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Acute progressive weight gain, 
impending apnea and more.



The Case

History -

● M. is a Generally healthy 4 years old boy.

● Rapid weight gain in the last 6 months. 

● Referred urgently to the ER after an SMA showed 

Hypernatremia of 182 mEq/L

Physical -

● The child was well appearing, severely overweight, easily 

irritated. 

● Elevated BP, Mild Tachycardia, slow pupil response to light.  



Length/height-for-age



Weight For Age





SMA

Na+ : 177
K+: 4.33
Urea : 62
Creatinine : 1.17
Uric Acid : 10.7

● CBC – Normal.

● V. Blood Gases –PH – 7.36, PCO2 -45, Bicarb - 23.

● Urine Electrolytes –NA+ 154.7, Osmolarity 934.



●To note –
●hypoventilation and bradypnea 
during light sedation with midazolam 
while acquiring blood test



Rapid Obesity Causes
1. Endocrine



Rapid Obesity Causes
2. Genetic



DDx



Hypernatremia

Low water intake

Urine Osmolarity: 
934

Plasma Osmolarity : (2 x (Na + K)) + (BUN / 2.8) + (glucose / 18): 
375



Google it !



Connecting The Dots

● Rapid Obesity

● Hypothalamic Dysfunction - Impaired 

hunger and thirst mechanisms

● Autonomic Dysregulation - Hyperhidrosis 

+ Tachycardia + Cold extremities

ROHHAD 
Syndrome



ROHHAD

Rapid 
Obesity

Hypoventilation
(central)

Hypothalamic 
Dysfunction

Autonomic 
Dysregulation



Central Hypoventilation Syndromes

Congenital Central 
Hypoventilation 

Syndrome
(CCHS)

Late Onset Central 
Hypoventilation

Late Onset Central 
Hypoventilation 

Syndrome 
(LO-CHS)

Rapid obesity, Hypothalamic 
dysfunction, Hypoventilation 
and Autonomic Dysregulation 

(ROHHAD)



Genetics of Central 
Hypoventilation

● All about the PHOX2b (paired-

like homeobox 2B gene).

● Located on chrom. 4p12

● The PHOX2B gene is expressed 

in both CNS and PNS. 

● The retrotrapezoid nucleus 

(RTN)

● Hirshprung, Cardiac and 

ophthalmic



ROHHAD Syndrome - History



ROHHAD
Large Case Reviews

2008

13 Cases
PHOX2B, ASCL1, 

and NECDIN

2007

15 Cases
PHOX2B, NTRK2 

and BDNF



ROHHAD
Methods

● 23 identified of them 15 children had comprehensive 
medical charts and were included. 6 male subjects and 9 
female subjects. 

● Criteria: 
● onset of alveolar hypoventilation after the age of 2 years (a must!!) and evidence of HD, as 

defined by 1 of the following findings
● Rapid onset obesity

● Hyperprolactinemia

● central hypothyroidism

● disordered water balance

● failed growth hormone stimulation test 

● corticotropin deficiency

● delayed or precocious puberty.

● 9 had respiratory studies as well.
● 15 were genetically tested for PHOX2B and 11 for candidate 

genes NTRK2 and BDNF. 



1.Hypothalamic Dysfunction 

Study M.

Finding Rate Presenting

Rapid-onset obesity 15 patients
(100%)

12 patients
(80%)

Failed growth hormone 
stimulation test

9; (60%)

Hypernatremia 7; (46%) 2; (13%)

Polydipsia 8; (53%) 1; (6%)

Hyperprolactinemia 7; (46%)

Hyponatremia 4; (26%)

Hypodipsia 4; (26%)

Finding

Rapid-onset obesity

Failed growth hormone 
stimulation test

Normal 
GH, Low 

IGF1.

Hypernatremia

Polydipsia

Hyperprolactinemia

Hyponatremia

Hypodipsia



Rapid-onset obesity

Study M.



Finding Rate

Alveolar 
hypoventilation

15 patients
(100%)

Cardiorespiratory 
arrest*

9; (60%)

Reduced carbon 
dioxide ventilatory 

response*

9; (60%)

Obstructive sleep 
apnea

8; (53%)

Cyanotic episodes 4; (26%)

24-hour/day 
artificial

Ventilation*

7; (46%)

2. Respiratory Manifestation

Study M.

Finding Rate

Alveolar 
hypoventilation

NO

CXR Normal

Polysomnograph

y

Normal

continuous SAT. 

monitoring 

Normal

Hypoventilatory 

response to 

anesthesia



Finding Rate

Ophthalmologic:
- Pupillary dysfunction
- Strabismus

13 patients (86%)
7; (46%)
8; (53%)

Thermal dysregulation 11; (73%)

Gastrointestinal 
dysmotility

10; (66%)

Neural crest tumors 5; (33%)

3. Autonomic Dysregulation

Study M

Finding Rate

Ophthalmologic:
- Pupillary dysfunction
- Strabismus

Cold extremities 

Thermal dysregulation ?
Gastrointestinal 

dysmotility

Neural crest tumors



4. Developmental Disorders

5. Behavioral Disorders

Finding Rate

Developmental Delays 3; (20%)

Developmental Regression 3; (20%)

Finding Rate

Developmental Delays 8; (53%)



ROHHAD
Timeline



ROHHAD
Genetic Testing

● None of the tested children with the LO-

CHS/HD phenotype had a CCHS-related 

mutation in the PHOX2B gene.

