
Supplementary clinical information      
 

Patients 1-I and 1-II 

The proband and her younger brother (Figure 1) were reported by Chitayat et al. in 1990.The brother 

(Patient 1-II) passed away in infancy, but the proband (Patient 1-I) is living and is 35 years of age. She 

was noted to have growth hormone (GH) deficiency in childhood and had replacement therapy which 

was discontinued once she reached puberty. She has had secondary hypothyroidism and her thyroid 

hormone replacement continues. She has been amenorrheic throughout her life. At 35 years 3 months, 

the patient’s height is 157 cm (10 centile), weighs 41.2 kg (< 3 centile) and her head circumference is 

53 cm (10 centile). Her BMI is 19.4. 

Her clinical course over the years has been punctuated by recurring episodes of respiratory 

complications, and she was hospitalized on two occasions for consequences of acquired bronchiolitis 

obliterans with organizing pneumonia requiring long term treatment with prednisone 5mg/kg/day 

which was tapered over several months. 

She is fully ambulatory with a substantial receptive language but very little expressive language relying 

on signing for communication. She has not had formal neuropsychological assessment, but her level of 

functioning is consistent with moderate intellectual disability. She was initially suspected of having 

cortical blindness and this resolved by the age of 2. She currently has good visual acuity, although not 

formally tested, and is able to seek out and retrieve small objects when requested.  

Her major co-morbidities over the years included sleeping problems with abnormal circadian rhythm 

and a persistent anxiety with obsessive features and preservative behavior and when frustrated she will 

act out by pinching her caregivers. She is on risperidone [2.5 mg/day] with benztropine 1 mg bid. This 

ameliorated her sleep and behavioral problems. Her appetite is fair and not ravenous but she cannot eat 

solids and all food items should be puréed or she will choke. She has had several teeth caped for dental 

issues and requires sedation for dental cleanings. She displays her hunger by periods of irritability. She 

does not tolerate cold food items such as ice cream. She sleeps in a semi-upright position and has a 

chronic cough. She has not had any cardiac or circulatory issues, or urinary tract infections. She has 

gastroesophageal reflux treated with raberprazole sodium (20 mg/day) and domperidone (10 mg qd). 

She also has chronic constipation. 



In 2009 she was re-studied because of the availability of microarray testing, and the result, using an 

Affymetrix Cytoscan HD Array, was normal and female.   

In the interval since this family was reported, we obtained additional clinical details about two other 

presumably similarly affected distant cousins these individuals are detailed in an expanded pedigree 

(Supplementary Figure 5). A first cousin of the proband’s father died at four a half months of age of a 

presumed respiratory disorder. The clinical features were very similar to those that were seen in 

patients 1-1 and 1-II. A first cousin of the proband’s paternal grandmother was diagnosed with 

“amyoplasia” and died at the age 7 of unknown causes. Two more distantly related affected family 

members were also reported. 

Patient 2-I 

This 11-year-old girl (Figure 1) was born to a then 23-year-old G2P1A1L1 mother and a 25-year-old 

father. The couple was non-consanguineous and of French-Canadian descent. The pregnancy with the 

patient was uncomplicated and there was no history of maternal diseases, exposure to teratogens or 

ultrasound abnormalities. Delivery was at 38 WG, vaginal and uncomplicated. Her weight was 2.665 

kg (10th centile), her height was 50 cm (50-90th centile) and her head circumference was 33 cm (10-50th 

centile). The neonatal course was complicated with hypotonia, apneic episodes, jaundice requiring 

phototherapy and milk protein allergy. Neonatal reflexes were difficult to elicit. On physical 

examination she had a “boxy” skull and her anterior fontanelle was large and measured 2.5 X 2.5 cm. 

She had a short and flat forehead, a ridge over the metopic suture, deep set eyes, and depressed nasal 

bridge, a short and broad nasal root and tip with anteverted nostrils, retrognathia with a square chin and 

a horizontal groove over the chin. Both hands were clenched with overlapping fingers and held in ulnar 

deviation. There were bilateral single palmar creases and the fingers were long and broad. Both hips 

showed limitation in abduction and other joints had normal range of movements.  

Neonatal brain computerized tomography revealed intraventricular, subarachnoid and subdural 

hemorrhages. Brain MRI revealed mild myelination delay, large subarachnoid spaces and normal 

pituitary gland. EEG and EMG studies were normal. Echocardiography showed a patent foramen ovale 

and abdominal ultrasound was normal. Urinary oligosaccharides and glycosaminoglycans and 

transferrin isoelectric focusing were all normal.  



