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New disease
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Summary

A rare syndrome of rapid-onset obesity with hypothalamic dysfunction, hypoventilation and autonomic dysregulation (ROHHAD) has been
recently described. We report the first patient with this syndrome in Southeast Asia and review reported cases to date. Our patient was
good health with normal development until the age of 2. He then developed hyperphagic obesity, hypersomnolence, seizures, alveolar
hypoventilation, central hypothyroidism, sodium and water dysregulation, gastrointestinal dysmotility, strabismus, disordered temperature
and irregular heart rate, altered sweating, delayed puberty, mental retardation and recurrent respiratory tract infections. The cardiomyopathy
with heart failure and abnormal cerebral spinal fluid (CSF) neurotransmitter analysis present in our patient have not been reported previously.
Tumours of the sympathetic nervous system are known to be associated with this syndrome but had not been found in our patient at the
time of reporting. We highlight the difficulty of achieving the diagnosis of ROHHAD syndrome and its overlap with other well-established
disease entities. The mortality and morbidity resulting from the high incidence of cardiorespiratory arrest may be prevented by early ventilatory

support.

BACKGROUND

In 1965, Fishman applied the literary misnomer ‘Ondine’s
curse’ when describing a case of late-onset primary alveo-
lar hypoventilation syndrome in the absence of primary
lung, cardiac, brainstem and neuromuscular disease associ-
ated with hypothalamic dysfunction.! This clinical entity
consisted of symptoms and signs that overlapped those
of two other disorders: congenital central hypoventila-
tion syndrome (CCHS),? which presents in the neonatal
period, and late-onset central hypoventilation syndrome
(LO-CHS), which is not associated with hypothalamic dys-
function. Studies attempting to delineate the origin of and
relationship between CCHS and LO-CHS point to a genetic
basis and both disorders can be inherited dominantly from
the mutated paired-like homeobox 2B gene (PHOX2B) that
encodes a transcription factor in the autonomic nervous
system.®® However, recent reports have described another
group of patients reminiscent of Fishman’s case and not
associated with PHOX2B mutation. This clinical spectrum
has been renamed rapid-onset obesity with hypothalamic
dysfunction, hypoventilation and autonomic dysregula-
tion (ROHHAD). Molecular studies have also found it to
be independent of the other genes involved in neuronal
development, namely brain-derived neurotrophic fac-
tor (BDNF) and its receptor tyrosine kinase receptor b
(TRKB),” as well as ASCL1 (previously called HASH-1) and
NECDIN.® Clinically, the sequence of events in ROHHAD
has been outlined as apparent normality in the first 2-4
years of life, followed by hyperphagic weight gain coupled
with decrease in height velocity, then hypothalamic and
autonomic dysregulation, change in behaviour and alveolar
hypoventilation.” ¥ We present the first case of ROHHAD
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in Malaysia and review the previously reported 52 cases,
some diagnosed as late-onset central hypoventilation with
hypothalamic dysfunction (LOCH/HD). In our patient the
results of cerebrospinal fluid (CSF) neurotransmitter assay
were consistent with mild inflammation.

CASE PRESENTATION

This 11 %-year-old Malaysian Chinese boy is the elder of
two siblings born to non-consanguineous parents with a
birth weight of 2.6 kg at full term via normal delivery. He
had a normal perinatal period.

At 3 years of age, he presented with recurrent seizures
and global developmental delay. On further interview, it
was noted that he had experienced significant weight gain
since the age of 2 and was always a ‘good’ and quiet child,
sometimes even falling asleep in the bath. EEG showed
evidence of absence seizures and cranial CT showed mild
generalised cerebral atrophy.

Seizures were well controlled with anti-epileptics until
the child was 5 years old when he presented with sta-
tus epilepticus. He required prolonged ventilation in the
paediatric intensive care unit with unsuccessful extuba-
tions on two occasions because of poor respiratory effort.
Following discharge, he was dependent on continuous
positive airway pressure (CPAP) ventilation via tracheos-
tomy for 1 month. He was subsequently hypotonic with
generalised weakness but was well enough to attend a
school for disabled children. He remained overweight and
was further admitted to hospital with intermittent but
severe unexplained abdominal distension with apparent
normal bowel habits. He was noted to have symptoms of
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obstructive sleep apnoea. Thyroid function tests revealed
central hypothyroidism and thyroxine replacement was
commenced.