● No novel or rare variants were identified in 

the coding regions of either NTRK2 or BDNF 

for these patients.



Initial Evaluation 

● Evaluation of the 

hypothalamic-pituitary axis

● Respiratory physiologic 

assessment

● MRI or computed tomographic 

- chest and abdomen.

● Water deprivation tests- if 

indicated

● Brain imaging

● Serial respiratory assessment at 

3- to 6-month intervals.

● Chest and abdominal imaging 

every 12 to 18 months. 

▪ If no tumor is identified in 10 

years, then it would be 

reasonable to decrease the 

frequency of imaging to every 2 

years.

Follow up



Back To our Case
Pulmonary Hypothalamic Autonomic Other

Hypoventilatory response 
to anesthesia

Rapid obesity –Weight: 3 
SD above 97% BMI.  
Height: 50% Perc.,
Hyperphagic

Sinus Tachycardia 
alternately. Normal ECG 
holter and ECHO.

Metabolic syndrome –
elevated trig, elevated BP. 

CXR: Normal Hypodipsic/Hypernatremic Abnormal pupil response 
to light

Severe caries

Polysomnography :OSA, no 
hypoventilation 

High TSH (around 6) 
Normal fT4

Recurrent fever with no 
apparent source

Adequate ventillatory 
response to stress test

Normal continuous SAT 
monitoring

Hyperprolactinemia – 932 
(upper limit 15).

Hyperhidrosis

Normal synacthen test, 
Normal 24h urine cortisol.

Cold extremities

LH, FSH adequate for age. NO tumors on 
Chest+Abdomen CT.
Negative urine 
catecholamine.

Low IGF, Normal GH.  

Normal brain MRI



Correspondence

● Prof Debra Weese-Mayer -

“we suspect that your patient is early in his ROHHAD course.” 

Recommended continuous home monitoring during sleep, 

more frequent PSG (monthly).

● Prof. David Gozal

“OK to treat him as ROHADD with the concern that he may 

develop the ventilatory problems unexpectedly”

PSG at least every 6 months



M. - Further Follow up

1. Endocrinology and Pulmonary FU.

2. Repeat Polysom. In 3 months.

3. Repeat urinary Catecholamines in 3 

months. 

4. Continuous Pulse oximetry during sleep

5. Strict hypocaloric diet

6. Strict hydration regime

7. Social assistance



Possible Pathogenesis
1. Genetic

● paired-like homeobox 2B [PHOX2B], brain-derived 
neurotrophic factor [BDNF], tyrosine kinase receptor B 
[TRKB], achaete-scute complex–like 1 [ASCL1], Necdin 
[NDN], 5-hydroxytryptamine receptor 1A [HTR1A], 
orthopedia [OTP], and pituitary adenylate cyclase 
activating polypeptide [PACAP] – ALL NEGATIVE.

2. Paraneoplastic
● Neural crest tumors
● Similarly to what happens in opsoclonus myoclonus 

syndrome. 
● Chronicity problem.

3. Auto-Immune
● Evidence?



I – Pathological + Anatomical 

“On microscopic examination, the brain 
showed a diffuse, lymphocytic infiltration
within the hypothalamus, thalamus, and 
around the periaqueductal gray tissue of 
the midbrain and pons and around the 

fourth ventricle”

1.

2.



II – Biochemical/Immune -
Oligoclonal Bands in CSF

I.

II.



“There was no immediate or drastic 
improvement during treatment with 
immunoglobulins, but her behavioral 
problems improved, an effect that was 
repeated when immunoglobulins were 
administered for a second time.”

Possible Treatment? - I
● IVIG 



A. Possible Treatment? - II

Within 2-3 weeks from the initiation 
of therapy, the patient improved

Worsening Under cyclophosphamide 
and tapered prednisone

Improvement after high dose 
cyclophosphamide 



Possible Treatment? – The Against

Case 1
“The hypothesis of a complex hypothalamic dysfunction (HD) of 
paraneoplastic origin prompted treatment with immunosuppressive 
therapies (Ig IV, corticosteroids) that proved unsuccessful. “

Case 2
“The possibility of a complex HD of paraneoplastic origin prompted 
initiation of sequential immunosuppressive therapies (Ig IV, 
corticosteroids, cyclophosphamide) which failed to produce any 
improvement.”



Should We Treat?

● No definitive diagnosis or pathogenesis

● Small number of patients

● Reported failed attempts

● Aggressiveness of disease

● Cost-Effectiveness issues



Take home messages

● Potentialy fatal and probably under 

diagnosed. 

● Gradual appearence of symptoms

● Etiology yet to be descovered 

● Though not curable, greatly manageable 

● Requires constant follow-up



Many thanks!

Dr. Dorit Ater

Dr. Avigdor Mandelberg

Prof. Ilan Dalal




