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Abstract

Background: Deprivation amblyopia is a great concern in hyperplastic persistent pupillary membranes (PPM) which
blocked visual axis. Other ocular abnormality may accompany and further hinder the visual development of the
infants.
We evaluate the long-term visual prognosis and complications in patients with dense PPM and other associated
abnormalities treated with early surgical intervention and timely visual rehabilitation.

Methods: Medical records of patients with surgical removal of PPM from 2000 to 2020 and also receiving visual
rehabilitation were retrospectively reviewed. Besides visual axis blocked PPM, patients combined with other
amblyopic risk factors or ocular abnormalities were included.
Due to preparation for subsequent lens extraction if an underlying cataract was present, the surgical settings
including the instruments and wound direction were similar to cataract surgery. All patients were enrolled in a
visual rehabilitation program as soon as possible. The results including sex, age, timing of operation, initial and final
visual acuity, refractive errors, and complications were recorded.

Results: Seven cases of five patients were included in this case series. Mean age at surgery was 42.3 ± 21.1 months
(range, 5 to 66 months) and the post-operative follow-up period was 4.9 years (range, 1.2 to 8.2 years).
The patient age at time of surgery ranged from 2.5 months to 2.5 years (mean, 14 months). Mean postoperative
follow-up was 5.3 years (range, 2.5–8 years). There were no intra-operative and post-operative complications. Final
BCVA varied with a mean value of 0.29 logMAR (range, 0 to 1 logMAR). An associated ocular abnormality of
ametropia and strabismus led to the best visual prognosis.

Conclusions: In patients with PPM, there were no significant complications in any patient using our technique. The
surgical settings are easier to handle and more familiar with pediatric surgeons. Besides deprivation with patching,
early PPM intervention and timely visual rehabilitation achieve the best visual prognosis in patients associated with
risk of ametropic and strabismic amblyopia.

Trial registration: This retrospective, interventional case series study was conducted at China Medical University
Hospital between April 1, 2000 and April 31, 2020. (IRB number: CMUH109-REC2–069).
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Background
Persistent pupillary membranes (PPM) are the most
commonly seen congenital abnormality of the iris in
newborns. The prevalence rate is high, with 95% of new-
borns being affected. However, it rarely has any visual
development significance because regression is usually
completed before the first year of life [1]. Fine diaphan-
ous remnants at the pupillary margin are a common
finding in older children and adults and they have no
clinical significance.
In cases with thick, heavily pigmented, centrally lo-

cated PPM, intervention is always considered to clear
the visual axis and reduce the risk of deprivation ambly-
opia. Pharmacologic therapy with mydiasis and YAG
laser treatments are all available options with relatively
good outcomes [2]. Surgery is the last resort due to the
risks of general anesthesia, intraoperative bleeding, iatro-
genic cataract formation and post operation endoptha-
mitis [3–5].
PPMs are mostly isolated but association with other

congenital abnormalities has still been reported, includ-
ing congenital cataract, high refractive errors, glaucoma,
micropthalmos and iris coloboma [6, 7]. In such circum-
stances, surgical success cannot guarantee a good visual
outcome.
To achieve the ideal final visual outcome in such com-

plicated cases, pediatric visual rehabilitation may be an-
other additional viable option. In this case-series study,
we report the long-term surgical outcome combining a
visual rehabilitation program in children with PPM and
other ocular abnormalities.

Methods
Ethical approval
This retrospective, interventional case series study was
conducted at China Medical University Hospital
(CMUH) between April 1, 2000 and April 31, 2020. The
study was performed in accordance with the World
Medical Association’s Declaration of Helsinki and the
study design was approved by the Institutional Review
Board of China Medical University Hospital (IRB num-
ber: CMUH109-REC2–069). Owing to the retrospective
design of the study and the use of deidentified patient
information, the review board waived the need for writ-
ten informed consent.

Study population
Patients less than 4 years of age that underwent surgical
intervention of the thick PPM covering the visual axis
were retrospectively reviewed. The inclusion criteria
were surgically treated PPM combined with other am-
blyopic risk factors or ocular abnormalities. For example,
the refractive status was considered amblyogenic

according to American Academy of Ophthalmology
guidelines. Simple PPM cases were not included in this
study.
The main exclusion criteria were (1) lost to follow up

(2) previous interventions including YAG-laser treatment.

