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Case report

She was a baby girl born at gestation 38 weeks by

elective caesarean section for placenta praevia, with a

birth weight of 3.26 kg. She was the first baby of the

family, and the antenatal checkup was unremarkable.

Apgar scores were both 9 at 1 minute and 5 minutes,

while she exhibited shallow and irregular breathing at

birth requiring a brief period of positive pressure

ventilation. After birth, she continued to demonstrate

recurrent apnoea and shallow breathing and thus she

was put on nasal continuous positive airway pressure

(CPAP). On day 8 of life, the apnoea became so frequent

that she was electively intubated. She was stable on

low ventilatory setting (Pressure Control – Assist Control

mode, respiratory rate 30), and was therefore extubated

on day 11 of life. A bedside laryngo-bronchoscopy was

done which showed bilateral mobile vocal cord and

normal carina, without any evidence of laryngomalacia

or other causes of upper airway obstruction. However,

the baby developed recurrent apnoea again during sleep

requiring re-intubation on the same day, just one hour

and 15 minutes after extubation. A trial of caffeine

administration was given from day 13 to day 14 of life,

which did not produce any favourable response.

Besides the respiratory problem, this baby also

presented with recurrent vomiting and greenish gastric

aspirate on day 2 of life. Meconium was first passed at

32 hours of life. Anal exam revealed tight anal tone with
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gush of stool. Plain abdominal X-ray showed dilated

bowel loops with absence of rectal gas. Surgical

colleagues were consulted and colonic washout was

started on day 2 of life. Upper gastrointestinal contrast

imaging was normal. Rectal biopsy was performed on

day 9 of life which subsequently showed absence of

ganglion cells and staining for acetylcholinesterase

showed hypertrophic nerve trunks. On day 20 of life, a

contrast enema showed small caliber rectum with a

transitional zone at superior rectal region and a

prominent sigmoid colon, suggestive of short segment

Hirschsprung's disease. Incidentally, this baby was also

noted to have bilateral dilated pupils with poor response

to light. Plain computer tomography of the brain did not

reveal any abnormality.

In summary, this newborn baby presented with recurrent

apnoea since birth, abdominal distension which was

suggestive of Hirschsprung disease, and abnormal

pupillary response. Apnoea testing1 was performed while

the infant  was on Synchronised Intermit tent

Mandatory Ventilation (SIMV) support. The infant was

pre-oxygenated and was kept eucapnic (PaCO
2
 35-45

mmHg). Subsequently, she demonstrated central

apnoea/hypoventilation (PaCO
2
 >60 mmHg) when the

SIMV rate was turned down to 5-10 per minute and with

the infant went to sleep. Investigations for causes of

central apnoea were performed. Metabolic screening,

thyroid function, creatine kinase, magnetic resonance

imaging (MRI) of the brain, brainstem and spine were all

normal. Polysomnography was not done as her symptom

of hypoventilation was obvious. Putting together the few

aforementioned features of the baby, and ruling out other

causes of central apnoea, congenital central
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hypoventilation syndrome (CCHS) was suspected. Blood

was sent for genetics studies. Whole cellular DNA was

extracted from blood. Polymerase chain reaction (PCR)

analysis of the region in exon 3 of PHOX2B coding for

the CCHS-associated polyalanine repeat expansion

mutation was conducted using primers flanking the

region.2 The number of alanine-coding triplet repeats in

each PHOX2B allele was quantitated via polyacrylamide

gel electrophoresis of the PCR product and comparison

with known standard alleles. DNA from the infant carries

alleles of 20 and 32 repeats which was by far the largest

repeat mutation in Hong Kong (personal communication)

and therefore this infant carries CCHS polyalanine repeat

expansion mutation. The result confirmed the clinical

diagnosis of CCHS. Few days before the genetics result

was back, she already had endorectal pullthrough done

for confirmed Hirschsprung disease. The parents were

then counseled on the genetically confirmed diagnosis

of CCHS and its implications. Tracheostomy was

performed on day 43 of life, via which nocturnal invasive

ventilatory support in the form of Synchronised

Intermittent Mandatory Ventilation – Pressure Control

(SIMV-PC) was given. Positive pressure ventilation via

tracheostomy was chosen as this is the safest form of

ventilation to ensure adequate ventilation and

oxygenation during the first few years of life while the

respiratory and central nervous systems are maturing.

