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Abstract
The aim of this study was to investigate the histopathological manifestations of congenital corneal staphyloma accompanied by
anterior segment dysgenesis and evaluate the prognosis after penetrating keratoplasty with an ultralarge button graft.
We retrospectively studied 8 pediatric patients with large congenital corneal staphylomas in the Department of Ophthalmology of

Peking University Third Hospital, China, between September 2014 and December 2018. All patients underwent penetrating
keratoplasty with ultralarge button grafts, as well as additional operations according to the abnormality of each eye. Pathological
investigations of all samples obtained during penetrating keratoplasty were performed with hematoxylin and eosin staining.
The main clinical characteristic of congenital corneal staphyloma was an extremely opaque and ectatic cornea. Histopathological

examination showed abnormal corneal epithelia and stroma and an absence of Bowman membrane, Descemet membrane, and the
endothelium. Different severities of anterior segment dysgenesis, presenting as various histopathological manifestations, were
observed in all cases. Several postoperative complications occurred after penetrating keratoplasty in some of the patients; however,
the complications were discovered and treated accordingly in a timely manner. Six patients achieved good visual outcomes and a
satisfactory cosmetic appearance after penetrating keratoplasty. One patient eventually lost the transparency of the button because
of corneal neovascularization, and 1 patient lost visual function because of retinal detachment.
Congenital corneal staphyloma combined with anterior segment dysgenesis can exhibit various manifestations on

histopathological examination. Penetrating keratoplasty with an ultralarge button graft seems to be a suitable treatment for
congenital corneal staphyloma to obtain good functional and aesthetic prognoses.

Abbreviations: AS-OCT = anterior segment optical coherence tomography, HE = hematoxylin and eosin, IOP = intraocular
pressure, PKP = penetrating keratoplasty, UBM = ultrasound biomicroscopy.

Keywords: anterior segment dysgenesis, congenital corneal staphyloma, histopathological manifestations, penetrating
keratoplasty, ultralarge button graft
1. Introduction

The protrusion of an opaque cornea at birth is a very rare
condition.[1] Previous studies have suggested that the prevalence
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of congenital corneal opacities ranges from 3/100,000 to 6/
100,000 newborns.[2] Congenital corneal staphylomas may
account for approximately 11% of congenital corneal opaci-
ties.[3] Although the incidence is rare, congenital corneal
staphyloma is a lifelong vision-threatening disease associated
with a poor visual prognosis and a seriously altered facial
appearance.[4,5]

The clinical features of congenital corneal staphyloma include
severe corneal opacification and anterior corneal protrusion. The
anterior segment of the involved eye is usually anomalous.[6]

Typical histopathological manifestations of congenital corneal
staphyloma include the absences of Bowman membrane,
Descemet membrane, and the endothelium. The iris is usually
atrophic and adherent to the posterior surface of the cornea.[1]

However, some congenital corneal staphylomas present with
anterior segment dysgenesis, which exhibits various histopatho-
logical manifestations. This combination of disorders increases
the difficulty of establishing an accurate diagnosis and early
treatment regimen. Due to the extremely rare incidence of large
congenital corneal staphylomas combined with anterior segment
dysgenesis, very few studies have illustrated the various
histopathological manifestations in detail.
Currently, there lacks a universally recognized treatment for

congenital corneal staphyloma. The fates of most eyes are
evisceration or enucleation.[1,5,7–9] However, the psychological
trauma and the physical disability caused by evisceration or
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enucleation are quite extreme.[10–12] Penetrating keratoplasty for
mild forms of congenital corneal staphyloma has been reported to
improve the functional and esthetic prognosis,[13,14] but in severe
cases, the incidence of graft failure is high.[15,16] Thus, successful
therapeutic practices and proper surgical design are of great
importance to determine an optimal treatment and enhance
prognosis.
In this study, we present the various histopathological

manifestations of large congenital corneal staphylomas combined
with anterior segment dysgenesis. We further evaluate the
prognoses after penetrating keratoplasty with ultralarge button
grafts.
2. Materials and methods