At 6 Y3 years of age, he presented with fever, drowsiness
and shallow breathing. Investigations showed hypercapnia
and respiratory acidosis accompanied by radiological evi-
dence of pneumonia. He was reventilated via tracheostomy
and has since remained dependent on BiPAP ventilation 24
h/day. During this admission, his weight was recorded as
35 kg (>97th percentile). A respiratory physiological study
revealed obstructive sleep apnoea and alveolar hypoventi-
lation during sleep. He also had bradycardia and transient
Mobitz type 1 heart block. His echocardiogram was nor-
mal. Other investigations including creatine kinase, serum
ammonia, serum amino acid, urine amino and organic acid,
lactate (in both serum and CSF), CSF cultures, carnitine,
random cortisol level, electromyography, nerve conduction
studies, muscle biopsy, MRI and angiography of the brain,
chromosome analysis, methylation study for Prader—Willi
syndrome and MELAS (myeloencephalopathy, lactic aci-
dosis, stroke-like episodes) 3243 mutation analysis were
all normal. A glucose loading test showed mild elevation of
postprandial lactate at 60 min. Formal assessments by the
ophthalmologist revealed a right divergent squint, while a
hearing test was reported as normal. Co-enzyme Q,, and
a vitamin cocktail were administered for presumed mito-
chondrial cytopathy without any clear benefit.

Subsequently, the patient had eight further admissions
for recurrent upper respiratory tract infections, pneumonia
and encephalopathy secondary to CO, retention. During
one of these admissions, he had intermittent asympto-
matic sinus bradycardia with a normal echocardiogram
(ECHO). On another occasion, severe hypoxia resulted
in cardiomyopathy (left ventricular ejection fraction of
27%), pleural and pericardial effusions, ascites and pre-re-
nal impairment. These resolved with anti-failure medica-
tions and careful fluid management. Biochemical evidence
of diabetes insipidus (hypernatraemia with highest Na*
recorded as 192 mmol/l, normal serum osmolality and
low urine osmolality) with normal range urine output was
documented during another admission. This resolved with
desmopressin and fluid and electrolyte management. On
another occasion, the patient experienced an episode of
cardiorespiratory arrest after the administration of a seda-
tive. Throughout this time, he demonstrated hyperphagia
to the extent of stealing food in the middle of the night.
There was also intermittent temperature dysregulation
manifesting as both hyperthermia and hypothermia, as
well as excessive sweating.

At the time of writing he was 11 of age and remained
prepubertal. His BMI (body mass index) was 26. Follicle-
stimulating hormone (FSH) was 0.3 U/l (normal range:
0.9-15), luteinising hormone (LH) <0.5 U/l (normal range:
1.3-12.9) and testosterone <0.5 nmol/l (normal range: 8.4—
28.7), consistent with either a hypogonadotrophic hypog-
onadism or a prepubertal state. His bone age was 11 years.
Prolactin was 465 U/l (normal range: 59-619), adrenocorti-
cotropic hormone was <2 pmol/l (normal range: <49) and
thyroid function test was normal on thyroxin replacement.
Fasting lipid profile and blood sugars were normal. ECHO
and 24-h Holter monitoring were normal. MRI of the brain
and pituitary fossa showed normal pituitary and generalised
cerebral atrophy (figure 1). CSF neurotransmitter analysis
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showed the following normal metabolites: homovanillic
acid (HVA) 0.53 pmol/l, biopterin 15.3 nmol/l, 7-biopterin
1.8 nmol/l, neopterin 84.7 nmol/l and monapterin 9 nmol/l.
However, 5-hydroxyindoleacetic acid (5-HIAA) was low at
0.09 nmol/l (normal range: 0.13-0.21) but was not specific
for known neurotransmitter disorders. This may be attrib-
uted to low level central nervous system inflammation.
Sequencing of PHOX2B gene was normal.

DISCUSSION

Almost all the previously reported patients with ROHHAD
were of Caucasian and Arabic descent except for one case
each of Japanese and Indian origin. We present here the first
case of ROHHAD in the Southeast Asian population. The
rarity of the condition, the lack of specific diagnostic tests
and the likelihood of under-diagnosis may explain why no
previous cases have been reported from this region.

Although many genes involved in neuronal development
have been investigated for ROHHAD, no specific genetic
marker has been established. Nevertheless, familial cases
have been reported, suggesting that it may be a monogenic
condition.® The PHOX2B mutations implicated in CCHS
are absent in children with ROHHAD, as was also the find-
ing in our patient.