Study procedure
A detailed full ophthalmologic exam was performed at
the initial visit, including anterior segment evaluation,
intraocular pressure, and dilated fundus exam. Age, sex,
associated ocular abnormality, pre-operation refraction
status and visual acuity were recorded. The Snellen chart
was the main tool for visual acuity assessment, but ocu-
lar behaviors (ability of fixation and following objects)
were applied to younger patients.
The severity and location of the PPM were evaluated

and described by one experienced examiner (H.J, Lin).
Pre-operative treatment including (1) Tropicamide 1%
(Mydriacyl; Alcon, Belgium) were applied four times a
day. (2) Patching of unilateral or bilateral asymmetric le-
sions were based on the patient’s condition. Patents were
re-evaluated within 2 months. Surgical indications were
as follows: poor retinoscopic reflex, decreased visual acu-
ity, visual axis blockage or opening less than 1.5 mm.

Surgical technique
Due to possible underlying cataract and anterior lens
capsule damage during surgery, all cases underwent
preparation for cataract surgery. If a cataract presented
during the operation, lens extraction could then be car-
ried out.
All procedures were performed under general

anesthesia. Starting from instillation of miotics, a 1.5-
mm clear cornea incision was then made. Viscoelastic
agent was injected into the anterior chamber to create a
working space beneath the pupillary strands to lift off
PPM. Then, a 3-plane 2.2 mm limbus wound was made
as the main wound. The adhering strands were carefully
peeled from the anterior lens capsule with intraocular
scissors. Then, strands at the pupillary margin were cut
with the same equipment. Pupillary strands were re-
moved by Kelman-McPherson forceps. The viscoelastic
agent was washed out and the cornea was sutured with
10–0 Nylon.
Post operation medication included topical levofloxa-

cin (Cravit; Santen, Japan), prednisolone acetate 1%
(Econopred Plus; Alcon, Belgium) four times day and
tropicamide 1% (Mydriacyl; Alcon, Belgium) once a day
for 1 month.

Visual rehabilitation programs
General conditions were managed as usual, including
the timing of patching or prescribing glasses. Visual re-
habilitation programs began as soon as the patient was
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suitable (mostly the training program starting around
the age of 4). A CAM vision stimulator was given once a
week at 30 min a time. Vectograms were also given once
a week at 30 min a time. All the vision therapy contin-
ued until the visual acuity was stable.

Assessment of clinical outcome
Post operation examination was arranged at 1 day, 4
days, 2 weeks, and 1 month after surgery. Refraction sta-
tus, visual acuity and IOP were recorded if possible. An-
terior segment photographs were obtained afterwards.
Then patients were scheduled for outpatient department
at intervals of 3 to 6 months.

Results
Demographic and clinical characteristics of patients
A total of 5 patients with 7 eyes were included. These
cases were suggested to have PPM with a high risk of
amblyopia. There were three males (60%) and two
females (40%) with a mean age of 33.9 months present
in our department (range, 3 to 45months). Table 1
summarizes the key characteristics and visual outcomes
of the individual patient. Mean age at the time of surgery
was 42.3 months (range, 5 to 66months). Associated
ocular abnormality included both eyes inferior oblique
overaction (IOOA), exotropia and severe astigmatism
(− 7.25D in the right eye and − 6.25D in the left eye)
in patient 1. Patient 2 was complicated by severe
astigmatism (− 2.75D in the left eye) and Patient 3
had right eye keratoconus. Patient 4 had large optic

nerve coloboma in both eyes and Patient 5 had severe
anisometropia (5D). The visual acuity before surgery
successfully obtained in four eyes of two patients was
0.54 logMAR. The remaining three patients were too
young to assess viable visual acuity.