2.1. Patients

We retrospectively studied 8 pediatric patients with congenital
corneal staphylomas at Peking University Third Hospital, Peking
University Eye Center, between September 2014 and December
2018. The cohort included 6 boys and 2 girls, aged 5 months to 1
year. This investigation was approved by the Institutional Review
Board of Peking University Third Hospital, and informed consent
was obtained from the representatives of all patients.
2.2. Examination and surgery

All patients underwent basic ocular examinations including visual
acuity (if possible), intraocular pressure (IOP), exophthalmos, eye
position and eye movement evaluations. The structure of the
anterior segment was observed with a slit-lamp examination and,
when possible, ultrasound biomicroscopy (UBM) and anterior
segment optical coherence tomography (AS-OCT). The posterior
segments were evaluated by a B-type ultrasound scan. Systemic
examination and biochemistry tests were conducted to identify
other systemic diseases. All of the patients underwent penetrating
keratoplasty under general anesthesia.Additional operations, such
as iridectomy, lens extraction, anterior vitrectomy, goniosyne-
chialysis, and gonioplasty, were also conducted according to the
abnormality of each eye.
2.3. Histopathological examination

The excised corneal tissues were sent for histopathological
examination. The sections were stained with hematoxylin and
eosin (HE), and then examined by light microscopy.

2.4. Postoperative follow-up

All 8 patients received close observation and attentive nursing
care postoperatively. Antibiotics, corticosteroid, immunosup-
pressant, and artificial tears were topically used after surgery. No
systemic immunosuppressive therapy was applied. In addition,
specific therapies were conducted according to different
postoperative complications. The follow-up period ranged from
4 months to 4 years. The follow-up frequency ranged from 1
week to 6 months. Prognostic evaluations included visual acuity,
IOP, corneal state, and intraocular condition.
3. Results

Eight eyeswith congenital corneal staphylomawere retrospectively
studied (Table 1). The mean age of the patients was 7 months and
2

ranged from 5 months to 1 year. In all patients, the protruding
opaque mass on the eye was present at birth. Most of the patients
presented no systemic disease or other congenital defects, except
for 1 patient who had polydactyly of the right hand as well as a
urethral cleft. All of the patients were treated by penetrating
keratoplasty with ultralarge button grafts. The follow-up period
ranged from 4 months to 4 years (mean, 1.7 years).
3.1. Clinical observation

On ocular examination, all the patients exhibited a protruding
opaque mass on the cornea (Fig. 1). Two were skin-like, 3 were
staphylomatous, and the other 3 were leukomatous (Table 1).
The UBMandAS-OCT showed an opaque and thickened cornea.
The iris was adhered to the posterior surface of cornea (Fig. 1).
The anterior chamber depth was reduced or normal, varying by
the severity of each dysgenesis. The B-mode ultrasound scan
showed normal posterior segments.

3.2. Penetrating keratoplasty and intraoperative conditions

All patients underwent penetrating keratoplasty with an ultra-
large donor corneal/corneoscleral button. To remove the lesions
thoroughly, all masses were excised together with 1mm
peripheral normal cornea. After excising the corneal mass, the
abnormal anterior segments with varying severities were
exposed, and additional operations were conducted depending
on the abnormality in each eye (Table 1). Iridectomy was
conducted in case the iris was abnormal and tightly adhered to
the posterior surface of the cornea. If there were some remnants
of healthy iris, the normal iris was carefully separated and
preserved as much as possible. Anterior vitrectomy was
conducted in patients with severe anterior segment dysgenesis,
to avoid postoperative complications such as vitreous hernia and
intraocular hypertension. The lens was extracted if it was opaque,
degenerated, or tightly attached to the posterior surface of the
cornea. Goniosynechialysis and gonioplasty were also conducted
in some cases when necessary, according to each specific
situation.
3.3. Histopathological examination

Postoperatively, the excised tissue was sent for histopathological
examination (Fig. 2). Histopathology with HE staining revealed
abnormal corneal epithelia and stroma. Bowman membrane,
Descemet membrane, and the endothelium were absent. Anterior
segment dysgenesis was observed in all patients, but the
histopathological manifestations varied (Table 2).

