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Once upon a time, there was a mermaid named Ondine.

Summary Congenital central hypoventilation syndrome (CCHS) is a rare syndrome,
present from birth, and is defined as the failure of automatic control of breathing. Patients
have absent or negligible ventilatory sensitivity to hypercapnia and hypoxaemia during
sleep and wakefulness. Therefore, especially while asleep, children with CCHS experi-
ence progressive hypercapnia and hypoxaemia. They lack arousal responses and sensa-
tions of dyspnoea to the endogenous challenges of isolated hypercapnia and hypoxaemia
and to the combined stimulus of hypercapnia and hypoxaemia. Patients with CCHS do
not exhibit signs of respiratory distress when challenged with hypercarbia or hypoxia. The
diagnosis is one of exclusion, ruling out any primary pulmonary, cardiac, metabolic or
neurologic cause for central hypoventilation. CCHS is associated with other manifesta-
tions of autonomic nervous system dysfunction, including Hirschsprung's disease. Al
patients with CCHS require lifelong ventilatory support during sleep but some will be able
to maintain adequate ventilation without assistance while awake once past infancy.
However, some CCHS patients require ventilatory support for 24 h/day. Modalities of
home mechanical-assisted ventilation include positive pressure ventilation via tracheost-
omy, non-invasive positive pressure ventilation (bi-level ventilation), negative pressure
ventilation and diaphragmatic pacers. Supplemental oxygen alone is inadequate treat-
ment. With early diagnosis and adequate ventilatory support, these children can have
good outcomes and lead productive lives.

© 2004 Elsevier Ltd. All rights reserved.

sleep. The incidence of CCHS is unknown but it is generally

Ondine fell in love and married a mortal knight named
Hans, losing her immortality. As time passed, Hans left
Ondine for another woman. Poseidon, God of the Sea and
Ondine’s father, was infuriated by Hans and placed a curse
upon him that none of his automatic bodily functions would
occur unless he consciously willed them. The story ends as
Hans is about to fall asleep, knowing that he will die because
he will ‘forget to breathe’.

‘Ondine’s curse’ or, more preferably, congenital central
hypoventilation syndrome (CCHS) is a rare disorder where
patients appear to breathe reasonably well while awake but
severely hypoventilate and/or become apnoeic during

*Correspondence to: Dr T G Keens.; E-mail: tkeens@chla.usc.edu

526-0542/% — see front matter

considered to be rare.'

PATHOPHYSIOLOGY

CCHS is a failure of automatic control of breathing.'” Since
breathing during quiet sleep is controlled almost entirely by
the automatic system, ventilation is most severely affected
during quiet sleep. Ventilation is better in active, or rapid
eye movement (REM) sleep, when cortical input is at its
greatest although still not normal.? Hypoventilation is pro-
duced by a pattern of decreased tidal volume, with variation
in minute ventilation mostly due to variation in respiratory
rate. While asleep, children with CCHS experience pro-
gressive hypercapnia and hypoxaemia. They have absent or

© 2004 Elsevier Ltd. All rights reserved.
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negligible ventilatory sensitivity to hypercapnia and hypox-
aemia during sleep and wakefulness.” In addition, they lack
arousal responses and sensations of dyspnoea to the
endogenous challenges of isolated hypercapnia and hypox-
aemia and to the combined stimulus of hypercapnia and
hypoxaemia, although they may arouse to hypercapnia
under controlled circumstances.'®"

Paton et al. found that children with CCHS have absent
chemoreceptor responses to both hypercapnia (central che-
moreceptors) and hypoxia (peripheral chemoreceptors),
using rebreathing ventilatory response testing, even while
awake.” Along with ventilatory responses, humans also have
an arousal response to CO, and hypoxia. Marcus et dl.
performed hypoxic and hypercapnic arousal responses in
CCHS children and showed that most children with CCHS
arouse to hypercapnia, under very controlled circumstances,
indicating intact central chemoreceptor input.'' Gozal et dl.
hypothesised that the ability of CCHS patients to maintain
waking ventilation was due to intact peripheral chemorecep-
tor function that could stimulate the abnormal brainstem
centres if the signal was strong enough.'” They found that
peripheral chemoreceptor function, when assessed by acute
hypoxia, hyperoxia or hypercapnia, was present and intact in
CCHS children who were able to sustain adequate ventilation
during wakefulness. Thus, CCHS appears to represent a
primary physiological abnormality of integration of chemor-
eceptor input to central ventilatory controllers, rather than
abnormalities in the chemoreceptors themselves.'*