Postoperative clinical status during follow-up
After a mean follow-up period of 4.9 (range, 1.2 to 8.2)
years, the best-corrected visual acuity (BCVA) at the
final visit was 0.29 logMAR, and the mean refractive
error was − 5.46 diopters. Table 2 demonstrated the
demographic and clinical characteristics of all patients.
All patients successfully cleared the visual axis and re-
moved all the iris strands. No intraoperative complica-
tions were observed. Slight bleeding presented when
gently cutting the iris strand but this stopped spontan-
eously. No residual hyphema, iatrogenic cataract or in-
fection were observed.
Patient 1 (Case 1 and 2) showed the best outcome in

this series. She presented at the age of 4 with dense
PPM complicated by exotropia and IOOA. An operation
was first performed with PPM then correction of strabis-
mus in the following years. A visual rehabilitation pro-
gram was initiated soon after PPM removal. After
following up for nearly 6 years, her BCVA improved to
0.00 logMAR despite residual high astigmatism (− 7.25D
in the right eye and − 6.25D in the left eye) (Fig. 1). Pa-
tient 2 (Case 3) was similar to Patient 1, except for it be-
ing less severe upon unilateral presentation. A final
BCVA of 0.00 logMAR was achieved by successful

Table 1 Summary of the key characteristics and visual outcomes of the patients

Case OD/S Age of Diagnosis (Ms) Age of Surgery (Ms) PreOP Refraction PreOP Axial length (mm) PreOP VA (LogMAR)

1 OD 45 47 −1.25-2.5 × 10 20.20 0.52

2 OS 45 47 −1.5-3.75 × 175 20.70 0.7

3 OS 37 38 + 2.5–0.75 × 150 19.86 < 1+

4 OD 3 5 −5.25-0.75 × 115 N/A < 1.3*

5 OD 42 64 −5.25-1.25 × 140 22.53 0.52

6 OS 42 66 −7.50-1.25 × 20 23.01 0.4

7 OS 23 29 + 3.75–0.50 × 145 20.55 < 1+

Case Associated ocular condition Final Refraction Final VA (LogMAR) Follow up (Ys) Other Tx

1 XT + IOOA & high astigmatism −1.50-7.25 × 180 0 5.8 Strabismus correction

2 −4.00-6.25 × 175 0 5.8

3 High astigmatism + 2.50–2.75 × 155 0 5.9 No

4 Keratoconus + 0.00–0.75 × 30 0.22 8.2 Scleral lens

5 Optic nerve coloboma & Congenital nystagmus −5.25-3.25 × 160 0.52 3.8 No

6 −6.00-3.75 × 175 1 3.7

7 High anisometropia + 1.50–1.50 × 180 0.3 1.2 No

N/A: Not available.
* By OKN drums as screening test with VA > 20/400
+ By CSM methods as screening test: CSUM (Central, steady, unmaintained) as VA > 20/200
OD right eye, OS left eye, VA visual acuity, XT exotropia, IOOA inferior oblique overaction, logMAR logarithm of the minimum angle of resolution
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operation, visual rehabilitation program and patching.
Patient 3 presented to us at the age of 3 months. Since
the PPM was so dense that it clearly obscured the visual
axis, an operation was arranged at the age of 5. Kerato-
conus became apparent several years later with a follow-
up period of 8 years. He is still amblyopic with BCVA of
0.22 logMAR (on sclera lens). Patient 4 (Case 5 and 6)
had the poorest outcome in this series. This was a case
with bilateral congenital nystagmus and large optic nerve
coloboma. PPM was less severe, so conservative treat-
ment was arranged. Her BCVA failed to improve at 0.52
logMAR in the right eye and 0.4 logMAR in the left eye.

After discussing with her parents, the operation was car-
ried out with initiation of a visual rehabilitation pro-
gram. However, after following up for nearly 4 years,
visual outcome was less effective with 0.52 logMAR in
the right eye and 1 logMAR in the left eye. Patient 5
(Case7) was a case with high ametropia (4D). Even with
a lower follow up duration, he showed promising early
results in terms of visual development (Fig. 2).

Discussion
The pathogenesis of PPM is still a mystery. Some theor-
ies suggest a transitory membrane, composed of strands
from major circulus arteriosus of the iris with the mes-
enchyme failing to regress at the end of eight and a half
months of gestation age [8]. This membrane, which re-
places the vascular tunica, lies between the corneal
endothelium and lens epithelium. The remnants be-
tween the iris collarette form PPM [9]. The diagnosis is
quite straight forward clinically, however, some rare con-
genital conditions should be considered as a differential
diagnosis. For example, pupillary-iris-lens membrane
with goniodysgenesis and congenital idiopathic micro-
coria all present with excessive iris tissue but do not ex-
tend from the iris collarette [10, 11].

