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ABSTRACT

Background: ROHHAD syndrome (rapid-onset obesity, hypoventilation, 
hypothalamic dysfunction, and autonomic dysregulation) is an extremely 
rare disease in children. This article describes the clinical features, laboratory 
findings, imaging results, and treatment of a case of ROHHAD syndrome with 
ganglioneuroma.
Case Report: An 8-year-old girl in Covid-19 pandemic was admitted to our 
emergency department due to dyspnea, cyanosis, and respiratory distress. She 
had a history of close contact with his father (a case of covid 19) prior to hospital 
admission. Spiral chest CT scan of the patient revealed bilateral ground-
glass opacities and also a right paravertebral mass. She had a history of rapid 
onset morbid obesity that had started 2 years ago. Furthermore, she had sleep 
disturbances and hypoventilation, electrolyte imbalance, polyuria and enuresis, 
irritability, and impulsivity. She was diagnosed as a case of ROHHAD syndrome 
based on her clinical manifestations. She was also diagnosed as a case of SARS-
COV-2 infection. The paravertebral mass was resected which pathology was 
consistent with ganglioneuroma. 
Conclusion: Because of the high prevalence of morbidity and mortality in ROHHAD 
syndrome and accompanying neural crest tumors, early diagnosis of this syndrome 
should be kept in mind. It is essential to pay attention to the cases with rapid onset 
obesity associated with hypoventilation to prevent severe complications.
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Introduction
ROHHAD syndrome (rapid-onset obesity, hypothalamic 
dysregulation, hypoventilation, and autonomic 
dysregulation) is a rare and complex disease that presents 

early in childhood, usually in previously normal children. 
The syndrome features progress over months to years.1 
The first case compatible with the ROHHAD syndrome 
was described in 1965 in a 3½-year-old boy.2 According 
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to the literature, about 100 children worldwide affected 
by ROHHAD syndrome have been reported by 2021.3

The diagnosis of ROHHAD syndrome is based 
on clinical criteria so that the other disorders with 
overlapping features, including congenital central 
hypoventilation syndrome (CCHS) and Prader-Willi 
syndrome should be ruled out.1 The diagnostic criteria for 
the ROHHAD syndrome are: 1) rapid onset and extreme 
weight gain after 18 months of age (usually after 2-7 
years) in a previously healthy child; 2) hypoventilation; 3) 
evidence of hypothalamus dysfunction (at least one of the 
following: hyperprolactinemia, central hypothyroidism, 
water imbalance, failed growth hormone stimulation test, 
corticotrophin deficiency, or altered onset of puberty); and 
4) features of autonomic dysregulation.4 Moreover,40-56% 
of the cases may be accompanied with neural crest tumors 
such as ganglioneuroma and ganglioneuroblastoma;3, 5 
in that case the syndrome is titled as ROHHAD with 
neuroectodermal tumors (ROHHAD-NET) syndrome.6 
The etiology of ROHHAD syndrome has not been 
determined yet.7 Management of the children with 
ROHHAD-NET syndrome is conservative and best is 
conducted by a multidisciplinary team.6

Herein, we describe a case of ROHHAD syndrome 
with ganglioneuroma from Iran, diagnosed two years 
after the onset of the obesity following a respiratory 
decompensation due to SARS-COV-2 infection. 

Case Report
An 8-year-oldgirl in Covid 19 pandemic was referred to 
our hospital with fever, cough, dyspnea, and respiratory 
distress. Vital signs on arrival were as follows: heart 
rate of 85 beats/min, respiratory rate of 30 /min, blood 
pressure of 100/65 mmHg, and axillary temperature 
of 38.5°C. O2 saturation was 55-60% in room air that 
reached 94% by rebreather mask. She had respiratory 
distress with tachypnea and intercostal retractions. On 
auscultation of the lungs, wheezing and rhonchi were 
heard. Her weight was 65 kg (>95th percentile) with a 
height of 123 cm (10th percentile), and her BMI was 42.96 
Kg/m2 (>95th percentile). A moon face, buffalo hump, and 
acanthosis nigricans in the posterior neck was remarkable 
in physical examination. She was in the pubertal stage 
of P1B3.

She was the first child of an unrelated, healthy young 
couple without a history of hospital admission. The 
patient had normal growth and development until the 
age of 6, when she developed rapid onset morbid obesity; 
she had gained 38 kg during the last two years. She was 
advised to have strict caloric intake and exercise with no 
response. Furthermore, she had experienced episodes of 
hyperactivity, impulsivity, sleep disturbance, nocturnal 
enuresis, and polyuria.

Laboratory results showed a mild normochromic 
normocytic anemia along with lymphopenia (Blood pH: 
7.47, Pco2: 88 mmHg, Po2: 75 mmHg, Hco3: 45 mEq/L 
(while receiving supplementary O2) with elevated CRP of 
4 mg/dL). Biochemistry tests were within normal range.

Spiral chest CT scan of the patient revealed bilateral 
ground-glass opacities (Figure 1). Furthermore, a round 

mass measuring 50×40×30 mm in the right paravertebral 
area was observed. (Figure 2). Additionally, there were 
evidence of a moderate pulmonary hypertension and 
a mild systolic LV dysfunction in echocardiography. 
Meanwhile, pulmonary angiography was performed 
which showed a pulmonary arterial pressure of 36 mmHg, 
that appropriate treatment was started for the patient.

