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ABSTRACT:

Congenital Central Hypoventilation Syndrome (CCHS) is a rare condition marked by alveolar hypoventilation
caused by insufficient autonomic central ventilation control and systemic autonomic dysfunction. PHOX2B
(paired-like homeobox 2B) mutations are found in the majority of CCHS patients. In recent years, the disorder
has evolved from a fatal neonatal onset disorder to one with broader and milder clinical manifestations affecting
children, adults, and families. In rare instances, CCHS has been linked to genes other than PHOX2B, and there
are still unidentified genes that may be to blame. Currently, therapy consists of closely monitoring the

progression of dysautonomic symptoms and providing continuous ventilator support.
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INTRODUCTION:

The term "primary alveolar hypoventilation," also known as "Ondine's curse," was first observed in a newborn
in 1970, It was defined as "alveolar hypoventilation caused by an abnormality in the central nervous system's
automatic control of ventilation," which could not be explained by any pulmonary, cardiovascular, neurologic,
or muscular anomalies. The disease was given the name Congenital Central Hypoventilation Syndrome
(CCHS) in 1978 by authors who used phrenic nerve stimulation as a treatment option?. The clinical features of
CCHS are well described: central hypoventilation caused by abnormally reduced or absent ventilatory responses
to hypercapnia and hypoxia, as well as associated autonomic dysfunction manifestations such as Hirschsprung

disease (HD) and neural crest tumors®.
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EPIDEMIOLOGY:
CCHS is a rare condition, with an estimated incidence of 1/148,000-1/200,000 live births and a prevalence of
1/500,000 people. Over 1,000 cases have been reported worldwide, although the incidence is expected to be

higher®. In France, it is thought to affect one in 200,000 live births, whereas in Japan, it affects one in 148,000°.

ETIOLOGY:

CCHS is caused by mutations in the PHOX2B gene®. The PHOX2B gene codes for a protein that is essential
during development prior to birth*. The PHOX2B protein helps support the formation of nerve cells and
regulates the process by which the neurons mature to carry out specific functions (differentiation) *. The protein
is active in the neural crest, which is a group of cells in the early embryo that give rise to many tissues and
organs®. Neural crest cells migrate to form parts of the autonomic nervous system, many tissues in the face and
skull, and other tissue and cell types®.

CLINICAL PRESENTATION:

®The following signs and symptoms may appear in new-borns with CCHS:

* Poor breathing or complete loss of spontaneous breathing, especially during sleep
» Abdominal pupils

* Inability to feed due to decreased intestinal motility and acid reflux

« Lack of or deteriorated bowel function (Hirschsprung's disease)
PATHOPHYSIOLOGY:

To maintain adequate ventilation, the respiratory load must be sufficiently addressed by ventilatory muscle
power and central respiratory drive (Figure 1A)®. In CCHS, the central drive declines more while sleeping than
while awake. As a result, the scales are tilted to the left®. Insufficient ventilation or respiratory failure will
happen if the central respiratory drive is insufficient to overcome the respiratory load (Figure 1B)°. Instead of
problems in the chemoreceptors themselves, the physiologic ventilatory control abnormality in CCHS appears to
be in the integration of chemoreceptor information to central ventilatory controllers. Ventilation in CCHS is
influenced by the degree of physical activity'®. When CCHS patients are not moving, such as when reading,
doing math problems, or playing video games, their ventilation decreases®. Severe gas exchange problems in
CCHS patients who are fully ventilator dependent’.

Breathing is a rhythmic motor behaviour driven by a central pattern generator (CPG) located in the ventral
medulla, which feeds onto the motor neurons that innervate respiratory muscles®. This respiratory neurons are

distributed in a ventrolateral column extending from the facial nucleus (nV11) to the spinal cord and subdivided
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into compartments that differ in connectivity and function”®. The best-characterized component of the CPG is
the pre-Botzinger complex (preBotC), whose oscillatory activity entrains and is an essential source of
respiratory rhythm®.

There is also a small group of neurons in the rostro-ventral medulla that represents an essential site for breathing
because it’s responsible both for a normal respiratory rhythm in the fetal and neonatal period and for the tonic
drive afforded by pCO2 throughout life”. Depending on the developmental stage and its electrophysiological
properties, this group of cells has been termed in different ways although they are a single entity: retrotrapezoid
nucleus (RTN) in the adult, parafacial respiratory group (pFRG) in the neonate, or embryonic parafacialgroup
(e-pF) in the fetus'®.