Treatment options include conservative treatment
with or without mydriatics. Pharmacological mydriasis,
occlusion therapy and close observation all played some
role in selected cases [2, 6, 12]. Another non-surgical op-
tion is YAG-laser [13]. Besides the risk of hyphema and
pigments dispersion, it may not be efficacious in thicker
PPM. Most importantly, it is reserved for older patients
and mainly for cosmetic reasons. Therefore, it is not
practical in these cases of visual development. Previous
studies considered a pupillary diameter of 1.5 mm neces-
sary for visual development and refrained from ambly-
opic [12]. So, in our practice, the indications for an
operation mostly followed this rule.
Surgical techniques and equipment varied according

to the surgeon’s preferences. Incisions ranged from a
single 4 mm to 1.5 mm wound, to a pair of small inci-
sions [9, 14–16]. We suggested “cataract-extraction-
like” incision wounds, which is one 2.2 mm main wound
with another smaller side port incision [17]. The advan-
tage is pediatric surgeons are familiar with this intraocu-
lar operation setting because it is the same as in cataract
surgery. Further, much more working space can be
achieved compared with a single entry. The most im-
portant advantage compared with single port entry is if
an underlying cataract is discovered during the oper-
ation, sequential cataract operations can be done with-
out changing wound settings. As for separating the PPM
from the iris, vitrectors, vitrectomy scissors, and intraoc-
ular scissors are all recommended instruments [14–16].
We prefer intraocular scissors for two main reasons.

Table 2 Demographic and clinical characteristics of all patients

Characteristics Value (n = 7)

Male: female 3:2

Age at diagnosis (Ms) 33.9 ± 15.6 *

Age at surgery (Ms) 42.3 ± 21.1 *

Intraoperative complications 0*

Postoperative complications 0*

Postoperative follow-up period (Ys) 4.9 ± 2.2 *

Preoperative axial length (mm) 21.14

Initial Visual acuity (LogMAR) 0.54 ± 0.10 +

Final Visual acuity (LogMAR) 0.29 ± 0.37

Initial spherical equivalent (D) −2.84 ± 4.30

Final spherical equivalent (D) −3.46 ± 4.00

*Bilateral eyes were operated; the value was counted twice
+ Only 4 cases could obstain viable data
logMAR logarithm of the minimum angle of resolution, D diopters
Values are presented as number or mean ± standard deviation

Fig. 1 Case 7. A: Before operation; B: One month after operation
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First, nonautomated equipment reduces the risk of iatro-
genic complications, as supported by previous research
[14]. Second, the cost is much lower compared with
vitrectors and non-retina specialists may be unfamiliar
with vitrectors and vitrectomy scissors.
In our study, the associated ocular abnormalities dif-

fered from previous cohorts. To our knowledge, no
other study has reported congenital nystagmus, optic
nerve coloboma, IOOA and keratoconus associated with
dense, thick PPM. Previous studies reported latent
nystagmus, esotropia exotropia and hydrocephalus,
Pallister-Killian syndrome and nasolacrimal duct

obstruction [14, 15]. Further studies may determine
whether a curtain genetic effect or association may con-
tribute to these conditions.
Lens opacity following the operation is the main con-

cern because removing iris strands from the anterior
lens capsule might inevitably cause some minor trauma,
which contributes to this complication. However, our
cases had no induced lens opacities over a relatively long
period of follow-up time. Other studies also reported
comparable results. Courtney et.al reported 10 eyes with
no cataract occurrence after a mean postoperative
follow-up of 5.3 (range, 2.5 to 8) years [14]. Lee et.al

