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The rare Axenfeld–Rieger syndrome with
systemic anomalies
A case report and brief review of literature
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Abstract
Rationale: Axenfeld–Rieger syndrome (ARS) is a rare autosomal dominant disorder with ocular anterior segment dysgenesis and
systemic anomalies.

Patientconcerns:A 28-year-old Chinese Han female was referred to Beijing Tongren Eye Center for progressive decrease of the
visual acuity on her right eye in the past month.

Diagnoses: The patient was diagnosed as ARS with retinal detachment based on series of ophthalmic examinations performed.

Interventions: A pars plana vitrectomy was performed to manage the retinal detachment.

Outcomes: Her best-corrected visual acuity was slightly improved after surgery.

Lessons: ARS is a developmental defect of ocular anterior segment with various clinical manifestations which might cause
misdiagnosis.

Abbreviations: ARS = Axenfeld–Rieger syndrome, BCVA= best-corrected visual acuity, FOXC1 = forkhead box C1, IOP =
intraocular pressure, PITX2 = pituitary homeobox 2.
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1. Introduction

Axenfeld–Rieger syndrome (ARS) is a rare autosomal dominant
disorder with an incidence of 1:200,000 worldwide. It has both
systemic and ocular anterior segment dysgenesis.[1] The ocular
manifestations include featured posterior embryotoxon, changes
in iris and anterior angle. Developmental anomalies of anterior
angle cause increase of outflow resistance and ocular hypertension
in nearly 50% of the cases.[1] The characteristic craniofacial signs
like maxillary hypoplasia, dental features including hypodontia,
oligodontia and microdontia, and umbilical anomalies were also
reported in ARS patients.[2] It has been widely accepted that
mutations in genes forkhead box C1 (FOXC1, chromosomes
Editor: Marcella Nebbioso.

The authors have no funding and conflicts of interest to disclose.
a Department of Ophthalmology, Jiaxing Traditional Chinese Medicine Hospital
Affiliated to Zhejiang Chinese Medical University, Jiaxing, Zhejiang Province,
b Beijing Tongren Eye Center, Beijing Tongren Hospital, Capital Medical
University, Dongcheng District, Beijing, China.
∗
Correspondence: Wei Song, Department of Ophthalmology, Jiaxing Traditional

Chinese Medicine Hospital Affiliated to Zhejiang Chinese Medical University,
Zhongshan East Road 1501, Nanhu District, Jiaxing 314000, Zhejiang, China
(e-mail: wsongzj@163.com); Xiaodan Hu, Beijing Tongren Eye Center, Beijing
Tongren Hospital, Capital Medical University, No.1 Dong Jiao Min Xiang,
Dongcheng District, Beijing 100730, China (e-mail: huxiaodan912@163.com).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Medicine (2017) 96:33(e7791)

Received: 8 May 2017 / Received in final form: 14 July 2017 / Accepted: 22 July
2017

http://dx.doi.org/10.1097/MD.0000000000007791

1

6p25) and pituitary homeobox 2 (PITX2, chromosomes 4q25)
encoding transcription factors may lead to ARS.[3] Another locus
chromosome 13q14 was also related to ARS but its function has
not been identified yet.[4] Till now, there have been only a very few
cases reported the clinical features of ARS in Chinese Han
population.[5–7] In the present case, we aimed to report a Chinese
female ARS patient with retinal detachment. A brief review of
literature on this disease will also be provided.
2. Case presentation

A 28-year-old Chinese Han female (weight: 53kg, height: 169
cm) was referred to Beijing Tongren Eye Center on December 7,
2016. Her visual acuity of right eye progressively decreased in the
past month. She did not receive any medications that were
harmful to eyes before the reduction of visual acuity. The present
study was approved by the Institutional Review Board for the
Protection of Human Subjects of Beijing Tongren Hospital and
adhered to the tenets of the Declaration of Helsinki. An informed
consent was obtained from the patients.
A comprehensive ophthalmic examination was performed. The

best-corrected visual acuity (BCVA)washandmotion (HM)/20cm
(OD) and 0.50 (OS) (LogMAR chart), while the intraocular
pressure (IOP) was 10mmHg (OD) and 20mmHg (OS) (Gold-
mann applanation tonometry, Suzhou City, Jiangsu Province,
China), respectively. The slit-lamp microscope examination of
right anterior segment showed corneal edema with characteristic
corneal posterior embryotoxon (Fig. 1A). The diameters of
bilateral cornea were within the normal range (Fig. 1). The
corneal endothelium count of both eyes by corneal specular
microscopy (Robo SP-8000,KonanMedical,Nishinomiya, Japan)
indicated almost no normal-shaped corneal endothelial cells
existed (Fig. 2). The iris changes included stromal hypoplasia with
irregular-shaped pupils (Fig. 1). Gonioscopy suggested an
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Figure 2. Corneal specular microscopy of bilateral eyes performed in the patient. There were almost no normal-shaped corneal endothelium present and the
corneal endothelium count of both eyes was 0cells/mm2.

