornea (Figure 1).

Statistical analyses were conducted using SPSS version 23.0 (IBM Corporation,
Armonk, NY, USA). The paired t-test was used to compare the preoperative and
postoperative PFH and MRD1 (the 6-month follow-up data were used for analy-
sis). A p value less than 0.05 was considered statistically significant.

Results

A total of 40 patients who met the eligibility criteria were finally enrolled, including
23 males and 17 females. All patients were bilaterally involved, and a total of 80
eyes were included. The mean age of the participants was 3.25 (range: 2–7) years
old. The postoperative follow-up duration was 21.6 (range: 6–36) months. The
baseline characteristics were shown in Table 1.

All patients achieved good cosmetic results without a chin-up head posture
(Figure 2), and the average cosmetic outcome score was 0.66 0.3. The mean PFH
of the right eyes was 2.686 0.62mm preoperatively and 6.936 0.87mm
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postoperatively. The mean PFH of the left eyes was 2.736 0.56mm preoperatively
and 6.986 0.95mm postoperatively. The mean MRD1 of the right eyes was
0.536 0.80mm preoperatively and 3.766 0.55 mm postoperatively. The mean
MRD1 of the left eyes was 0.506 0.75mm preoperatively and 3.786 0.71mm
postoperatively. The differences in PFH and MRD1 between before and after sur-
gery were statistically significant (p\ 0.01). When right eyes and left eyes were
compared, there was no significant difference either before or after the surgery
(p. 0.01) (Table 2).

Figure 1. Steps of blepharoptosis correction: (a) skin marking, (b) diagrammatic representation
of surgical techniques, (c) two PTFE slings were anchored to the tarsus medially and laterally, (d)
the four arms of the PTFE slings were penetrated through the mid-incision, (e) the incisions
were closed with 6-0 absorbable sutures, and (f) Frost sutures.

Table 1. Baseline characteristics of all patients.

General characteristics

Sex (M: F), n 23:17
Median age (range), years 3.25 (2–7)

Normal Abnormal

Ocular motility 40 0
Slit lamp examination 40 0

R L

Visual acuity (logMAR) 0.23 6 0.08 0.22 6 0.13
Spherical equivalents, D 2.16 6 2.37 1.99 6 2.23

M: male, F: female, R: right, L: left, D: degree.
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Figure 2. Comparison between before and after the surgeries: (a) before medial canthoplasty,
(b) 6 months after medial canthoplasty, (c) 1 week after frontalis suspension, and (d) 6 months
after frontalis suspension.

Table 2. Preoperative and postoperative parameters for patients with BPES.

Preoperative (mm) Postoperative (mm) (6 months) p

PFH
Right 2.6860.62 6.93 6 0.87 0.00
Left 2.7360.56 6.98 6 0.95 0.00

MRD1
Right 0.5360.80 3.76 6 0.55 0.00
Left 0.5060.75 3.78 6 0.71 0.00

BUT(s)
Right 10.361.2 9.1 6 1.3 0.63
Left 10.561.7 8.7 6 1.6 0.71

Corneal staining
(N of positive)

Right 0 8 0.00
Left 0 7 0.00

Incomplete eyelid closure
(N of positive)

Right 0 40 0.00
Left 0 40 0.00

Delayed upper eyelid
(N of positive)

Right 0 40 0.00
Left 0 40 0.00

BPES: blepharophimosis-ptosis-epicanthus; PFH: palpebral fissure height; BUT: break-up time.
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Ptosis reoccurred in 1 of the 40 patients (2.5%) 1.5 years postoperatively, and 8
(20%) patients experienced conjunctival prolapse within 2weeks postoperatively
and recovered soon after using topical corticosteroid eye drops and undergoing
binding up of the involved eyes. No infection, rejection of the PTFE sling, or expo-
sure keratitis occurred in any patients.

Discussion

Blepharophimosis-ptosis-epicanthus inversus syndrome is a complex multiple eyelid
malformation that is inherited in an autosomal-dominant pattern and often affects
individuals with Asian ancestry.13 Children born with BPES may experience psy-
chological developmental problems due to the attitudes of the people around them,
especially at kindergarten or school age. Visual development may also be affected
by the occlusion of the eyelid. Affected children may adopt a chin-up posture to
better expose their visual axis.14,15 Therefore, the goals of BPES surgery are sym-
metric and natural-appearing cosmetic results as well as improved visual and psy-
chological development.