Chemoreceptors are thought to be important control-
lers of ventilation during exercise. In fact, Silvestri et al.
showed severe gas-exchange abnormalities in full-time
ventilatory dependent CCHS patients during moderate
exercise.'* However, Paton et al'”> and Shea et al.'®
showed that exercise-induced hyperpnoea can occur in
CCHS patients who only require ventilatory assistance
during sleep. Paton et al. found that these CCHS patients
increased minute ventilation and tidal volume with increas-
ing exercise but not as much as normal subjects. Gozal et al.
showed that passive leg motion also increased alveolar
ventilation in awake and asleep CCHS children.'”'® They
speculated that rhythmic entrainment of respiration plays a
significant role in the modulation of breathing in CCHS
children. This finding also suggests that CCHS patients may
be at higher risk for hypoventilation when they are still. Shea
et al. documented that CCHS patients do increase ventila-
tion with mental activity such as reading, solving arithmetic
problems or playing video games,'9 much as normal con-
trols do. Some CCHS children ask to be put back on their
ventilators when they perceive the need and can sense
dyspnoea due to exercise. Thus, there may be some neural
pathways that transmit a feeling of dyspnoea that are
independent of brainstem respiratory function.?%?'

Most children with CCHS have no pathological lesions in
the brainstem, on autopsy and magnetic resonance imaging
(MRI), that are thought to be causal.**** However, children
with CCHS have decreased neuronal signal in areas including

the cerebellar vermis when challenged with hypercapnia,
hypoxia and cold pressors on functional MRI when compared
with controls.** ¢ Deep cerebellar nuclei in this area inte-
grate sympathetic and parasympathetic responses; dysfunc-
tion here may explain both the dysregulation of respiratory
responses and other dysautonomias in children with CCHS
but much research is needed to prove this further. In addition,
reports of neuropathological findings support autonomic
nervous system (ANS) dysfunction in CCHS. One infant
with CCHS had neuronal loss of the reticular nuclei and
nearby cranial nerve nuclei’’ Cutz et dl. reported small
carotid bodies (<50% of control size) with fewer glomus
cells in two CCHS patients, suggesting a structural defect in
hypoxia responsivity.23 He also found that neuroepithelial
bodies in the airways were relatively hypertrophied, possibly
in compensation for the small peripheral chemoreceptors.
These remain isolated reports that are not observed in all
CCHS patients.

PRESENTATION

In the newborn period, many affected infants will not have
the classically described sleep—wakefulness differences;
thus, they may appear to have chronic intermittent duski-
ness, cyanosis and measurable hypercapnia. As their oxygen
saturations fall and their carbon dioxide levels rise, affected
infants demonstrate no increase in respiratory rate or effort
and usually do not arouse or appear distressed. These
children, if undetected or misdiagnosed, will present again
at a later age with signs of right heart failure and pulmonary
hypertension from prolonged periods of hypoxia and
hypercapnia.

Some infants with CCHS may present more obviously
with frank apnoea and respiratory arrest upon falling
asleep. Unlike those infants who have apnoea due to
perinatal asphyxia, CCHS patients do not have associated
signs of profound neurological damage.

The primitive responses to hypoxia and hypercapnia that
ordinarily stimulate respiratory drive in normal breathing
are also responsible for increasing the drive in times of
stress and illness. Without these responses, patients with
CCHS often do not display signs of respiratory distress,
such as tachypnoea, nasal flaring or retractions. Without the
aid of objective monitoring, their hypoxia/hypercapnia is
only detected at a late stage, after the onset of severe
cyanosis and central nervous system depression.’