Fig. 2 Subsequent post-operative VA during the follow-up period. Figure 2A to 2D represents the cases with better final visual outcome (Case 1–
3,7). Figure 2E to 2G represents the cases with worse final visual outcome (Case 4–6)
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showed 32 eyes with only 6.3% lens opacity rates in a
mean follow-up of 6.5 (range, 4.0 to 14.8) years [15].
One hypothesis came from a histopathological finding
reported by Ramappa et al. The theory suggested the
lens capsule was special in some cases, and the surface
of the iris strands adhering to the lens can have identical
histologic features from the lens epithelium itself [9]. It
also explained removing a firmly attached PPM from the
lens capsule with an intact lens epithelium.
Visual rehabilitation comprises all kinds of interven-

tions, focusing on improvement of visual abilities, vis-
ual development, and coping with visual disabilities
[18]. The best result comes with a multidisciplinary
approach, involving physicians, optometrists, occupa-
tional therapists and most important of all, the pa-
tients. The program can be either done at home or
trained in the hospital by a teacher. In this case
series, all patients were introduced to curtain training
programs (CAM vision stimulator and Vectograms) as
soon as possible. As expected, the best outcome
(Final BCVA of 0.00 logMAR) was found in patients
with only refractive errors as associated ocular abnor-
malities (Case 1 and 2). Even in the case with very
high astigmatism (>7D), the outcome was excellent.
However, in highly myopic (> 6 D) cases (Case 5 and
6), the outcome could be less favorable with final
BCVA all < 0.18 logMAR in our and other reports
[6]. Strabismic amblyopia can also be avoided through
timely surgical correction (Case 1 ) [19]. The same
results are also supported by a previous study [6]. In
cases with ocular abnormalities other than refractive
status, the outcomes are more variable. PPM is con-
sidered less important in causing amblyopia if treated
promptly and properly. Cases 5 and 6 were the clear-
est examples that amblyopia was caused by large
optic disc coloboma and congenital nystagmus. Tim-
ing PPM removal and a visual rehabilitation program
were fruitless in this case.
According to the population-based normative data

from previous studies, the normative visual acuities of
12 m, 18 m, 24 m, 36m, 48m, 60 m were 0.57, 0.51, 0.48,
0.24, 0.1, 0 respectively [20]. Considered the case with
better final VA (Case 1–3, 7), the visual acuities were all
lagging behind the age norm VA (Pre-OP VA / Age
norm VA): Case 1: 0.52/ 0.1, Case 2: 0.7/ 0.1 Case 3: < 1
/ 0.24 Case 7: < 1 / 0.4. After the operation, it took an-
other 21, 28, 18 and 17 weeks respectively to catch up to
the age norm VA. Due to the lack of a control group, we
could not fully eliminate the possibility of age as a con-
founding factor. On the other hand, the cases with poor
final VA (Case 4–6) never caught up to the age norm
VA due to underlying diseases.
The primary limitation of this study is its retrospective

nature. Therefore, initial VAs were not completed,

especially in non-verbal infants. However, the OKN
drum and CSM methods were carried out as a screening
tool. Those with detailed and regular followed up cases
were included and clear and detailed data were available
for analysis. The second limitation is the lack of a con-
trol group. Due to the concern of deprivation ambly-
opia with delayed treatment, a more proactive
indication was made. Reynolds et.al suggested prompt
therapeutic intervention for PPM, even within the
first several months [21].
The strength of this paper is its long-term follow up

period and focus on how associated abnormalities influ-
ence visual outcomes. There were no significant compli-
cations in any patient using our technique. The surgical
setting and equipment are much easier to handle and
more familiar to pediatric surgeons.

Conclusions
In patients with PPM, there were no significant com-
plications in any patient using our technique. The
surgical settings are easier to handle and more famil-
iar to pediatric surgeons. Besides patching, early
PPM intervention and timely visual rehabilitation
achieve the best visual prognosis in patients
associated with risks of ametropic and strabismic
amblyopia. We suggest early intervention and timely
visual rehabilitation to achieve the best vision prog-
nosis in patients with significant persistent pupillary
membrane.

Abbreviations
PPM: Persistent pupillary membranes; IOOA: Inferior oblique overaction;
BCVA: Best-corrected visual acuity

Acknowledgements
This study was supported in part by the China Medical University Hospital,
Taichung, Taiwan (DMR-106-084).
The research was approved by the research ethics committee of China
Medical University Hospital [CMUH109-REC2-069].
The research was performed in compliance with internationally-accepted
standards for research practice and reporting. Owing to the retrospective de-
sign of the study and the use of deidentified patient information, the review
board waived the need for written informed consent.