SIMV mode was chosen because this infant

demonstrated spontaneous breathing while awake and

using SIMV mode would allow her triggering of breathes

to be synchronised when she wakes up from sleep. For

investigations for other associated anomalies, no cardiac

asystole was demonstrated on 72-hour Holter study. No

tumours of neural crest origin have been detected on

screening. There were no other autonomic nervous

system dysregulation apart from the abnormal pupillary

response. The family was referred for genetics

counselling. The family was educated and prepared for

home ventilatory support management and care.

Discussion

CCHS was first coined as 'Ondine's curse' in 1962. Its

name was with reference to the myth of Ondine, a water

nymph who fell in love with a mortal human, losing her

immortality. The man later left Ondine for another woman.

Ondine placed a curse on him that if he should fall asleep,

he would forget to breathe. Eventually he fell asleep

knowing he would die as he would forget to breathe.3

Now the term 'Ondine's curse' is considered a misnomer

and CCHS is the preferred term. Infant with clinical

features of CCHS was first reported in 1970, but it was

not until 1992 that a large series was published. In 2009,

nearly 1000 cases were diagnosed worldwide.4 There

appears to be no difference in incidence in race or sex.

CCHS is a failure of automatic control of breathing.3,5

Ventilation is most severely affected during quiet sleep

and is better in active or  rapid eye movement sleep.5,6

There is absent or negligible ventilatory sensitivity to

hypercapnia and hypoxaemia during sleep and

wakefulness. It appears to represent a primary

phys io log ica l  abnormal i t y  o f  in tegra t ion  o f

chemoreceptor input to central ventilatory controllers,

rather than abnormalities in the chemoreceptors

themselves.3 Most children with CCHS have no

pathological lesions in the brainstem on autopsy and

MRI.3 On functional MRI, there is decreased neuronal

signal in areas including the cerebellar vermis when

challenged with hypercapnia and hypoxia in individuals

with CCHS as compared with controls.3 Deep cerebellar

nuclei in this area integrate sympathetic and

parasympathetic responses, so dysfunction here may

explain both the dysregulation of respiratory responses

and other dysautonomias in children with CCHS.3

Genetics and Genotype-phenotype Association

In 2003, the disease-causing gene PHOX2B (Paired-

like homeobox 2B) was discovered.4 It is a gene located

on band 4p12, which codes for a transcriptional factor

responsible for regulation expression of genes involved

with the development of the autonomic nervous system.

Normally it contains a repeat sequence of 20 alanines,

therefore a normal genotype is represented as 20/20. It

is noted that an increased polyalanine repeat expansion

mutation (PARM) is associated with decreased

transcription of these genes. Over 90% of CCHS are

heterozygous for an inframe PARM coding for 24 to 33

alanines producing genotypes of 20/24 to 20/33 (most

commonly 25, 26 and 27).4 The remaining approximately

10% will be heterozygous for a Non-PARM (NPARM),

including missense, nonsense, and frameshift, in the

PHOX2B gene.4 Locally available genetic tests include

a PHOX2B Screening Test and a PHOX2B Sequencing

Test. The PHOX2B Screening Test is a polymerase chain

reaction based, fragment-analysis assay, which

amplifies and sizes the second polyalanine-coding triplet

repeat sequence in exon 3 of the PHOX2B gene. This

test is highly sensitive and specific for detecting the triplet

repeat expansion mutations that are found in about 92%

of individuals with CCHS. For those with no mutation

identified by the PHOX2B Screening Test, the PHOX2B

Sequencing Test could be performed to directly

sequence the 3 coding exons of the PHOX2B gene,
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which would identify the missense and nonsense

NPARMs making up of about 8% of individuals with

CCHS. These two tests would identify most individuals

with CCHS, but not the less than 1% with PHOX2B

whole or partial gene deletions. Multiplex ligation-

dependent probe amplification (MLPA) is available in

Rush University, in Chicago that has been used to

identify such deletions that would have been undetected

by the aforementioned two tests.

The PHOX2B gene, apart from being a disease-causing

gene, its genotype also appears to demonstrate a

relationship with the phenotype, in terms of the need

for continuous ventilatory responses, the presence of

Hirschpsrung disease, tumours of neural crest origin,

cardiac asystole, and symptoms of autonomic system

dysregulation.