AETIOLOGY

Interestingly, the legend predicts that this disorder would
also include other ANS dysfunctions, which patients with
CCHS clearly have. Most commonly, approximately |5—
20% of patients with CCHS also have Hirschsprung’s
disease,'*® aganglionosis of the bowel, that is thought to
be caused by neural crest migration abnormalities.”” Other

associated manifestations of ANS dysfunction are:*
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decreased heart rate variability; decreased breath-to-
breath variability; baseline bradycardia or transient asystole;
vasovagal syncope; pupillary abnormalities; poor heat tol-
erance; lack of producing a fever; oesophageal dysmotility*'
leading to reflux and feeding difficulties and altered sweat
patterns. Tumours of neural crest origin (i.e. ganglioneur-
omas, neuroblastomas) have also been described in
patients with CCHS with and without Hirschsprung's dis-
ease.’

The cause of CCHS is unknown but it is likely that this is a
generalised disorder of the ANS, perhaps part of a larger
neurocristopathy. There are reports of women with CCHS
who have given birth to children with CCHS, although
there are also CCHS women who have had non-affected
children**? It has been reported in monozygotic twins,
siblings®' and half-siblings who have CCHS or CCHS and
Hirschsprung’s disease. There is an increased incidence of
sudden infant death syndrome and other ANS dysfunctions
in CCHS relatives. Much research is ongoing to identify
genetic links and markers and extent of dysautonomia;
however, the details are beyond the scope of this article
and are addressed elsewhere in this journal.*

DIAGNOSIS

The diagnosis of CCHS depends on the documentation of
hypoventilation during sleep in the absence of primary
neuromuscular, lung, cardiac or metabolic disease, or an
identifiable brainstem lesion.' Confounding variables,
including asphyxia, infection, trauma, tumour and infarction,
must be delineated from CCHS.

The initial evaluation may include a detailed neurological
evaluation that may require a muscle biopsy, chest x ray,
fluoroscopy of the diaphragm, bronchoscopy, electrocar-
diogram, Holter recording, echocardiogram and MRI ima-
ging of the brain and brainstem. Serum and urinary organic
acids, amino acids and camitine levels should be obtained to
rule out inborn errors of metabolism. A rectal biopsy
should be considered in the event of abdominal distension
and constipation due to the association with Hirschsprung's
disease.

Ultimately, each child with suspected CCHS should have
a detailed recording in a respiratory physiology laboratory
to evaluate spontaneous breathing during REM sleep, non-
REM sleep and wakefulness. The recording montage should
include (at a minimum) movement of the chest and abdo-
men (respiratory inductance plethysmography), flow at the
nose and mouth, SpO,, end-tidal pCO, and electrocardio-
gram. Non-invasive monitoring of oxygenation and ventila-
tion are preferred, as intermittent blood gas sampling,
capillary or otherwise, would cause arousal and therefore
not be an accurate ‘sleep state’ measurement.

Careful observation should be made of the infant's tidal
volume and respiratory frequency response to endogenous
hypoxaemia and hypercarbia both awake and asleep. While
asleep, an arousal response, or more importantly, a lack

thereof, should also be recorded. Such endogenous chal-
lenges during spontaneous breathing may be diagnostic
without the need for exogenous challenge testing. Infants
receiving supplemental oxygen during the study will have
falsely elevated oxygen. While there has not been an
established diagnostic value, in general, those with CCHS
have end-tidal pCO, readings persistently above 60 torr
while asleep.

While genetic testing for CCHS is not readily available at
present, sending blood work for confirmation of the CCHS
genetic profile may play a role in future diagnosis.