Authors’ contributions
The conception and design of the study was performed by HJL. The
acquisition of data was performed by YTH. The analysis and interpretation of
the data and the drafting of the manuscript were performed by YTH and
HJL. The revision of the manuscript for important intellectual content was
performed by HJL. Data validation was performed by HJL and YTH. The
research was supervised by HJL. The author(s) read and approved the final
manuscript.

Funding
The sponsor or funding organization had no role in the design or conduct
of this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Huang and Lin BMC Ophthalmology          (2021) 21:232 Page 6 of 7



Declarations

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest to declare.

Received: 1 February 2021 Accepted: 12 May 2021

References
1. American Academy of Ophthalmology. Basic and Clinical Science Course

2016-2017, vol. Vols. 6. United States: American Academy of
Ophthalmology; 2016.

2. Thacker NM, Brit MT, Demer JL. Extensive persistent pupillary membranes:
conservative management. J AAPOS. 2005;9(5):495–6. https://doi.org/10.101
6/j.jaapos.2005.05.008.

3. Oner A, Ilhan O, Dogan H. Bilateral extensive persistent pupillary
membranes. J Pediatr Ophthalmol Strabismus. 2007;44(1):57–8. https://doi.
org/10.3928/01913913-20070101-12.

4. Hung CW, Licina L, Abramson DH, Arslan-Carlon V. Anesthetic complications
during general anesthesia without intravenous access in pediatric
ophthalmologic clinic: assessment of 5216 cases. Minerva Anestesiol. 2017;
83(7):712–9. https://doi.org/10.23736/S0375-9393.17.11565-8.

5. Agarwal V, Mitra A, Choudhury S, Sar S, Chaudhury D. Spontaneous
unilateral hyphema from a strand of persistent pupillary membrane. Indian J
Ophthalmol. 2020;68(6):1158–9.

6. Lee SM, Yu YS. Outcome of hyperplastic persistent pupillary membrane. J
Pediatr Ophthalmol Strabismus. 2004;41(3):163–71. https://doi.org/10.3928/
0191-3913-20040501-09.

7. Hu H, Yang M, Du B, Fang M, Liu X, Wang J. Evaluation of Corneal Curvature
and Astigmatism in Patients with Persistent Pupillary Membrane by Partial
Coherence Interferometry Measurements. Ophthalmic Res. 2020;63(3):314–9.
https://doi.org/10.1159/000503072.

8. Chang M, Ancona-Lezama D, Shields CL. Vascular perfusion in persistent
pupillary membrane of the iris. Indian J Ophthalmol. 2019;67(10):1704–5.
https://doi.org/10.4103/ijo.IJO_311_19.

9. Ramappa M, Murthy SI, Chaurasia S, Singhla R, Rathi VM, Vemuganti GK,
et al. Lens-preserving excision of congenital hyperplastic pupillary
membranes with clinicopathological correlation. J AAPOS. 2012;16(2):201–3.
https://doi.org/10.1016/j.jaapos.2011.12.152.

10. Cibis GW, Walton DS. Congenital pupillary-iris-lens membrane with
goniodysgenesis. J AAPOS. 2004;8(4):378–83. https://doi.org/10.1016/j.jaa
pos.2004.04.010.

11. Lambert SR, Amaya L, Taylor D. Congenital idiopathic microcoria. Am J
Ophthalmol. 1988;106(5):590–4. https://doi.org/10.1016/0002-9394
(88)90592-2.

12. Miller SD, Judisch GF. Persistent pupillary membrane: successful medical
management. Arch Ophthalmol. 1979;97(10):1911–3. https://doi.org/10.1
001/archopht.1979.01020020359015.

13. Ramakrishnan R, Natchiar G, Michon J, Robin AL. Bilateral extensive
persistent pupillary membranes treated with the neodymium-YAG laser.
Arch Ophthalmol 1993;111(1):28–32, 1, DOI: https://doi.org/10.1001/a
rchopht.1993.01090010030020.