3.4. Postoperative complications and prognosis

Three patients recovered well after surgery and showed no
postoperative complications. Postoperative complications oc-
curred in 5 patients but were discovered and treated in a timely
manner (Table 1). Epithelial defects occurred in 4 eyes. Two were
identified half a month after surgery, one was identified half a
year after surgery, and the other was identified 1 year after
surgery. For children with persistent epithelial defects, temporary
eyelid sutures for an average period of 3 months were conducted,
and achieved a good effect in corneal epithelial defects healing.
Eyelid sutures were only conducted at the inner and outer canthus
to reduce the exposure area; meanwhile, the sight could still pass
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Figure 1. Clinical observations of the eye with congenital corneal staphyloma before and after penetrating keratoplasty. (A) Preoperative anterior segment
photograph of congenital corneal staphyloma showed a large skin-like mass protruding between the eyelid. Growth of blood vessels could be seen on its surface
(black arrows). (B, C) Preoperative ultrasound biomicroscopy (UBM) showed an opaque and thickened cornea. The iris was adhered to the posterior surface of
cornea (white arrow). There is no significant reduction of the anterior chamber depth. (D) Postoperative UBM showed the corneal status after penetrating
keratoplasty. (E) Postoperative photograph of a child with persistent epithelial defects. Temporary eyelid sutures were conducted at the inner and outer canthus
(black arrows) to reduce the exposure area; meanwhile, the sight could still pass through the center part of the graft. (F) Preoperative photograph of patient 1 with
congenital corneal staphyloma, exhibiting an abnormal appearance. (G) Photograph of patient 1 taken 4 years after the operation, showing a satisfactory cosmetic
appearance postoperatively. (H) Postoperative anterior segment photograph showed that the graft remained clear 4 years after the operation.

Wan et al. Medicine (2020) 99:40 Medicine
through the center part of the graft (Fig. 1). The IOP of each
patient was closely monitored after the surgery. Ocular
hypertension occurred in 3 eyes. One soon returned to normal
with timely medical management and remained controlled. The
other 2 eyes developed secondary glaucoma, and glaucoma valve
implantation was performed. The IOP returned to normal after
the operation and the hypertension remained controlled. Six of
the 8 patients achieved a satisfactory cosmetic appearance and
good visual outcomes (Fig. 1). One patient lost sight in her
operated eye 6 months postoperatively because of retinal
detachment. One patient lost transparency of the button 2 years
after surgery due to corneal neovascularization.
4. Discussion

Congenital anterior staphyloma is a developmental abnormality
characterized by an opaque and protruding cornea and usually
results in a poor prognosis with low visual function.[4,17] Because
of its rarity, there are few studies on congenital anterior
staphylomas, and the understanding of this disease is still limited.
In the present study, we retrospectively studied 8 cases of
congenital corneal staphyloma, described the histopathological
features, and analyzed the prognosis after penetrating kerato-
plasty with an ultralarge button graft.
The typical clinical feature of congenital corneal staphyloma is

a severely opaque and protruding cornea.[8] In our study, the 8
eyes all fit the clinical features of congenital corneal staphyloma.
Three were typically staphyloma-like, and the others had an
atypical leukomatous or skin-like appearance. Microscopically,
the histopathological characteristics of congenital corneal staph-
ylomas include corneal ectasia, with remnants of an atrophic iris
adhered to its posterior surface. The epithelium is intact but may
show keratinization secondary to exposure.[13] The corneal
stroma is disorganized, vascularized, and hypercellular.[18]

Bowman membrane, Descemet membrane, and the endothelium
are usually absent.[15] Similar corneal histopathological features
were found in our cases, but the manifestations of anterior
segment dysgenesis varied. The severity of iris dysplasia, the
4

degree of lens involvement, the anterior chamber depth, and the
existence of other ocular abnormalities varied among patients.
The pathogenesis of congenital corneal staphyloma may partly
explain this phenomenon. Congenital corneal staphyloma is
presumed to be caused by the failure of the normal migration of
neural crest cells.[18] During the fifth to sixth week of gestation,
separation of the lens vesicle and basement membrane of the
surface ectoderm occurs, followed by 3 successive developmental
stages. The first stage gives rise to the corneal endothelium and
trabecular meshwork, the second stage gives rise to the corneal
keratinocytes and corneal stroma, and the third stage produces
the iris.[3] The arrest of any of these developmental stages will
induce anterior segment dysgenesis, and arrest of different
developmental stages will lead to various manifestations.
In this study, all 8 patients accepted penetrating keratoplasty