Some authors have recommended that one-stage surgical repair of BPES can
achieve satisfactory results.16,17 Others have recommended that surgeries should be
performed in stages due to the complexity of the eyelid malformation.4,18 One-stage
technique is reported in some studies for the reduced chances of general anesthesia.
However, the cosmetic outcomes are not satisfying due to the high skin tesion. To
avoid the horizontal tension produced by performing medial canthoplasty against
the vertical tension, we performed ptosis correction at 6 months after the medial
canthoplasty. In BPES, frontalis suspension is often used to correct ptosis because
of poor levator palpebrae superioris muscle function. Many biological or synthetic
suspensory materials and frontalis flaps have been used for suspension. Autogenous
fascia lata is still considered to be the most effective sling material because of its
lower ptosis recurrence and lower complication rate, but it has certain limitations,
including cicatricial contracture on the upper eyelid, scarring on the thigh, and the
time-consuming general anesthesia required to harvest the graft.6,19 Many studies
have shown that similar functional and cosmetic outcomes and ptosis recurrence
were achieved using autogenous fascia and alloplastic materials.6,20

In this study, we chose PTFE as the sling material because of its good handling
characteristics, lack of associated inflammatory response, and excellent biocompat-
ibility.7,21 Some researchers reported that frontalis suspension for congenital ble-
pharoptosis resulted in similar cosmetic and functional outcomes with autogenous
fascia and other alloplastic materials. PTFE and autogenous fascia resulted in a
lower recurrence rate, although that rate was not statistically significant.

Several suture designs, including a single loop, Crawford’s double triangle, and
Fox’s pentagon or double pentagon configurations, have been used to perform
frontalis suspension surgery and have yielded similar functional and cosmetic out-
comes in congenital blepharoptosis.10,11 However, we found that this was not the
case in BPES due to the presence of multiple malformations of the eyelid, the
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difference in thickness and compliance caused by congenital blepharoptosis, and
because the margin and contour of the eyelid were not satisfactory after sling sus-
pension. Thus, we created a modified Fox’s pentagon technique to add an upward
force in the center of the pentagon baseline, thus effectively improving the shape of
the upper eyelid contour, making it smoother and more natural. In this series, post-
operative MRD1 values and PFH improved significantly, thus creating a very sig-
nificant elevation of the upper eyelid and resolution of the ptosis in addition to
obvious cosmetic improvement. Tenting of pretarsal and preseptal skin can influ-
ence cosmetic outcomes and are common in BPES; we found that sufficiently blunt-
ing the separation between the orbicularis muscle and orbital septum effectively
improves this condition.

Complications of PTFE sling suspension include rejection, extrusion, granu-
loma, conjunctival prolapse, infection, and ptosis recurrence, all of which have been
reported to be infrequent in the literature.6,21,22 In this study, we reported a recur-
rence rate of 2.5%, which was much lower than previously reported rates (4%–
20%),6,20 potentially due to the fixation of PTFE on the tarsus. In this study, we
used the open method, which allowed us to stabilize the PTFE position by directly
securing the sling material to the tarsus and thereby reduce the recurrence rate.
Notably, 20% (8/40) of the patients in this study experienced conjunctival prolapse
and edema, mainly because of the shallow conjunctival sac observed in BPES
patients. All patients resolved soon after administration of topical corticosteroid
eye drops and binding up of the involved eyes. No rejection, extrusion, or granu-
loma was observed in this study, potentially due to the relatively deeper placement
of the sling because the eyelids are thicker and more compact in BPES patients than
in patients with congenital blepharoptosis. Furthermore, we immersed the sling in
antibiotic solution before using it and reduced the amount of direct contact
between the sling and the skin and eyelashes during the operation, and we found
this approach to be useful in reducing the rate of infection.

There are several limitations to this study. First, the follow-up period was not
long, and a longer follow-up period may possibly result in different findings regard-
ing ptosis recurrence or postoperative complications. Second, we did not compare
functional and cosmetic outcomes between our and other techniques, although our
technique did yield satisfying results.

Conclusion

Experimentally, we created a modified Fox’s pentagon technique performed using
a PTFE sling in frontalis suspension for BPES. This approach yielded favorable
cosmetic and functional outcomes. Further observation is needed to obtain a more
comprehensive evaluation of this technique.
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