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Abstract
Rapid-onset Obesity with Hypoventilation, Hypothalamic Dysfunction and Autonomic Dysregulation is a rare and complex pediatric syndrome with unknown etiology. 

The disease hallmark is sudden and severe obesity in early childhood, with a later onset of central hypoventilation, responsible for high mortality.

We present the case of a 2.5-year-old boy with sudden weight gain starting after 12 months of age (18 kg in a year) and hypoventilation in the setting of acute 
nasopharyngitis, requiring Non-Invasive Ventilation (NIV) initiation. Additionally, he presented symptoms and signs of autonomic disturbance, neurodevelopmental delay 
and behavior disorders. High prolactin, leptin and insulin were also present. Despite periodic adjustment of settings and adherence to NIV and great efforts to control food 
intake, he remained morbidly obese and died during an infectious intercurrence at 6 years of age.

This case illustrates the challenging diagnosis and treatment/management of this rare syndrome, which can have a variable and not always complete presentation 
and has no specifi c diagnostic test available. Identifying hypoventilation and NIV treatment is essential to decrease morbimortality. However, most patients do not live 
past ten years old.
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Introduction

Rapid-onset Obesity with Hypoventilation, Hypothalamic 
Dysfunction and Autonomic Dysregulation (ROHHAD) is a rare 
and complex pediatric syndrome, with only about 150 described 
cases worldwide [1-3]. 

The clinical timeline of the disease is variable. Usually, it 
starts as rapid-onset obesity in early childhood (between 18 

months and 7 years old), followed by hypothalamic dysfunction, 
hypoventilation and Autonomic Nervous System Dysregulation 
(ANSD) [4-6].

Hypothalamic dysfunction can manifest as insipid 
diabetes, hypothyroidism, hypercortisolism, Growth Hormone 
(GH) defi ciency, precocious puberty, hypogonadotropic 
hypogonadism and hyperprolactinemia; and ANSD as 
dysregulation of body temperature, sweating and pain 
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perception, ophthalmologic manifestations, gastrointestinal 
dysmotility and syncope [4].

The etiopathogenesis is unknown and no specifi c diagnostic 
test is currently available, making prompt diagnosis diffi cult, a 
cause for concern due to the high morbidity and mortality rates 
associated with this condition [4].

Case description

We present the case of a 2.5-year-old boy with  weight 
gain starting after he was 12 months old, with dramatic rapid-
onset obesity from 18 months of age (gain of 18 Kg in 12 
months), and hypoventilation identifi ed in the setting of acute 
nasopharyngitis.

He was the second son of a 30-year-old morbidly obese 
mother. His sister was diagnosed with Wolff-Parkinson-
White syndrome and his maternal grandparents had 
metabolic syndrome. Some social risk factors were identifi ed, 
corresponding to a socio-economic class IV family (Adapted 
Graffar Scale classifi cation [7]).

He was a term newborn, with 3230g (50th percentile) and 
50.5cm (50th-85th percentile). There was no relevant medical 
history until he was 10 months old, when he had two episodes 
suggestive of focal seizure, with no evidence of paroxysmal 
activity on the electroencephalogram.

At 2.5 years of age, he was admitted to the emergency 
department after presenting two apnea episodes during acute 
nasopharyngitis. He exhibited type 2 respiratory insuffi ciency 
(pH 7.29, PaO2 55 mmHg, PaCO2 64 mmHg, HCO3

- 30.7 mmol/L), 
requiring Non-Invasive Ventilation (NIV) initiation. 

Severe obesity was notorious: weight 33 Kg (z-score +9.37), 
height 97 cm (z-score +1.33), and body mass index (BMI) 35.07 
Kg/m2 (z-score +11.99) (Figures 1,2). There was signifi cant 
hyperphagia and multiple eating errors. 

He also presented snoring, insomnia and symptoms and 
signs of ANSD (strabismus, excessive sweating, decreased pain 
sensitivity, cold hands and feet and low heart rate variability 
during nocturnal oximetry). 

Additionally, there was a developmental delay (with 
language regression), intellectual disability and behavioral 
changes/disorders, namely frequent irritability, auto and 
hetero aggression and diffi culty walking due to obesity.

The analytical panel showed hyperprolactinemia (26.0 ng/
mL), hyperinsulinism (60.8 uIU/mL), and high leptin levels 
(63.3 ng/mL), with no other endocrinologic or ionic imbalance 
(e.g., thyroid and adrenal functions were normal, there was 
no GH defi ciency nor hypogonadotropic hypogonadism or 
dysnatremia was found). 

Nocturnal polysomnography was inconclusive due to NIV’s 
dependence to initiate and maintain sleep (he could not fall 
asleep without NIV); however, transcutaneous CO2 monitoring 
was higher than 50 mmHg during awake periods without NIV. 

The genetic study conducted was negative for Angelman 
and Prader-Willi syndromes. The absence of PHOX2B mutation 
ruled out Late-Onset Congenital Central Hypoventilation 
Syndrome and the array-based comparative genomic 
hybridization was normal.

No arrhythmia or atrial-ventricular conduction anomalies 
were detected in the cardiovascular Holter study and the 
echocardiogram was normal.

Brain Magnetic Resonance Imaging (MRI) was conducted, 
and no parenchymal or hypothalamic-hypophysis alterations 
were evident. Thoracic-abdominal MRI excluded signifi cant 
anomalies and, specifi cally, neural crest tumors. 