with ultralarge button grafts. Six patients achieved a satisfactory
cosmetic appearance and good visual outcomes. Here, we
recommend penetrating keratoplasty as an early treatment for
congenital corneal staphyloma. Delayed intervention may result
in dramatic growth of the abnormal tissue, abnormal ocular
development, or even spontaneous phthisis bulbi.[5] In addition,
the corneal opacity may influence the normal development of
vision and lead to amblyopia.[19] As for the surgical procedures of
penetrating keratoplasty, we thought there were several tips
crucial for the postoperative prognosis of this disease. First, the
lesions should be removed thoroughly. We resected the masses
together with a little peripheral normal cornea to ensure the
effect. Moreover, for the cases with severe anterior segment
dysgenesis, thorough anterior vitrectomy is important to avoid
postoperative complications such as vitreous hernia and
intraocular hypertension. The abnormal iris should be excised;
meanwhile, the healthy remnants should be preserved as much as
possible. Complete separation of the anterior chamber angle is
also important.
Several postoperative complications occurred in our patients,

similar to previous reports.[13,20] One complication was ocular
hypertension, which is considered to be a common clinical
occurrence after penetrating keratoplasty.[21,22] Several factors



Figure 2. Histopathological manifestations of congenital corneal staphyloma (HE staining). (A) The whole cornea scanning image of the staphyloma. The corneal
tissue was thickened and had a rough surface. (B, C) The corneal stroma was thickened and presented connective tissue-like changes. The dysplastic iris adhered
to the posterior surface of the cornea (black arrows). Irregular collagen fibrils, fibroblast-like cells, and various blood vessels (red arrows) were observed. (D) The
corneal epitheliumwas hyperplastic, with squamousmetaplasia (blue arrows). Bowmanmembrane was absent. (E) The dysplastic lens tissue was embedded in the
cornea (purple arrow). Descemet membrane and the endothelium were absent.

Wan et al. Medicine (2020) 99:40 www.md-journal.com
were considered contributing factors to postoperative ocular
hypertension in our cases, such as severe congenital anterior
segment dysgenesis, additional surgeries combined with pene-
trating keratoplasty, surgical injuries to the anterior chamber
angle when excising abnormal tissues and postoperative
inflammation. Another postoperative complication was corneal
5

epithelial defects, which was also frequently occur in the donor
cornea after penetrating keratoplasty.[23] Contributing factors
for postoperative epithelial defects are considered to be ocular
surface disorders, exposure secondary to eyelid abnormality,
ocular cicatrizing disorders and limbal stem cell deficiency.[24]

Because most of our patients underwent penetrating keratoplasty

http://www.md-journal.com


Table 2

Histopathological Manifestations of Congenital Corneal Staphylomas in the 8 Eyes.

Cornea

No. Epithelium
Bowman
membrane Stroma

Descemet
membrane Endothelium Anterior segment

Common
features

Thickened epithelium with a
rough surface, corneal
epithelial cell hyperplasia

Absent Thickened stroma with irregular
arranged collagen fibers of
different sizes, corneal stromal
cell hyperplasia

Absent Absent The iris was dysplastic and
adhered to the posterior
surface of the cornea; the
lens was dysplastic or normal

Special
features

1 Slight hyperplasia Numerous blood vessels The iris pigment epithelium had
uneven thickness; lobulated
adipose tissue and thick-
walled blood vessels grew into
the corneal limbus zone near
the ciliary body; the muscle
fibers of the ciliary body were
arranged irregularly

2 Squamous metaplasia Abundant capillaries between
corneal epithelium and
anterior stroma

The iris pigment epithelium was
absent, and only a small
number of pigment cells could
be found; irregular smooth
muscles, thickened fibers and
various blood vessels were
found in the iris; the lens was
dysplastic and adhered to the
posterior surface of the iris