Considering the patient’s symptoms, lymphopenia, 
hypoxia, and close contact with her father who had 
positive PCR test for SARS-COVID-19, she was admitted 
to pediatric ICU with the diagnosis of Covid-19 disease. 
She was treated according to our national guidelines.8 
As she was still hypoxic and hypercapnic, noninvasive 
ventilation was started. Blood gas was within the normal 
range in 48 hours.

Seven days later, she underwent thoracotomy for the 
paravertebral mass that the pathology was in favor of a 
mature ganglioneuroma.

Figure 2: A right paravertebral mass measuring 40x30x15 mm 
at level of T9-T11 in an 8-year-old girl with rapid onset obesity

Figure 1: Bilateral subpleural ground-glass opacities and 
consolidation in left lower lobe in an 8-year-old girl with 
ROHHAD syndrome, suspected to be complicated by SARS-
COV-2 infection.
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Due to the history of hypoventilation and the history 
of significant weight gain, a preliminary diagnosis of 
ROHHAD syndrome was made which was precipitated 
with a respiratory infection (Figure 3). Genetic testing for 
evaluation of mutations in PHOX2B (the disease-defining 
gene for congenital central hypoventilation syndrome) 
came up negative.

Laboratory tests including serum adrenocorticotropic 
hormone, cortisol, thyroid hormones, thyroid-stimulating 
hormone, and insulin were all analyzed in the patient.

The child was discharged two weeks later with 
noninvasive ventilation. On follow-up, the patient’s 
condition remained stable for six months. She needed 
BiPAP machine for about 20 hours a day. The level of 
SpO2 and Paco2 during the day and night remained 
within the normal range.

Discussion
The present case was an 8-year-old girl that according 
to the history of rapid onset morbid obesity, hypoxia and 
hypoventilation and electrolyte imbalance was diagnosed 
with ROHHAD syndrome. The neuroectodermal tumor 
(ganglioneuroma) of the posterior mediastinum was in 
favor of ROHHADNET syndrome in the patient.

ROHHAD syndrome is an extremely rare disorder 
worldwide; 100 cases of which have been reported so far.3

Table 1 summarizes the characteristics of the Iranian 
cases reported with ROHHAD syndrome.

Hypoxemia has been estimated to be the most common 
presentation at the time of diagnosis of the syndrome.11 
However, respiratory distress in our patient was 
triggered by a viral infection (COVID-19). The alveolar 
hypoventilation observed in about half of the patients 
with ROHHAD syndrome should be managed with 
ventilator support.11 Indeed, appropriate management 
with noninvasive ventilation may improve the quality of 
life and prevent complications.1 Interestingly, all the cases 
reported from Iran needed ventilator support. It needs to 
be emphasized that early diagnosis and management of 
the disease would be associated with a better outcome.

ROHHAD syndrome is more than twice as prevalent in 
females.11 Moreover, there was a female predominance 
in the cases with ROHHAD-NET syndrome reported 
from Iran.

The most common type of neuroendocrine tumors 
seen in ROHHADNET syndrome are ganglioneuroma/
ganglioneuroblastoma.11 Our patient had a posterior 
mediastinal ganglioneuroma confirmed by histopathology. 
Two of the 4 cases reported from Iran also displayed 
the neuroendocrine tumor on imaging studies. This is 

in accordance with the other studies showing about 50% 
association of ROHHAD syndrome with neuroendocrine 
tumors.1 In those two cases with NETs, the syndrome 
was diagnosed 1-2 years after the onset of the disease.9, 10

Interestingly, in the majority of the cases of 
ROHHADNET syndrome, the tumor was discovered after 
about 2 years of the onset of the obesity.1 It is explained 
that may be in follow-up visits the NET tumors are 
discovered. Hence, an annual imaging study of patients 
with ROHHAD syndrome is highly suggested.

Pulmonary hypertension; an extremely rare complication 
of ROHHAD syndrome,11 was detected in our patient. 
There are few reports of pulmonary hypertension in 
ROHHAD syndrome in children.10, 12, 13

Hypercarbia and hypoxemia which lead to progressive 
inadequate ventilation in these cases, may be responsible 
for the poor prognosis of ROHHAD syndrome.6 It seems 
that long-term outcome and prognosis of the patients with 
ROHHAD syndrome is undetermined, specifically that 
there is not any report of ROHHAD syndrome reaching 
adulthood.7

Conclusion
ROHHAD syndrome is a rare disorder with autonomic 

Figure 3: 8-years-old girl, diagnosed with ROHHAD syndrome

Table 1: characteristics of the Iranian cases reported with ROHHAD syndrome
Gender Index case Case 19 Case 210 Case 310

Female Female Female Male
Age at onset of the obesity (years) 6 4 3 2
Age at diagnosis (years) 8 5 10 8 
Neuroectodermal tumors + + - -
Pulmonary hypertension + - - +
Treatment BiPAP Mechanical 

ventilation
Mechanical ventilation 
BiPAP

Mechanical ventilation 
BiPAP
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dysfunction associated with significant morbidity and 
mortality. NETs may accompany 40-56% of the ROHHAD 
syndrome cases. It is essential for pediatricians to pay 
more attention to children with rapid onset obesity and 
hypoventilation episodes in order to early diagnosis of this 
rare entity. Systematic follow-up and multidisciplinary 
management with the aim of improving prognosis 
and life expectancy is seriously advised in cases with 
ROHHAD-NET syndrome, since early management 
would ameliorate the complications.

Conflict of Interest: None declared.
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