MANAGEMENT

Trying to compensate for a young child who functionally
forgets to breathe’ when asleep is challenging. The treat-
ment of CCHS is to ensure adequate ventilation for the
patients who are unable to achieve adequate gas exchange
during spontaneous breathing, or simply put, to ‘breathe’
for them. This requires mechanical-assisted ventilation 12577
as no pharmacological respiratory stimulants have shown to
be effective® 3® and they certainly do not prevent the need
for ventilatory support. Children with chronically elevated
Perco, greater than 5560 torr, due to decreased central
respiratory drive, will develop progressive pulmonary
hypertension.*”*° Supplemental oxygen alone is not suffi-
cient treatment for hypoventilation and will not prevent
pulmonary hypertension. Thus, CCHS children require
home mechanical ventilation. As children with CCHS do
not usually have severe lung disease, they have many
options for different techniques to provide mechanical-
assisted ventilatory support at home.

We believe infants are best ventilated with positive
pressure ventilation (PPV) via tracheostomy and should
have one placed soon after diagnosis. It is usually preferable
to ventilate infants for 24 h/day for some period of time,
assuring that oxygenation and ventilation remain adequate
to minimise possible damage to a developing brain. Passy-
Muir one-way speaking valves and tracheostomy capping
can be done while awake when patients are older to allow
for vocalisation and use of the upper airway.

CCHS patients are not like other children on home
mechanical ventilation. They must be managed with
extreme vigilance due to their lack of objective or sub-
jective responsivity to hypoxaemia and hypercapnia.
Responses to respiratory infections in children with CCHS
differ from non-CCHS ventilator-dependent children. Chil-
dren with CCHS do not typically develop a fever, increase
their respiratory rate or have dyspnoea in response to
pneumonia,' ¢ or exhibit symptoms of severe hypoxia and/
or hypercapnia. These limitations emphasise the impor-
tance of both objective pulse oximetry and end-tidal Pco,
monitoring, as well as highly skilled and consistent care-
takers in the home.*'

Transition to a home portable ventilator should be made
in the hospital and discharge planning for home is extensive.
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Arrangements for the home ventilator, a backup ventilator,
624 h/day of in-home nursing, supplemental oxygen, a
pulse oximeter and end-tidal CO, monitor are all things
that need to be set up prior to discharge. The latter two
help to provide objective measures of physiological com-
promise and adequate ventilator settings.

PHILOSOPHY OF CHRONIC
VENTILATORY SUPPORT

All CCHS patients require assisted ventilation during sleep;
thus, weaning these patients off mechanical ventilation
totally is not a realistic goal. For these children, ventilators
are adjusted to provide Pgrco, consistently between 30—
35 torr and Sy0, greater than 95%.%* Optimal ventilation
avoids atelectasis and the development of co-existing lung
disease. Children who are hyperventilated at night have
better spontaneous ventilation while awake than those
who are ventilated to higher Pco, levels.*? It has also been
our experience that children with CCHS have fewer
complications and generally do better clinically with hyper-
ventilation during assisted ventilation. Allowing these chil-
dren to be borderline or frankly hypercapnic and/or
hypoxic defeats the purpose of chronic ventilatory support.

While it should be emphasised that children with CCHS
are not candidates for weaning off mechanical-assisted
ventilation while asleep, mobility and quality of life are
maximised if the child can breathe unassisted for periods
of time while awake. Some CCHS children gradually
develop the ability to breathe adequately during wakeful-
ness. The weaning of daytime assisted ventilation is best
accomplished by sprint vveaning.42 Sprint weaning is per-
formed by removing the child from the ventilator for short
periods of time during wakefulness, between two and four
times per day. Between sprints, the child remains on full
ventilator settings and support. Initially, these sprints may
only last a few minutes and supplemental oxygen may be
required. The child must be carefully monitored non-
invasively during sprints to prevent hypoxia or hypercapnia.
Sprints should be stopped if S0, is less than 95%, Perco, is
greater than 45-50 torr or there are obvious signs of
distress. These parameters should be provided as written
orders if home or hospital nursing is involved. However, the
CCHS child may not exhibit these signs of distress, reiter-
ating the importance of objective non-invasive monitoring.
The length of each sprint is increased daily or every few
days as tolerated. Increasing the sprint length too rapidly
often hinders the progress of weaning.