Several recent case series have examined the character-
istics and natural progression of ROHHAD. The most con-
sistent first symptom is hyperphagic obesity after the age
of 2, followed by central hypoventilation months or years
later”=? It is otherwise a heterogenous syndrome with
some children exhibiting marked endocrine involvement,’
while others have neural crest tumours early on or marked
behavioural disturbance.!® Our patient had a normal birth
and development until the age of 2. However, he did not
present with hyperphagic obesity or hypoventilation and
medical attention was sought instead for seizures and
developmental delay. Although these symptoms were pre-
viously noted common associations of ROHHAD (table 1),
they were not the focus of description or presenting fea-
tures. In addition, they were also the symptoms of many
other neurodevelopmental disorders, thus further cloud-
ing the diagnosis. It was on retrospective review that this
patient was noticed to have significant and rapid weight
gain and hypersomnolence from the age of 2. Alveolar
hypoventilation manifested more than 2 years after first
presentation. Hypothalamic dysfunction manifested at the
age of 5 and autonomic dysregulation at 6 %. This long
interval between the onset of rapid weight gain, hypoven-
tilation, hypothalamic and autonomic dysfunction, adds to
the difficulty of diagnosis and management.

The different symptoms of the constellation of symp-
toms in ROHHAD, appearing in stages, can be confused
with those of many other disorders. Many differential
diagnoses were considered in our patient even after neu-
roanatomical lesions of the central and peripheral nervous
systems together with primary lung and cardiac diseases
had been ruled out. Severe common obesity is often
complicated with obstructive sleep apnoea, hypoventila-
tion and hypersensitivity of the hypothalamic—pituitary
axis resulting in hypercortisolism, depressed sex hor-
mones, increased thryoid-stimulation hormone (TSH) and
growth hormone unresponsiveness to stimulation tests.
Nevertheless, in contrast to ROHHAD, obese children
have elevated IGF-1 levels, and thus tall stature and related
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Figure 1 MRI of the pituitary fossa showing a normal anterior and posterior (arrows) pituitary.

complications should improve with weight loss. Similar
to previously reported cases, obesity syndromes were
considered in our patient. Among them, the more com-
mon Prader-Willi syndrome shares many features with
ROHHAD. However, the absence of dysmorphic facies
and a negative DNA methylation test make Prader—Willi
syndrome unlikely. Other obesity syndromes that may
be considered include Bardet-Biedl and Alstrom syn-
dromes. Again these can be distinguished by their dis-
tinctive phenotype. Congenital leptin deficiency presents
with hyperphagic obesity and endocrine and autonomic
manifestations that closely resemble those of ROHHAD.
However, the onset of obesity in such patients is usually
in early infancy and progresses more rapidly. Our review
of reported ROHHAD cases revealed that the age of onset
of disease ranges from 0 to 9 years old but the most com-
mon age of presentation is around 2 years old. Our patient
has the clinical phenotype consistent with this; leptin level
testing was not performed as this would have been an
unnecessary expense for the family.

Consistent with the published literature, our patient had
various degrees of autonomic dysfunction (table 1). This
manifested as several episodes of symptomatic bradycar-
dia, temperature dysregulation, increased sweating, right
divergent strabismus and gastrointestinal dysmotility with
severe abdominal distensions necessitating hospital admis-
sions. These symptoms together with developmental delay
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and the multisystemic nature of the illness led to investi-
gations for neurometabolic disorders, namely mitochon-
driapathy, cerebral organic acidaemia, fatty acid oxidation
defects and neurotransmitter diseases. Mitochondrial
cytopathy is a group of heterogeneous disorders with neu-
romuscular manifestations including psychomotor retarda-
tion or regression, hypotonia, seizures, ophthalmoplegia,
autonomic disturbance, and pyramidal or extrapyrimidal
signs, resulting in considerable overlap with the symp-
toms of ROHHAD. However, children with mitochondrial
disease often fail to thrive and disease course is progres-
sive, although it can be static for long periods of time.
Investigations such as lactate, organic and amino acids,
glucose challenge, neuroradiological studies and muscle
biopsy findings may support the diagnosis. Disturbances
of autonomic regulation may also be a prominent feature
in neurotransmitter diseases. This together with ptosis,
abnormal pupillary responses, mood or personality change,
epilepsy, ataxia and other cerebellar symptoms and psy-
chomotor retardation are features of both monogenic dis-
orders of neurotransmission and ROHHAD. Indeed, it was
speculated that a deficiency of serotonin, a neurotransmit-
ter, could underlie the pathophysiology of ROHHAD!!
and clomipramine has been used in treatment because of
its function as a serotonin and norepinephrine reuptake
inhibitor.!? Although manipulation of neurotransmitters
appeared to have a beneficial effect on central apnoea, it
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was proved to be ineffective in treating the hypothalamic,
autonomic or brainstem symptoms.'” ! In contrast to
ROHHAD, neurotransmitter diseases are associated with
severe encephalopathy, intractable seizures, and abnormal
tone, posture and movements which when present are not
easily confused with ROHHAD. CSF neurotransmitter
examination was not performed in reported patients with
ROHHAD except by Nunn et al who reported a normal
result.!® We report for the first time the result of CSF neu-
rotransmitter analysis that could be consistent with mild
CNS inflammation in our patient. It remains to be seen
if this is a consistent finding in other cases or important
pathogenetically.

