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Congenital central hypoventilation syndrome (CCHS) is a
rare life-threatening genetic disorder characterized by inad-
equate central respiratory responses to hypercarbia (CO2)
and/or hypoxemia (Hþ) particularly during sleep with or
without broad spectrum of autonomic nervous system (ANS)
dysregulations.1,2 CCHS is caused bymutations of paired-like
homeobox 2b (PHOX2B) gene at chromosome 4p13.3,4

PHOX2B gene is a transcription factor that involves in em-
bryogenesis of neural crest cells and development of ANS.5

ANS controls multiple organ functions such as breathing,

heart rate, blood pressure, body temperature, hormonal
regulation, digestive function and pupillary reactivity. Few
reports indicated that ocular abnormalities in CCHS individ-
uals were discovered as a late-onset miosis, poor light
reactivity, anisocoria, ptosis and tonic pupil.6,7 There are
limited literatures on newborn onset ocular abnormalities in
CCHS individuals.8,9 Pupillary size, shape, and light reactivity
are controlled by tonic interaction between sympathetic and
parasympathetic ANS. In this report, we presented a CCHS
newborn with mild mydriasis oval-shaped pupils.
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Abstract Wepresent a neonate with early onset apnea and bradycardia in the absence of primary
cardiorespiratory and central nervous system disorders that eventually required
chronic ventilator support starting at 6 hours of life. Molecular testing of paired-like
homeobox 2b (PHOX2B) gene mutation confirmed the diagnosis of congenital central
hypoventilation syndrome (CCHS). CCHS is a rare genetic disorder characterized by
impaired central respiratory control with or without broad spectrum of autonomic
nervous system (ANS) dysregulations. Ocular ANS dysregulation is a rare finding in
CCHS individuals, and it is usually discovered later in life. However, the ophthalmic
evaluation of this neonate on first day of life revealed persistent mild dilated oval pupils
with limited light reactivity.
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Case Presentation

A 36.1 weeks gestational age black female was delivered via
emergent Cesarean-section due to non-reassuring fetal heart
tone with Apgar scores of 7 and 9 at 1 and 5minutes,
respectively.Mother is a Gravida 1 Para 1, with good prenatal
care and normal 3rd trimester prenatal laboratories, except
for group B Streptococcus (GBS), which she received adequate
intrapartum prophylactic antibiotic. Both parents were
healthy 20 years old, non-consanguineous with no signifi-
cant family medical history.

Infant was transferred to neonatal intensive care unit due
to frequent apneic-bradycardic episodes that eventually
required intubation with ventilator support at 6 hours of
life. Septic work-up for bacterial infection was negative. The
admission ophthalmic examination revealed abnormal-
shaped pupils. Subsequently, the child developed abdominal
distention with emesis and no bowel movement for over
48 hours which prompted an evaluation for intestinal ob-
struction. Eventually exploratory surgery confirmed the
diagnosis of Hirschsprung’s disease (HD).

The child continued to require ventilator support post-
surgery with multiple failed extubations which necessitat-
ed an investigation for CCHS. Her PHOX2B gene sequence
analysis confirmed heterozygous for 33 polyalanine
repeat mutations (PRAM 20/33) in PHOX2B gene at exon
3 which suggested a severe form of CCHS. Molecular testing
of PHOX2B gene mutation on both parents was negative.
Chromosomal Microarray Analysis, Echocardiogram, elec-
trocardiogram, head ultrasound, electroencephalogram,
complete abdominal ultrasound, liver function test,
thyroid function test, plasma-urine catecholamines, and
complete blood counts/differentials/platelets counts were
all reported as normal. Newborn screen was abnormal for
sickle cell trait which was confirmed by hemoglobin
electrophoresis.

Eye examination on the first day of life revealed abnor-
mally “egg-shaped” pupils (horizontal oval-shaped pupil on
right eye, vertical oval-shaped pupil on left eye) and
limited pupillary reactivity to light on both eyes. Dilated
fundoscopic eye evaluation at 1 week and again at 4 months
of age showed abnormal findings that included mild dilat-
ed (� 4mm) horizontal oval-shaped right pupil, mild
dilated (� 4mm) vertical oval-shaped left pupil, bilateral
smooth iris surface with limited crypts, bilateral prominent
iris collarette, and bilateral limited pupillary light reac-
tivity with absent tonic pupil test to Pilocarpine 0.0625
and 0.125% (►Fig. 1A–C). Optic nerve, macula, sclera,
cornea, lens, and conjunctiva appeared normal. Intraocular
pressure and convergence exam were normal without
nystagmus.

She was discharged home at 15 months of age with
palliative care service, on 24hours home ventilator, partial
gastrostomy feeding, and partial parenteral nutrition sup-
port. She was readmitted to hospital multiple times for
differentmedical issues andfinally passed awayat 22months
of age due to respiratory arrest at home. Autopsy was denied
by the parents.