MODALITIES OF HOME
MECHANICAL VENTILATION

Portable PPV via tracheostomy

Portable PPV via tracheostomy is the most common
method of providing home mechanical ventilation, espe-

cially for infants and younger children.*” Commercially
available positive pressure ventilators have the capability
for battery operation, are relatively portable and thus
maximise mobility. However, they are not as powerful,
technologically sophisticated or versatile as traditional hos-
pital ventilators that run on compressed air. Consequently,
when infants and children acquire an intercurrent illness
(which can be often), hospitalisation with additional venti-
latory support may be required.42 An uncuffed tracheost-
omy is required for positive pressure ventilator access to
the patient; this is a mainstay for providing optimal venti-
latory support at home.

To achieve successful mechanical ventilation at home,
the Fo, that maintains S,0, greater than or equal to 95%
should be 40% or less. The requirement for peak inspira-
tory pressures (PIP) to achieve adequate ventilation should
be less than 40 cmH,O. Some home ventilators are now
available that provide continuous flow of gas, therefore
positive end-expiratory pressure (PEEP) and pressure sup-
port modes of ventilation are available for the home.

Most commercially available portable positive pressure
ventilators are volume pre-set ventilators. In traditional
hospital practice, a delivered tidal volume of 10-15 ml/kg
is used for mechanical-assisted ventilation in infants, chil-
dren and adults. A significant portion of the ventilator-
delivered breath escapes in the leak around the uncuffed
tracheostomy. The tracheostomy leak can be compensated
for by using the ventilator in a pressure-limited modality,
also known as pressure plateau ventilation.**** The pressure
limit on the volume pre-set ventilator is adjusted to the
desired PIP and a tidal volume setting is chosen that is
sufficient to inflate the lungs, compensate for tubing com-
pliance and accommodate the leak. This technique is very
successful in home mechanical ventilation of infants and
small children. Some CCHS children have acquired lung
disease that may require PEEP or pressure support for
successful home ventilation. Ventilator settings should be
titrated non-invasively (i.e. sleep laboratory) periodically to
ensure adequate oxygenation and mild hyperventilation.
Home ventilators have been shown to be safe and, in one
large study, ventilator failures did not have any adverse
patient outcomes.*

Bi-level positive airway pressure ventilation

Non-invasive intermittent PPV is delivered via a nasal mask
or face mask using a bi-level positive airway pressure
ventilator. Bi-level ventilators are smaller, less expensive
and generally easier to use than conventional ventilators.
Newer models have pressure and apnoea alarms, adjus-
table rise times and can be battery operated. Bi-level
ventilators can provide variable continuous flow through
a blower (fan), have a fixed leak preventing CO, retention
and can compensate for leaks around the mask. Inspiratory
positive airway pressure (I-PAP) and expiratory positive
airway pressure (E-PAP) can be adjusted independently.
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The I-PAP to E-PAP difference is proportional to tidal
volume. I-PAPs greater than 20 cmH,O generally require
chin straps, full face masks or newer oral devices that
prevent pressure pop-off through an open mouth, espe-
cially during REM sleep.*® Heated humidification and sup-
plemental oxygen can be added to the circuit. Only the
spontaneous/timed and timed modes guarantee breath
delivery and should be used in CCHS patients because
these patients can not be trusted to generate their own
adequate respirations.

Bi-level ventilation has been used successfully in treating
children with CCHS as young as 3 months of age.*® Bi-level
ventilation is not as powerful as PPV via tracheostomy and
generally delivers lower pressures. Bi-level ventilation
should not be used for 24 h/day because the mask inter-
feres with daily activities and social interaction and may
cause some mid-face hypoplasia. However, CCHS patients
who only require ventilatory support during sleep are good
candidates for bi-level ventilation. Well-fitting mask/prongs
are important to achieve efficacy, improve comfort,
increase compliance and reduce complications.