Searches for a neuroanatomical pathology that can
explain the symptoms of ROHHAD have not yielded
consistent findings. Reported cranial MRI pathologies
associated with ROHHAD include bilateral basal ganglia
hypodensities,!® Rathke’s cleft cyst’” ? and hypointensi-
ties in the pons and midbrain.” Hypothalamic inflamma-
tion with lymphocytic infiltrates was found in two cases
on histopathological examination, but this was associated
with tumours of the sympathetic nervous system (gangli-
oneuroma and ganglioneuroblastoma).!? 13 CT and MRI
of the cranium showed cerebral atrophy in our patient at
ages 3 and 11, respectively. Both the anterior and posterior
pituitary were reported to be normal on the MRI of the
pituitary fossa (figure 1).

Patients with central hypoventilation syndrome usu-
ally have adequate ventilation while awake but a blunted
response to hypercarbia results in hypoxaemia, necessitat-
ing artificial ventilation at night. More severely affected
patients hypoventilate both when asleep and when
awake. Our patient requires around the clock mechani-
cal ventilation via tracheostomy. From the data available
on the reported ROHHAD patients, 35 required artificial
ventilation and 16 of these required full time ventilation.
This may mean that patients with ROHHAD have the
more severe type of alveolar hypoventilation. It is also evi-
dent from the literature that cardiorespiratory arrest and
its related morbidity are common in this syndrome (table
1). Previous reports have suggested that early intervention
with nocturnal artificial ventilation may improve daytime
ventilation.' To institute this, early recognition and diag-
nosis of ROHHAD is particularly important. Patients sus-
pected of having this diagnosis need thorough respiratory
physiological studies. Apart from aggressive early ventila-
tion, it is also noted that sedation sometimes triggers res-
piratory arrest. This occurred in our patient as well as the
case reported by Nunn et al.1”

Careful investigations of the hypothalamic and auto-
nomic systems are required as is follow-up on behavioural
and developmental progress so that abnormalities can be
addressed appropriately. ROHHAD has been postulated
to be a paraneoplastic syndrome, especially when associ-
ated with tumours of the sympathetic nervous system.!?
18 15 Tt is yet unclear whether neoplasm is a cause or
effect of this syndrome. Twenty-six out of the 52 patients
reviewed had neural crest tumours at the time of report-
ing. Although initial investigations in our patient did not
reveal any tumours, regular surveillance for life is neces-
sary. Reported cardiovascular involvement in ROHHAD
included arrhythmias, blood pressure dysregulation and
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Learning points

» ROHHAD is a heterogenous syndrome with presenting
features that mimic many other diseases.

» The cause of the disease is unknown.

» We present for the first time changes in CSF
neurotransmitters and discuss their relevance to
pathogenicity.

» The complication of cardiomyopathy with heart failure
has not been previously reported.

right ventricular hypertrophy secondary to cor pulmonale.
Our patient had cardiomyopathy complicated by heart
failure. This resolved with time and we postulate it to be
due to a hypoxic event. Vigilant surveillance of cardiac
function forms an important part of management.

Improved awareness and better understanding of the
natural history and outcome of ROHHAD not only guide
management of the physical abnormalities, but can also
facilitate the counselling process which sometimes is cen-
tral to providing optimal patient care.

Competing interests None.
Patient consent Obtained.
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