Figure 1. Ocular traits of the recruited patient. Biomicroscopic photograph of the anterior segment showed that corneal edema with characteristic corneal
posterior embryotoxon and iris changes of stromal hypoplasia with irregular-shaped pupils of her right eye (A upper). The traits of the left anterior segment included
stromal hypoplasia and irregular-shaped pupil (B upper). The fundus photography of bilateral eyes was not clear because of corneal edema and cataract (A, B
lower).
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Figure 3. The systemic traits of the reported patient. There were midface hypoplasia, hypertelorism, and telecanthus present in this patient (A). She had a history of
dental abnormalities of hypodontia of the maxillary anterior teeth in both primary and permanent dentition and received orthodontic treatment at 15-year-old (B).
Other physical examinations showed redundant periumbilical skin (C).
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iridocorneal adhesion of the anterior angle on her right eye at all 4
quadrants. The retinal photography of the both eyes was available
as corneal edema and cataract (Fig. 1). The B scan indicated retinal
detachment on her right eye.
The patient had a history of dental abnormalities of

hypodontia of the maxillary anterior teeth in both primary
and permanent dentition. She received orthodontic treatment at
15-year-old (Fig. 3B). We identified craniofacial anomalies,
including midface hypoplasia, hypertelorism, and telecanthus
(Fig. 3A). Other systemic examinations showed redundant
periumbilical skin (Fig. 3C). Diagnosis of ARS was made based
on characteristic ocular and systemic signs above. The patient
received a pars plana vitrectomy for the retinal detachment on her
right eye in Beijing Tongren Eye Center on February 6, 2017. One
week later, she had BCVA recovered to HM/50cm and IOP
lowered to 12mmHg. Therefore, further treatment for IOP was
not necessary for her.
We also studied her family history. Her father had glaucoma

on the both eyes and retinal detachment on his right eye. There
was no anterior segment anomaly present recorded, and no
anomalies in the periumbilical skin, either. However, he had
hypodontia of the maxillary anterior teeth in both primary and
permanent dentition, which was similar to his elder daughter.
This patient also had a younger sister of 5-year-old, who also
suffered from blurred vision and had developmental anomalies in
maxillary anterior teeth.
3. Discussion

ARS was first described by German ophthalmologist Theodor
Axenfeld in 1920 as featured posterior embryotoxon and
prominent iris strands extending from the peripheral iris to this
line. In 1934, Rieger described a case with changes in the iris like
3

stromal hypoplasia, polycoria, and corectopia in addition to the
same features described by Axenfeld.[8] ARS covers a spectrum
of inherited disorders and traditionally was classified into 3
subcategories: Axenfeld anomaly refers to the condition with a
prominent, anteriorly displaced Schwalbe line named posterior
embryotoxon, and prominent iris strands extending from the
peripheral iris to this line; Rieger anomaly refers to the condition
with central iris changes like stromal hypoplasia and irregular-
shaped pupils along with features mentioned in Axenfeld
anomaly; Reiger syndrome refers to the condition with Rieger
anomaly and other systemic features.[9] The diagnosis of the
patient here should be Reiger syndrome since she presented
ocular anomalies of Rieger anomaly together with systemic
anomalies. However, we could easily found that most of the ARS
cases are sharing an overlap of features within this spectrum so
that the delineation of each of these is not clear. Thus, the term
ARS has been used since 1985,[1] and Ozeki et al[10] reported
that Axenfeld anomaly accounted for 71%, Rieger anomaly
accounted for 10%, while Reiger syndrome covered 19% of all
ARS cases.
Besides of typical manifestations, other unusual ocular

anomalies have also been reported. Espana et al[11] and Parikh
et al[12] reported 2 cases with unusual presentation of detached
Schwalbe line suspended in anterior chambers, respectively. The
anterior segment structure Schwalbe line has its genesis from
neural crest cells, the impaired development of which is related to
the pathogenesis of ARS[1] may explain such clinical manifesta-
tion. Hypoplasia of extraocular muscles derived from meso-
dermal complex also appeared in ARS. Bhate and Martin[13]