For most CCHS patients, bi-level ventilation allows for
tracheostomy decannulation. Therefore, bi-level settings are
initially set in a sleep study. As CCHS patients do not usually
require high E-PAP to maintain upper airway patency, the E-
PAP is usually set low at 4-5 cmH,O. The I-PAP is then
increased to achieve the desired tidal volume, based on
5p022>95% and Pgrco,<40 torr. For patients with normal
lungs, tidal volume increases as the I-PAP to E-PAP difference
increases up to about |5 cmH,O, after which there is no
significant increase in tidal volume.*® If successful, tracheal
decannulation can be considered.”” When anticipating tra-
cheostomy decannulation, we recommend an evaluation of
the upper airway size and possible tonsillectomy and ade-
noidectomy priorto decannulation to optimise upper airway
size and minimise upper airway collapse during inspiration. In
general, non-invasive ventilation is best started after 5-6 years
of age, when the clinical course of CCHS is usually more
stable. Many centres now have experience with the successful
use of bi-level ventilation in infants and children.

Negative pressure chest shell (cuirass)
ventilator, wrap ventilator or Port-a-lung

Negative pressure ventilation (NPV) works by generating a
negative inspiratory pressure outside the chest and abdo-
men to cause an inspiration.48 Negative pressure ventilators
are not as portable as electronic positive pressure venti-
lators. The chest shell (cuirass) ventilator uses a dome-
shaped shell that is fitted over the anterior chest and
abdomen. The negative pressure wrap ventilator is a ‘jump
suit’ that fits snugly around the neck, wrists and ankles to
minimise leaks. A Port-a-lung is a portable negative pressure
ventilator that an infant or child may fit inside. A negative
inspiratory pressure is generated inside the chest shell, wrap
or Port-a-lung that expands the chest and upper abdomen.

The ventilator rate and the negative pressure developed
inside the chest shell, wrap or Port-a-lung can be selected.
The negative pressure is proportional to the tidal volume
but may be limited by leaks around the chest shell or
wrap. However, airway occlusion can occur when breaths
are generated by a negative pressure ventilator during
sleep, especially in young children and infants, which may
make this a less optimal technique. The effectiveness of
NPV depends on the ability to move the chest wall;
therefore, those with marked chest wall deformities are
poor candidates for NPV. Nevertheless, NPV is used in
some children with CCHS, allowing decannulation of the
tracheostomy.®**

Diaphragm pacing

Diaphragm pacing generates breathing using the child’s
own diaphragm as the respiratory pump and is well suited
to infants and children with CCHS.*” Commercially avail-
able diaphragm pacing systems have a battery-operated
external transmitter. An antenna is taped on the skin over
subcutaneously implanted receivers. The transmitter gen-
erates a train of pulses for each breath that is transmitted
through the antenna to the receiver under the skin, similar
to radio transmission. The receiver converts this energy to
standard electrical current that is directed to a phrenic
nerve electrode by lead wires. The electrical stimulation of
the phrenic nerve causes a diaphragmatic contraction that
generates the breath. The amount of electrical voltage is
proportional to the diaphragmatic contraction or tidal
volume. In children, simultaneous bilateral diaphragm
pacing is generally required to achieve optimal ventilation.
As this technique is portable, it is useful for daytime
support of ambulatory children requiring full-time venti-
latory support, in combination with PPV via tracheostomy
or bi-PAP for nocturnal ventilation. In addition, we have
successfully transitioned CCHS children from PPV via
tracheostomy to diaphragm pacing without the tracheost-
omy for night-time support. As with all non-invasive
ventilation, upper airway obstruction can occur during
inspiration and must be properly addressed before tra-
cheostomy decannulation.

Diaphragm pacing requires surgical implantation of bilat-
eral phrenic nerve electrodes, usually intrathoracically. We
have recently performed this in nine patients and observed
a reduction in the post-operative morbidity from surgery.SO
Pacing is then gradually initiated 4—6 weeks later, which
allows for tissue reaction around the electrodes to stabilise.
Initially, diaphragm pacing results in fatigue (decreasing
diaphragmatic contraction for the same electrical stimulus)
after 60—90 min. Thus, 'aerobic training’ of these muscle
fibres is required to sustain pacing for the desired 12—16 h/
day. We start pacing at |2 h/day and gradually increase
weekly by 30—60 min/day. Thus, a ‘training period’ of up to
3—4 months is usually required to achieve full pacing.
In general, most children are limited to 12—16 h/day of
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diaphragm pacing, although there are a small number of
CCHS children who are being paced continuously (24 h/
day) without fatigue.