During the following three years, the patient continued 
severely obese, despite all efforts from the multidisciplinary 
team (Figures 2,3). Between 42 and 52 months of age, the weight 
was stabilized (due to better compliance with the prescribed 
nutritional diet, as he was institutionalized in a continuous care 
unit) with a concomitant increase in height. At 5 years and 9 
months old, he weighed 75 Kg (z-score +13.51), was 122 cm tall 
(z-score +1.47) and had a BMI of 50.39 Kg/m2 (z-score +17.14) 
(Figure 4). Ventilation settings were periodically adjusted and Figure 1: Visible obesity and strabismus at 2.5 years old.

Figure 2: Evolution of weight z-score according to WHO child growth standards 
(WHO AnthroPlus software [20]).
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there was good adherence to NIV during sleep. Development-
enhancing therapies were offered, with some improvements. 
Endocrine and metabolic disturbances were routinely and 
periodically investigated.

Ultimately, at 6 years of age, the patient died at home 
during the night, with NIV, a few hours after two episodes of 
diarrhea and a fever spike. The medico-legal autopsy ruled the 
death of natural causes, excluding violent death. However, it 
was impossible to investigate ionic or endocrine disturbances 
further. 

Discussion

Extreme childhood obesity is a severe global health problem 
with a rising prevalence [8,9]. This case refl ects the importance 
of valuing cases of syndromic obesity and the clinician’s need 
to consider secondary causes when evaluating children that 
present early, severe and sudden obesity that is hard to control. 
ROHHAD syndrome must come to mind in these situations 
and the other features described in the acronym should be 
investigated [10]. The fact that the mother was morbidly obese 
could be a confounding variable in this case.

The diagnosis is clinical, as there is still no identifi able 

genetic cause. Nevertheless, excluding other genetic causes 
that imply morbid/extreme obesity is obligatory [11].

Severe obesity in early childhood and hyperphagia is often 
the fi rst recognizable sign of the disease. Generally followed 
by hypothalamic and autonomic dysfunction and typically after 
that, hypoventilation, seizures and behavioral changes [12]. 

However, the clinical presentation is heterogeneous and 
variable in severity and timing. Some cases have marked 
endocrine involvement, while others exhibit more prominent 
behavioral disturbances [4], as seen in this patient.

Sleep-Disordered Breathing (SDB) can be seen after the 
onset of obesity and the obstructive component of  SDB due to 
obesity typically precedes the central one [3,13,14]. In this case, 
suspending the NIV during the nocturnal polysomnography 
was impossible and therefore, it was hard to characterize SDB. 

Hyperprolactinemia was evident in the presentation of this 
case. It has been reported as a frequent fi nding, with a systematic 
review describing it in 96% of patients with ROHHAD [15]. 
Therefore, this diagnosis should also be considered in patients 
with early-onset obesity and hyperprolactinemia without any 
structural abnormality in neuroimaging. 

Insulin and leptin resistance, as seen in this patient, 
glucose dysregulation with impaired glucose tolerance, 
diabetes mellitus, hypertriglyceridemia and fatty liver disease 
have been described in ROHHAD cases [4,10,15,16]. Plasma 
leptin concentrations were depicted as comparable with those 
observed in obese children of comparable BMI [11], with the 
presence of high levels previously reported [10,17].

Other manifestations include behavioral problems, 
developmental delay, regression and seizures [2,4], which 
were present in this case. Seizures may be related to episodes 
of hypoxemia due to inadequate ventilation, but despite what 
is reported, in this case, the epileptic seizures happened before 
the rapid weight increase. 

In ROHHAD cases, excluding cardiac pathology and 
Neuroendocrine Tumors (NET), such as neural crest tumors 
(ganglioneuroblastomas and neuroblastomas), is mandatory. 
These entities are described in almost 40% - 50% of ROHHAD 
patients [14,15], justifying the extension of the original acronym 
to ROHHAD-NET [18]. Nevertheless, there are currently no 
agreed recommendations regarding the frequency of screening 
with whole-body MRI scans, plasma metanephrines, and 
urinary catecholamines [15].

A poor prognosis is associated with this condition, 
with high morbidity and 50% – 60% mortality [19]. Most 
patients, as happened in this case, do not live past the age 
of ten [12], with a few case reports of patients that reached 
adulthood [10]. Central hypoventilation is responsible for 
progressive inadequate ventilation, and its combination with 
dysautonomia carries a high risk of sudden death [14], making 
NIV essential to prevent morbimortality. A cardiorespiratory 
arrest is the leading cause of death [19] and infections [10] 
or ionic imbalances can potentiate it. This reinforces the 

Figure 3: Evolution of body mass index z-score according to WHO child growth 
standards (WHO AnthroPlus software [20]).

Figure 4: Notorious obesity and strabismus at 5 years and 9 months old.
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recommendation to perform a blood gas analysis in the 
presence of infectious/gastrointestinal complications, as there 
may be ionic imbalances or carbon dioxide retention without 
the clinical signs of respiratory distress. Possibly, in this case, 
the fatal outcome of cardiorespiratory arrest might have been 
precipitated by ionic imbalances in an infectious context, with 
fl uid loss due to diarrhea. 

In conclusion, this case illustrates the challenging diagnosis 
and management of ROHHAD syndrome, for the variable and 
not always complete presentation in time. The diagnostic 
and therapeutic approach was especially diffi cult in this case 
due to changes in behavior and social context, expressing the 
importance of ensuring multidisciplinary management in the 
long-term follow-up of these patients.
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