reported a 6-year-old boy with hypoplasia of right inferior rectus
muscle presenting exotropia; while Park et al[14] reported another
4-year-old girl withmore posteriorly insertion of superior oblique
presenting exotropia and dissociated vertical deviation (DVD).
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Other posterior segment abnormality also appeared in ARS case
reports. In 1989, Spallone reported 3 cases of ARS in 1 family,
and among them 2 patients suffered from retinal detachment due
to proliferative vitreoretinopathy.[15] More recently, another
ARS family was presented by Kelberman et al.[16] In their study,
the most severely affected individual received vitreoretinal
surgery also because of retinal detachment due to persistent
hyperplastic primary vitreous. Interestingly, this patient in our
study also presented retinal detachment because of proliferative
vitreoretinopathy. Thus, she received vitreoretinal surgery, and
the postoperative BCVA was improved.
In addition to atypical ocular features that showed in ARS

patients, atypical systemic anomalies were also reported.
Titheradge et al[17] found 3 cases with mental deficiencies. The
authors implicated the adjacent neuronally expressed genes to
PITX2 as potentially causal. Dr Ferrer reported a 7-year-old ARS
patient that showed mild mitral insufficiency, which processed to
moderate mitral regurgitation.[18] Cardiac anomalies were also
found by Gripp et al in 2013.[19] This 21 months old patient
received valve replacement surgery because of heart failure.
Echocardiogram of the patient showed dysplastic arcade mitral,
mildly hypoplastic left ventricular outflow tract and aortic arch.
However, with carefully systemic evaluation and consultation
with other specialties, female patient did not have mental
deficiencies and problems within cardiac system. Other under-
appreciated feature like thyreoid dysfunction was also exhibited
in Reiger syndrome.[20]

Mutations in the FOXC1[21] and PITX2[22] genes were
associated with ARS in an autosomal dominant inherited manner
and accounted for approximate 40% to 70% of all cases.[23]

These 2 genes are closely related to the development of ocular
anterior segment. FOXC1 belongs to the forkhead family of
transcription factors, the biological function of which is to
regulate migration and differentiation of mesenchymal cells in
the embryogenesis.[24]FOXC1mutations include missense muta-
tions in forkhead domain, frameshift and nonsense mutations
throughout the gene, deletion of the whole gene, and
duplications.[6,25–27] In ARS, mutations in FOXC1 are related
to ocular, heart, and hearing defects.[28] PITX2 belongs to the
bicoid-class of homeodomain protein family and is able to
regulate the development of ocular anterior segment and several
extraocular tissues like heart.[29] Typically, mutations in PITX2
that are associated with ARS include splice-site mutations,
deletions of coding exons, and chromosomal transloca-
tions.[7,25,30,31] Using microarray analysis, Titheradge et al[17]

found novel overlapping microdeletions with PITX2 in 4
unrelated ARS patients. Mutations in PIXT2 appear to be
related with ocular, dental, and umbilical anomalies in ARS.[28]

In addition to FOXC1 and PITX2 genes, mutations in the
CYP1B1 gene (mapped to cytochrome P4501B1) was first
reported to lead to the occurrence of ARS in 2006,[32] which
presented clinical manifestations belonged to Reiger syn-
drome.[33,34] CYP1B1 belongs to cytochrome P450 super family
of drug metabolizing enzymes and may play roles in the
metabolism of substrates essential for ocular development.[35]

More recently, another novel heterozygous PRDM5 gene
(mapped to chromosome 4q26) missense variant has been
identified using whole exome sequencing.[36] PRDM5 protein
belongs to PRDM proteins family and is crucial for the
development and maintenance of extracellular matrix (ECM),
which may explain its involvement in the development of
ARS.[37]
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Since around 50% of ARS patients will develop glaucoma,
conventional glaucoma surgeries like trabeculectomy and
trabeculotomy are still required.[5,12] With a 20-year follow-
up, Mandal and Pehere[38] confirmed the safety and effectiveness
of the combination of trabeculotomy and trabeculectomy for
ARS children with early-onset of glaucoma. Mitomycin C
(MMC) or the newly developed Ologen Collagen matrix
reducing subconjunctival fibrosis may effectively lower IOP in
long-term.[39,40] As to the maxillary hypoplasia and dental
anomalies of ARS, specialized oral and maxillofacial surgery,
special dental care, and application of orthodontic unit may be
helpful.[41] In the present case report, the patient underwent
orthodontic surgery at 15-year-old (Fig. 3B).
There are some limitations in the present case:
(1)
 Only 1 ARS patient was presented because it is a kind of rare
autosomal dominant disorder in the ophthalmic clinic. We
are not able to reach any convincing conclusions about the
clinical features and prognosis of this disease in Chinese Han
population. More subjects should be recruited in the future.
We did not know the entire family history of the patient and
(2)

did not obtain the ocular and physical examinations from her
father and younger sister, and we did not perform gene
analysis for this family.
Although the patient received orthodontic treatment at 15-
(3)

year-old, the radiological observation should be performed so
that we could learn more about the hypodontia of the
maxillary anterior teeth.
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