Diaphragm pacers work well but they require frequent
attention. Thus, successful diaphragm pacing requires proxi-
mity to a medical team willing to maintain this system.
Adults have shown no diaphragm or phrenic nerve pro-
blems after as long as 30 years of diaphragm pacing but
longer-term consequences of phrenic nerve stimulation are
unknown. Diaphragmatic pacing is truly portable and allows
patients to do things such as go on camping trips. Diaphrag-
matic pacing has also been used in a term pregnancy of a
CCHS mother, who ultimately gave birth to a CCHS child,
without compromised ventilation. However, frequent
monitoring (every 6 weeks) by polysomonography to
assess for adequate oxygenation and ventilation is recom-
mended in pregnancy with any ventilatory support sys-
tem. >

CLINICAL COURSE AND PROGNOSIS

During the first few years of life, CCHS infants may be very
unstable. Even minor respiratory infections may cause com-
plete apnoea during both sleep and wakefulness. As they
mature, the neurological condition does not change (i.e. they
will not regain the ventilatory responses to hypoxia or
hypercarbia at any age) but the other parts of the respiratory
system (lungs, ventilatory muscles and chest wall) will
mature, allowing these patients to gradually become more
stable. All patients with CCHS will need supported ventila-
tion while asleep but about 65% of CCHS patients are able
to come off assisted ventilation while awake.®

Children with CCHS can have prolonged survival, with
several patients now in young adutthood; most have a good
quality of life. Long-term follow-up and neurodevelopmen-
tal outcome reveal a broad range of results with a great deal
of variability, usually correlating with the degree of severity
of their CCHS.”

Many children demonstrate findings that may be related
to sequelae of intermittent hypoxaemia, such as seizures.
Most children have adequate growth and nutrition. Many
CCHS children have swallowing discoordination requiring
temporary gastrostomies. Many children attend regular
classes in regular schools; however, overall, children with
CCHS are in the slow learmer range of mental processing
abilities with learing disabilities but some children with mild
CCHS test in the above-average range.

No known cure for CCHS exists and the disorder
appears to be lifelong. With an increasing awareness of
the disease entity, patients will be recognised and treated
earlier than in the past. With earlier diagnosis and treat-
ment, vigilant management of ventilation, improved home
equipment and monitoring abilities and rigorous efforts to
support an age-appropriate and progressively independent
lifestyle, the outlook for these CCHS children is encoura-

ging.

PRACTICE POINTS

o CCHS patients will require lifelong mechanical-
assisted ventilation while asleep, as they do not
outgrow this disorder

e Not all patients with CCHS will have adequate
ventilation in wakefulness and thus may require
mechanical-assisted ventilation during wakefulness
as well as while asleep

e CCHS patients do not subjectively feel or
objectively exhibit signs of dyspnoea or respiratory
distress with increasing hypercarbia and hypoxia,
reiterating the importance of objective non-
invasive monitoring and vigilant care in the home
or chronic care setting

e Many patients with CCHS will require additional
ventilatory support while acutely ill, frequently
requiring admission to hospital for increased
ventilator support. Those who are non-invasively
ventilated may require endotracheal intubation for
PPV with acute illnesses

e Supplemental oxygen alone is inadequate
treatment for CCHS as it will not prevent
pulmonary hypertension and cor pulmonale from
chronic hypoventilation

o CCHS is only diagnosed in the absence of primary
pulmonary, cardiac, metabolic or neurologic
disease

o While some infants with CCHS present with frank
apnoea and respiratory arrest upon falling asleep,
the diagnosis of CCHS should also be considered
in any infant who presents with intermittent
cyanosis and hypercarbia (that is not necessarily
more pronounced when asleep)

RESEARCH DIRECTIONS

e Phenotypic correlation with genotypic sequencing.
e Further evaluation and definition of
dysantonomias in CCHS.
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