1. Continuous ventilatory dependence

A relationship between the number of polyalanine

repeats and the need for continuous ventilatory

dependence has been reported. PARM 20/25 rarely

needs 24-hour ventilatory support, while PARM 20/27-

33 tends to require 24-hour ventilatory support. As for

those with NPARM, they tend to require continuous

ventilatory support.4,7-9

2. Hirschpsprung's disease

Eighty-seven to 100% of NPARMs are associated with

Hirschpsprung disease, while the percentage reported

in PARMS is 13-20%. Amongst those PARMS with

Hirschsprung's disease, a high occurrence has been

reported in those with 20/27-33 genotype.4,7,8

3. Tumours of neural crest origin

N e u r o b l a s t o m a s ,  g a n g l i o n e u r o m a s ,  a n d

ganglioneuroblastomas in locations with sympathetic

nervous tissue have been reported in CCHS, especially

in NPARMs, up to 50%. In PARMs, only 1% has been

reported to have these tumours, and only in genotypes

20/29-33.4,8,10

4. Cardiac asystoles

There is a reported correlation between PARMs and

the length of longest R-R intervals. The percentages

of patient has sinus pauses 3 seconds or longer are

0%, 19% and 83% in 20/25, 20/26, and 20/27

respectively, and a portion of them require pacemaker

implantation. The risk to NPARMs in this respect has

been unascertained. 4,7,9

5. Symptoms of autonomic system dysregulation

The increase in number of polyalanine repeats is

associated with increased number of symptoms of

autonomic system dysregulation, these symptoms

including diminished papil lary l ight response,

oesophageal dysmotility, breath-holding spells, reduced

basal body temperature, sporadic profuse sweating, lack

of perception to dyspnoea, altered perception of anxiety,

and lack of physiologic responsiveness to the challenges

of exercise and environmental stressors.4,10

Clinical features

Individuals with CCHS generally demonstrate adequate

ventilation while awake, whereas in sleep, progressive

hypoventilation is exhibited. In the most severely affected

ones, however, hypoventilation might be present both

while awake and asleep. Other clinical features that can

be present are related to the autonomic nervous system

dysregulation in the various systems: Ophthalmologic –

decreased/absent pupillary light response, anisocoria,

esotropia/exotropia, lack of convergent gaze; Respiratory

– absent perception of dyspnoea; Cardiovascular –

altered peripheral perfusion, decreased heart rate

variability, prolonged sinus pauses, vasovagal syncope;

Gastrointestinal – oesophageal dysmotility; Neurologic

– decreased anxiety, decreased pain perception;

Sudomotor – profuse sweat ing,  temperature

dysregulation.

Diagnosis of CCHS

For an individual with suspected CCHS, the suggested

diagnostic workup is as follow:

1. Demonstrating central apnoea / alveolar

hypoventilation by Sleep Polysomnography or

Apnoea Test

- Sleep Polysomnography: It is recommended to have

a detailed recording and evaluation of spontaneous

breathing during sleep or wakefulness. The recording

should include at a minimum tidal volume, movement

of the chest and abdomen, haemoglobin saturation

with pulse waveform, end tidal carbon dioxide, and

electrocardiogram. Observation should be made of

the individual’s tidal volume and respiratory rate

response to the endogenous chal lenges of

hypercarbia and hypoxaemia.6

- Apnoea Test1: While the individual is on SIMV support,

the individual is pre-oxygenated and kept eucapnic

(PaCO
2
 35-45 mmHg). The SIMV rate is then turned

down to 5-10 per minute to see whether the individual

demonstrates central apnoea or hypoventilation with

PaCO
2
 >60 mmHg.
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2. Ruling out other causes of central apnoea

CCHS is a great mimicker of many treatable diseases,

therefore the possibility of a discrete congenital

myopathy, myasthenia gravis, altered airway or

intrathoracic anatomy, diaphragm dysfunction,

congenital cardiac disease, a structural hindbrain or

brainstem abnormality, or Möbius' syndrome should be

considered.6 Specific metabolic diseases such as Leigh

disease, pyruvate dehydrogenase deficiency, and

discrete carnitine deficiency should also be considered

in the differential diagnoses. Confounding variables

including asphyxia, infection, trauma, tumour, and

infarction should be distinguished from the unique

diagnosis of CCHS. To differentiate the various diseases,

a detailed neurological examination and a battery of

investigation should be organised (Table 1).

3. PHOX2B genetic tests to confirm the diagnosis of

CCHS

PHOX2B Screening Test, PHOX2B Sequencing Test and

PHOX2B MLPA Test should be performed to identify the

presence of mutations (PARM, NPARMs and other

mutations).