14. Kraus CL, Lueder GT. Clinical characteristics and surgical approach to visually
significant persistent pupillary membranes. J AAPOS. 2014;18(6):596–9.
https://doi.org/10.1016/j.jaapos.2014.09.005.

15. Lee HJ, Kim JH, Kim SJ, Yu YS. Long-term Lens complications following
removal of persistent pupillary membrane. Korean J Ophthalmol. 2018;32(2):
103–7. https://doi.org/10.3341/kjo.2017.0069.

16. Viswanathan D, Padmanabhan P, Johri A. Hyperplastic persistent papillary
membranes with congenital corneal anomalies. J Cataract Refract Surg.
2007;33(6):1123–6. https://doi.org/10.1016/j.jcrs.2007.02.027.

17. Khatib N, Tsumi E, Baidousi A, Nussinovitch H, Bilenko N, Lifshitz T, et al.
Infantile cataract: comparison of two surgical approaches. Can J
Ophthalmol. 2017;52(5):527–32. https://doi.org/10.1016/j.jcjo.2017.02.023.

18. Vervloed MP, Janssen N, Knoors H. Visual Rehabilitation of Children With
Visual Impairments. J Dev Behav Pediatr. 2006;27(6):493–506. https://doi.
org/10.1097/00004703-200612000-00008.

19. Koo EB, Gilbert AL, VanderVeen DK. Treatment of amblyopia and amblyopia
risk factors based on current evidence. Semin Ophthalmol. 2017;32(1):1–7.
https://doi.org/10.1080/08820538.2016.1228408.

20. Salomão SR, Ventura DF. Large sample population age norms for visual
acuities obtained with Vistech-teller acuity cards. Invest Ophthalmol Vis Sci.
1995;36(3):657–70.

21. Reynolds JD, Hiles DA, Johnson BL, Biglan AW. Hyperplastic persistent
pupillary membrane: surgical management. J Pediatr Ophthalmol
Strabismus. 1983;20(4):149–52. https://doi.org/10.3928/0191-3913-1983
0701-06.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Huang and Lin BMC Ophthalmology          (2021) 21:232 Page 7 of 7

https://doi.org/10.1016/j.jaapos.2005.05.008
https://doi.org/10.1016/j.jaapos.2005.05.008
https://doi.org/10.3928/01913913-20070101-12
https://doi.org/10.3928/01913913-20070101-12
https://doi.org/10.23736/S0375-9393.17.11565-8
https://doi.org/10.3928/0191-3913-20040501-09
https://doi.org/10.3928/0191-3913-20040501-09
https://doi.org/10.1159/000503072
https://doi.org/10.4103/ijo.IJO_311_19
https://doi.org/10.1016/j.jaapos.2011.12.152
https://doi.org/10.1016/j.jaapos.2004.04.010
https://doi.org/10.1016/j.jaapos.2004.04.010
https://doi.org/10.1016/0002-9394(88)90592-2
https://doi.org/10.1016/0002-9394(88)90592-2
https://doi.org/10.1001/archopht.1979.01020020359015
https://doi.org/10.1001/archopht.1979.01020020359015
https://doi.org/10.1001/archopht.1993.01090010030020
https://doi.org/10.1001/archopht.1993.01090010030020
https://doi.org/10.1016/j.jaapos.2014.09.005
https://doi.org/10.3341/kjo.2017.0069
https://doi.org/10.1016/j.jcrs.2007.02.027
https://doi.org/10.1016/j.jcjo.2017.02.023
https://doi.org/10.1097/00004703-200612000-00008
https://doi.org/10.1097/00004703-200612000-00008
https://doi.org/10.1080/08820538.2016.1228408
https://doi.org/10.3928/0191-3913-19830701-06
https://doi.org/10.3928/0191-3913-19830701-06

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Ethical approval
	Study population
	Study procedure
	Surgical technique
	Visual rehabilitation programs
	Assessment of clinical outcome

	Results
	Demographic and clinical characteristics of patients
	Postoperative clinical status during follow-up

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Consent for publication
	Competing interests
	References
	Publisher’s Note