3 Squamous metaplasia Fusiform fibroblast-like cell
hyperplasia and various blood
vessels

Melanocytes and muscle fibers
were found in the central area
of the iris; the cortical fibers
of the lens were denatured

4 Epidermoid hyperplasia, with
localized microvilli-like
protrusions

Numerous blood vessels, hair
follicles, eccrine glands and
focal mature adipose tissue

The iris was dysplastic and lost
its normal structure;
fibrovascular tissue of various
sizes and shapes was
connected to the posterior
surface of cornea; irregular
collagen fibers and various
blood vessels were found
within the fibrovascular tissue;
the lens and the anterior
chamber angle were both
abnormal

5 Epidermoid hyperplasia Fusiform fibroblast-like cell
hyperplasia and various blood
vessels

The iris pigment epithelium was
absent, and only a small
number of pigment cells and
iritis sphincters could be
found; the lens capsule was
separated from cortex; the
cortical fibers of the lens were
denatured

6 Squamous metaplasia Fusiform fibroblast-like cell
hyperplasia and numerous
capillaries

The lens was dysplastic and
embedded in the corneal and
iris tissues

7 Squamous metaplasia, with
localized keratin formation

Fusiform fibroblast-like cell
hyperplasia and various blood
vessels

/

8 Epidermoid hyperplasia Blood vessels, focal degenerative
lens tissue in deep region

/

Wan et al. Medicine (2020) 99:40 Medicine
with ultralarge button grafts to replace the diffusely diseased
corneas, little or no host endothelial cells were preserved after
surgery. The deficiency of limbal stem cells was considered the
main contributing factor for postoperative epithelial defects in
our cases. Additionally, one patient lost visual function because
6

of retinal detachment three months postoperatively. This patient
had the most severe degree of ocular dysgenesis among the 8
cases; no normal corneal tissue, corneal limbus tissue, iris tissue
or lens tissue was found in this eye. Severe dysgenesis and
complicated surgical procedures were considered contributing
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factors for her retinal detachment.[25,26] Moreover, atypical
hyperplasia was found in this eye after surgery, and this might
also have contributed to the eye dysfunction.
Due to special ocular features and amore active immune system,

penetrating keratoplasty in children has a higher graft failure
rate than penetrating keratoplasty in adults.[27–29] It has been
reported that graft survival in children under 5 years old is<40%
at 16 years postoperatively.[30] In addition to age, congenital
structural abnormalities of the anterior segments also markedly
reduce the visual outcome after corneal transplantation.[19,31]

Moreover, additional noncorneal surgical procedures, such as
lensectomy and vitrectomy, at the time of penetrating keratoplasty
are associated with graft failure in children.[30,32] In addition, the
use of ultralarge button grafts for penetrating keratoplasty
increased the risk for graft failure. It has been reported that a
large donor cornea increases the risk of graft rejection since there is
a higher number of dendritic Langerhans cells in the limbal region
of the cornea than in the center. Furthermore, a large donor cornea
is positioned relatively close to the limbal region and is therefore
exposed to the antigen/antibody influences of the limbal
vasculature.[33]

In brief, our 8 cases of congenital corneal staphyloma combined
with anterior segment dysgenesis exhibited various histopatholog-
ical manifestations. These histopathological findings may provide
clues for the recognition of this disease and help to enhance the
understanding of rare abnormalities. Although the risk of
postoperative complications is high in young children and severe
cases, satisfactory outcomeswere obtained inmost of our cases after
penetrating keratoplasty with an ultralarge button graft. Therefore,
early surgical treatment is still recommended as a priority option to
obtainbetterdevelopmentof theorbit andvision.Forpatientswhose
limbal stem cells are diffusely affected, the difficulty in corneal
epithelial regeneration after transplantation is still a notable
problem. Concurrent surgical procedures at the time of penetrating
keratoplasty had adetrimental effect on graft survival, but theywere
necessary and ineluctable for patients who had multiple ocular
abnormalities. A better understanding and management of these
factors may improve the prognosis in the future.
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