Discussion

Congenital Central Hypoventilation Syndrome
CCHS is a rare genetic syndrome with incidence rate of 1 in
148,000 to 200,000 live births.10,11 The disease was first
described in an infant by Mellins et al12 in 1970 as “Ondine’s
curse” which was a unique respiratory control dysfunction
with arrested breathing during sleep. In 1999, Pattyn et al5

described the role of PHOX2B gene in embryonic develop-
ment of ANS fromneural crest cell derivatives. In 2003, Amiel
et al3 andWeese-Mayer et al4 independently, discovered the
association of inherited or mutations of PHOX2B gene at
chromosome 4p13 in CCHS cases. CCHS disease-defining
PHOX2B gene mutation is inherited in an autosomal domi-
nant pattern with variable penetrance.1,2,13 Mutation can
occur via de-novo mutation (90%) or germline mosaicism
with/without somatic mosaicism (10%).14,15

Clinical Symptoms of CCHS
The cardinal symptom of CCHS is an inadequate autonomic
central control of breathing in response to hypercarbia (CO2)
or hypoxia (Hþ) particularly during non-rapid eyemovement
(non-REM) sleep, stress, illness or CNS (central nervous
system) depressant medication, and in a severe type during
awake in individuals without primary cardiorespiratory,
neuromuscular, brain or metabolic pathology.1,2,13,15 Addi-
tionally, broad spectrum of multiorgan ANS dysregulation
signs or symptoms have been reported in CCHS individuals,
such as: (1) Cardiovascular symptoms: sinus pause for more
than 3 seconds, syncope, bradycardia, altered blood pres-
sure; (2) Digestive symptoms: esophageal dysmotility, con-
stipation, HD; (3) Endocrine or metabolic symptoms:
hypoglycemia, hyperglycemia, thyroid disease, hyperinsuli-
nemia; (4) Sudomotor symptoms: altered thermoregulation,
profuse sweating; (5) CNS symptoms: decrease pain or
anxiety perception, seizure, neural crest tumors; (6) Ocular

Fig. 1 (A) Righteye: mild dilated (� 4mm) horizontal oval-shaped
right pupil, with prominent collarette, and smooth iris surface with
limited crypts. (B) Left eye: mild dilated (� 4mm) vertical oval-shaped
left pupil, with prominent collarette, and smooth iris surface with
limited crypts. (C) Bilateral eyes: mild dilated (� 4mm) horizontal
oval-shaped right pupil, mild dilated (� 4mm) vertical oval-shaped
right pupil, with bilateral prominent collarette, and bilateral smooth
iris surface with limited crypts.
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symptoms: various pupillary abnormalities.1,2,11,13,15 Clini-
cal symptoms of CCHS can be presented as (1) neonatal
onset; (2) late-onset during childhood or adulthood.1,2,16,17

Diagnosis of CCHS
Confirmatory diagnosis in an individual with clinical symp-
toms requires a molecular genetic test for PHOX2B gene
mutation. Currently, there are threemolecular testingmeth-
ods to detect PHOX2B gene mutations1,2,18: (1) PHOX2B gene
targeted mutation analysis (fragment length analysis)
detects all polyalanine repeat mutations (PARM), most
non-polyalanine repeat mutations (NPARM), and low-level
mosaicism; (2) PHOX2B sequencing test detects all PARM and
NPARM cases but unable to detect low-level mosaicism; and
(3) PHOX2B gene deletion/duplication analysis for less than
1% variants that could be missed by other tests. Targeted
mutation analysis or sequencing test is the preferred initial
test in a suspected individual. A combination of all molecular
tests needs to be completed if one molecular test is negative
in a highly suspicious clinical case.2,18 Also, parents of CCHS
individual need molecular genetic testing for genetic
counseling. Germline mutation mosaicism can only be
detected on prenatal genetic testing or from sibling of
proband.2,14

PHOX2B Gene Mutation Variants
There are twomajor PHOX2B genemutationvariants found in
majority of CCHS individuals15,19,20: (1) Heterozygous in-
frame PARM at exon 3 of PHOX2B gene (� 90% of cases).
Normal individuals have 20 alanine repeats on each allele,
defined as 20/20, whereas CCHS individuals have 24 to 33
alanine repeats on the affected allele producing genotypes
PARM20/24 - 20/33with PARM20/25 - 20/27 being themost
common genotypes. (2) Heterozygous NPARM at exon 1, 2, or
3 of PHOX2B gene include missense, nonsense, stop codon,
splice intron, and frameshift mutations (� 10% of
cases).1–3,21 In addition, CCHS-like symptoms have been
identified in mutations of PHOX2B gene co-activator or co-
expression genes during the development of neural crest
cells.22