4. Looking for associations of CCHS (see Table 2)

Contrast enema and rectal biopsy should be considered

in patients with suspected Hirschprung disease. Chest

and abdominal imaging and urine catecholamines

studies should be done to rule out neural crest tumours.

72-hour Holter monitoring can help identifying cardiac

rhythm abnormalities. Comprehensive ophthalmological

evaluation is recommended to identify and associated

eye abnormalities.

Table 1.  Differential diagnoses of CCHS and suggested investigation protocol

Differential diagnoses Investigations

Metabolic:

Mitochondial defects e.g. Leigh's disease Serum lactate, pyruvate, amino acid; Urine amino acid, organic acid;

Pyruvate dehydrogenase deficiency Cerebrospinal fluid examination for lactate and infection

Hypothyroidism Thyroid function test

Neurologic:

Structural central nervous system abnormalities e.g. MRI brain and brainstem

Arnold Chiari malformation, Moebius syndrome

Vascular injury e.g. central nervous system haemorrhage, infarct

Trauma

Tumour

Pulmonary:

Primary lung disease Chest X-ray, bronchoscopy

Respiratory muscle weakness e.g. diaphragm paralysis, Fluoroscopy of the diaphragm

    congenital myopathy Serum muscle enzyme

Electromyogram

Muscle biopsy

Genetic:

Prader Willi syndrome Genetics test

Familial dysautonomia Neurocognitive assessment

Congenital central hypoventilation syndrome

Sedative drugs

Table 2.  Recommended follow up assessments to characterise CCHS Phenotype (Adapted from ATS Clinical Policy Statement)5

PHOX2B Assess for presence Yearly* in-hospital Yearly holter Yearly neuro-cognitive Yearly imaging

Genotype of Hirschsprung comprehensive and echo assessment to assess for

disease physiologic testing neural crest tumours

PARM

20/24 and 20/25 √ √ √

20/26 √ √ √ √

20/27 √ √ √ √

20/28-20/33 √ √ √ √ √ #

NPARM √ √ √ √ √ ^

*Infants under 3 years of age should undergo 6-monthly comprehensive assessments
#Yearly chest and abdominal imaging to screen for ganglioneuromas and ganglioneuroblastomas
^Abdominal imaging and urine catecholamines 3-monthly before 2 years of age, then 6-monthly till 7 years of age to screen for neuroblastomas

C a s e  R e p o r t
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5. Family screening

It should be noted that up to 25% of CCHS individuals

inherited their PHOX2B mutation from a parent who has

mosaicism and therefore the same mutation can be

passed on to other children, it is necessary to refer all

parents of individuals with genetically confirmed CCHS

to clinical geneticists for genetic testing and counselling.

Ventilatory management and followup

The goal is to secure the airway and ensure optimal

ventilation and oxygenation. Some form of chronic

ventilatory support is required, as children with CCHS

do not grow out of it, and they do not respond to

pharmacologic stimulants.4-6,11 The options include

positive pressure ventilation via tracheostomy, bilevel

positive airway pressure, and diaphragm pacing.4

Positive pressure ventilation via tracheostomy is

recommended at least in the first few years of life to

ensure optimal oxygenation and ventilation so as to

provide optimal neurocognitive outcome.4,11 This also

has the advantage of securing the airway during illness,

can be used continuously, and can use higher settings

than with non-invasive ventilation.

Some precautions need to be taken in individuals with

CCHS, which include avoiding sedative medications and

central nervous system depressants, counselling on the

dangers of alcohol and drug abuse.4,12 Swimming is not

recommended unless carefully supervised.

On long term follow up, comprehensive physiologic

testing, regular Holter recording, and imaging to screen

for tumours of neural crest origin are required. There is

recommended testing protocol for different genotypes

as shown in Table 2.

Conclusion

We present an infant with CCHS confirmed genetically,

with a genotype of PARM 20/32. Tracheostomy was done

after detailed discussion with parents on the diagnosis

and implications. Despite having a high number of

polyalanine repeats, she so far only requires ventilatory

support during sleep. While awake, she spontaneously

breathes through the tracheostomy. She did have

Hirschpsprung's disease which she received a surgical

pullthrough for, and now she is passing stool normally.

There is no cardiac asystole demonstrated on 72-hour

Holter recording. No tumours of neural crest origin have

been detected. She showed abnormal pupillary

response, but there are no other symptoms of autonomic

nervous system dysregulation. The family has been

referred for genetics counselling.
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