The general features of RTN are:

e  The homeobox transcription factor Phox2b is essential for the development of RTN neurons and, in
general, for the development of respiratory network.

e It has been demonstrated that the RTN area contains neurons activated by CO2 in the brain, due to
connections with central chemoceptors located in the ventral surface of medulla, near respiratory
centers. Moreover, they are likely able to sense pCO?2 level directly by themselves.

However it's important to underline that RTN neurons are not only activated by pCO2 in the brain but

also receive potent excitatory inputs from the carotic bodies and the aortic bodies, increasing its role of

chemosensory integration centre.

Ventilatory
muscle
Povwer

Respiratory
load

Respiratory Aldeguate
failure wventilation

Ve R\SOTY
musase
- onNeY

a1 e

Respiratory Aldeguate
failure ventilation

DIAGNOSIS:
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Children with CCHS develop life-threatening episodes of apnea with cyanosis, usually in the first months of
life'2. Medical evaluation excludes lesions of the brain, heart, and lungs but demonstrates impaired responses to
build-up of carbon dioxide (hypercapnia) and decreases of oxygen in the circulation (hypoxia), the two strongest

stimuli to increase breathing rate™.

Polysomnography shows that hypoventilation is most marked during slow-wave sleep®™. In the most severe
cases, hypoventilation is present during other nonrapid eye movement sleep stages and even wakefulness. A
subset of CCHS patients are at very high risk for developing malignant neural crest-derived tumors, such

as neuroblastoma.
Sequencing of the gene PHOX2B revealed mutations in 91% of the cases within a French cohort*.

As in many disorders that are very rare, an infant with this unusual form of sleep apnea suffers from the
probability that their physician has most likely never seen another case and will not recognize the diagnosis®®. In
some locations, such as France, optimal management of patients, once identified, has been aided by the creation

of a national registry and the formation of a network of centers’.

Alveolar hypoventilation caused by inadequate autonomic central control of breathing and general autonomic
dysfunction is known as CCHS®. The diagnostic process for identifying alveolar hypoventilation is shown in

below figure®.
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In CCHS, polysomnography reveals hypoventilation (hypercapnia and hypoxemia), which is most severe
during quiet sleep (or non-rapid eye movement, NREM) compared to active sleep, and is frequently more

severe during sleep than during alertness (or Rapid Eye Movement sleep, REM)®. The traditional pattern
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involves a decrease in the amplitude of airflow, tidal volume, and respiratory rate. One can see central
apnoea'. Both in the awake and sleeping modes, there are abnormally low or non-existent ventilatory
responses to hypoxia and hypercapnia®®. In order to determine the severity of hypoventilation during waking
and each stage of sleep, a thorough evaluation of spontaneous ventilation during REM and NREM sleep, as
well as during awake, should be carried out under medical supervision at the time of diagnosis™. For each
patient, these data are crucial for respiratory therapy.

TREATMENT:

There is currently no treatment for CCHS. Supportive artificial ventilation is the mainstay of treatment, and
specific ANS dysregulation symptoms must be addressed™. In particular, everyone with CCHS will require
assistance with breathing when sleeping (whether a daytime nap or night-time sleep). In extreme cases, both
while the person is awake and asleep, assistance with breathing is required (day and night)'®. For help
breathing, infants with CCHS typically need a machine called a mechanical ventilator*. By blowing air
through an airway hole created during surgery, this device aids the infant in breathing (tracheostomy)®.
Some older children and adults who only experience breathing issues while they sleep may be treated with a
machine that blows air via a mask over their nose or their nose and mouth (called non-invasive ventilation)®.
Phrenic nerve diaphragm pacers are specialized devices that can sometimes be used to help people breathe™'.
For the electrodes to be placed on the phrenic nerves, which activate the diaphragm, surgery is required*2.

The large, thin muscle that sits just below the lungs and is utilized for breathing is known as the diaphragm™.

Phrenic nerve
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The mechanism of the diaphragm pacemaker is to stimulate the nerves that move the diaphragm, drawing air
into the lungs™. A cardiac pacemaker might be required in a person with CCHS if they experience systoles,
which are prolonged breaks in a heartbeat'. Constipation can be treated with oral medications and dietary

modifications™. Surgery is required to remove Hirschsprung disease-affected sections of the bowel as well as
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neural crest cell tumors™®.
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