CCHS Phenotypic–Genotypic Correlations
Severity of CCHS phenotype correlates closely to the type of
genotypic mutations of the PHOX2B gene.10,11,13,19,20 Clini-
cal symptoms of CCHS can vary in their disease onset and
severity.2,10,11 Facial dysmorphism has been reported as
broad-flat-rectangular face which resembled “box-like ap-
pearance,”23 though we did not notice this facial character-
istic in our case. Individuals with shorter PARM, 20/24 -
20/25, have mild phenotypic features with milder symp-
toms, late-onset presentation, symptomatic during stress
event, symptomatic during exposure to anesthesia (sedative)
medication or may not reach threshold for clinical disease
presentation.16,17 Individuals with PARM 20/27 - 20/33 are
generally symptomatic at birth and require chronic ventila-
tor support.13 NPARM and PARM 20/31 - 20/33 genotypes
tend to correlate with more severe clinical condition, espe-
cially more severe respiratory symptoms and more likely to

be associated with HD, neural crest tumors or spectrum of
ANS dysfunctions.11,24 The PHOX2B gene sequencing test in
this case was positive for PARM 20/33 which was considered
as a more severe form. Nevertheless, both PARM and NPARM
mutations can have variable expressivity and incomplete
penetrance thatmay be presented as asymptomatic or subtle
symptoms or late-onset cases.1,4,10

Ocular Abnormalities Associated with CCHS
ANS involves in regulating numerous ocular functions. Ocu-
lar disorders in CCHS can be categorized into two major
types1: (1) Intrinsic ocular denervation: pupil and iris ab-
normalities (more common); (2) Extrinsic ocular denerva-
tion: ocular motility and extraocular muscle dysfunctions. In
CCHS, the severity of ocular abnormalities correlates with
type of PHOX2B gene mutations.7 Ophthalmic symptoms in
CCHS are commonly present as poor pupillary light reactivi-
ty, miosis, convergence insufficiency, anisocoria, tonic pupil,
and strabismus.6,7,25 Majority of CCHS pupillary abnormali-
ties were discovered during childhood or adulthood.6,7,25

Our patient had mild bilateral mydriasis (dilated) pupils
that was detected on first day of life and persisted through-
out. Only three cases of mydriasis tonic pupils were reported
during neonatal period.8,9 However, our patient did not
respond to tonic pupil test (Pilocarpine 0.0625 and 0.125%)
at 1 week and again at 4 months of age. Other interesting
finding in our patient was the oval-shaped pupils (horizontal
on right pupil and vertical on left pupil) (►Fig. 1A–C). There
was only one reported case of a CCHS adult with horizontal
oval-shaped pupil in one eye.25

Pupillary size and reactivity are controlled by tonic inter-
action between sympathetic and parasympathetic nervous
system.26,27 Sympathetic nervous system stimulates pupil
dilatation, and parasympathetic nervous system stimulates
pupil constriction.28 Constricted pupils with limited light
response were more commonly reported in CCHS cases.6,7

Constricted pupils are most likely caused by defect in sym-
pathetic superior cervical ganglion or ocular sympathetic
pathway.28,29 Our patient had dilated pupils with limited
responses to light. Poor light reactivity is most likely caused
by defect involving parasympathetic ciliary ganglion or
ocular parasympathetic pathway.26,27,29 Severe atrophied
parasympathetic ciliary ganglion with dilated pupil was
found in mice with mutant or reduce PHOX2B expression.21

Our patient had near smooth iris surface with limited
crypts and prominent iris collarette (►Fig. 1A–B). Smooth
iris surface with absent crypts was mentioned in few CCHS
patients.6,25 Boulanger-Scemama et al25 reported bilateral
mydriasis with unilateral oval-shaped pupil and lack of iris
crypts in one adult CCHS case. Embryologically, iris arises
from ectodermal neural crest cells. Iris collarette is an area
where iris sphinctermuscle and iris dilatormuscle overlap. It
is typically a flat circumferential border. A prominent iris
collarette is considered a normal variant.30 Iris crypts are
formed during approximately 3rd to 6th month of gestation
from stroma and anterior border layer cells.31 Atrophy or
frequency of iris crypts has strong genetic-based correla-
tion.31,32 Iris crypts become more prominent when pupil
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dilate. An oval-shaped pupil is affected by loss of segmental
contraction of pupillary dilator (iris dilator) or segmental
relaxation of pupillary constrictor (iris sphincter).28,33 Loss
of segmental iris dilator and/or iris sphincter function can be
a result of partial damage to the preganglionic parasympa-
thetic pupillary fibers.34 The presence of oval-shaped pupil
usually is a clinical sign of acutemidbrain neurological deficit
(hemorrhage or infarct), increased intracranial pressure or
acute glaucoma.35 Our patient head ultrasound, brain-MRI
and ophthalmic exam did not show any of these signs.

Conclusion

Pupillary abnormalities are rare findings in CCHS patients
and are mostly detected later in life. However, the pupillary
abnormalities in this case were discovered on first day of life
and remained persistently abnormal. Early recognition of
pupillary abnormalities in a newbornwith early onset apnea
in the absence of primary cardiorespiratory and CNS disor-
ders will aid in expediting the diagnosis of CCHS.

Informed Consent
The case report study, which included the photographs
(ophthalmology pictures) have received an IRB approval
from the University of Tennessee Health Science Center
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form signed by patient’s parent or legal guardian for the
purpose of medical literature publication and education.
Patient’s personal information was de-identified in the
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