At 4 months of age she presented with an episode of rhythmic movements of the limbs. At arrival to the 

emergency room her blood glucose level was 2.2 mmol/L. She was noted to be delayed, unresponsive 

and was not crying for food. She had poor eye contact and was diaphoretic. She suffered recurrent 

episodes of hypoglycemia, with critical samples taken on 3 occasions. Workup including blood gases, 

lactate, pyruvate ammonia, and TSH levels were all normal. Urine organic acid, plasma acylcarnitine 

and plasma amino acid analyses were normal. She was found to have mild hepatomegaly. Insulin and 

cortisol levels were always appropriate in critical samples. Growth hormone levels were consistently 

low in critical samples at 1.04 mcg/L, 0.8mcg/L and 2.45 mcg/L at blood glucose of 1.3 mmol/L, 0.8 

mmol/L and 2.3 mmol/L, respectively. She was started on somatotropin treatment at 0.17 mg/kg/week 

and the hypoglycemic episodes improved. 

The patient presented again at 11 months with a further episode of hypoglycemia and subsequent 

arginine growth hormone stimulation test confirmed GH deficiency. Her somatotropin dose was 

increased to 0.18 mg/kg/week and her glycemic control again improved. At age 2, a second brain MRI 

revealed hypothalamic hypoplasia, with normal sella turcica. 

She was severely and globally intellectually disabled with autism spectrum disorder, confirmed by the 

age of 21 months. 

Other issues included early pubarche at age 3, without other signs of hyperandrogenism, and the blood 

androgen levels were normal. ACTH stimulation test, TRH test and blood prolactin levels were normal. 

Growth was normal for both weight and height. Bone age was advanced for chronological age at 21 

months with bone age of 6 years and this later returned to normal. She also had recurrent serous otitis 

media and myringotomy tubes were inserted at age 4. Audiologic evaluation was normal. 

Ophthalmologic examination revealed horizontal nystagmus, with crystalline opacities and slight left 

optic nerve atrophy. She was diagnosed with partial cortical blindness and microcornea at age 3 and 

glaucoma was found at age 10. At age 5 she was noted to have scoliosis which reached 70° by 10 years 

and was treated surgically. Microarray analysis was normal and female. 

 

Patient 2-II 

 

The younger sister of Patient 2-I (Figure 1) was born following a natural conception. There were no 

maternal diseases or teratogenic exposures. Fetal ultrasound at 20 WG showed no detectable 

abnormalities. Fetal ultrasound in the third trimester showed progressive intrauterine growth restriction 



(IUGR) and query cloverleaf skull. Delivery was induced for IUGR, at 37 WG and was uncomplicated.  

Birth weight was 1.910 kg (<3rd centile), length 46 cm (10-50th centile) and head circumference was 

31.5 cm (10th centile). On physical examination she had a “boxy” head, small anterior fontanelle, high 

and flat forehead, a ridge over the metopic suture, short palpebral fissures, short nose, a broad nasal 

root and tip with normal philtrum. The palate was intact and there was retrognathia with a square chin 

and a horizontal groove over the chin. Both ears were low set and the left ear showed overfolding of the 

rim of the auricle. She had distal arthrogryposis, with clenched fists and ulnar deviation of both hands. 

On neurological examination she had truncal hypotonia. 

 

Neonatal course was complicated with episodes of apnea, thrombocytopenia and hypoglycaemia. She 

had jaundice treated with phototherapy, and developed urosepsis treated with antibiotics. Further 

investigation including TORCH screening, blood pyruvic acid and ammonia were normal. Amino acid 

chromatography was normal and organic acid chromatography showed the presence of increased lactic 

acid during her illness. Renal ultrasound showed increased echogenicity of both renal cortices and renal 

artery Doppler showed increased resistance index. Echocardiography showed ASD with a patent 

foramen ovale. On discharge from the hospital after 2 weeks all biochemical anomalies normalized. 

At 2 months of age she presented with an episode of staring and was noted to have hypoglycemia. 

Following this she had multiple episodes of hypoglycemia and multiple critical samples drawn. Growth 

hormone was inappropriately low on multiple critical samples: 4.8 mcg/L, 4.6 mcg/L and 3.3 mcg/L for 

blood glucose of 2.2 mmol/L, 2.8 mmol/L and 1.8 mmol/L, respectively. Insulin and cortisol levels 

were appropriate on critical sampling and the remainder of the workup was normal. Abdominal 

ultrasound showed mild hepatomegaly. 

Further follow-up showed normalization of the renal function with persistent hyperechogenicity of the 

renal cortex. Mild hearing loss was suspected at the age of 10 months, which improved following 

bilateral myringotomy tube insertion. Ophthalmologic follow-up showed horizontal nystagmus with 

bilateral microcornea. On developmental assessment she had global developmental delay, with autism 

spectrum disorder diagnosed at age 4. An advanced bone age was noted and at 3 years chronological 

age was 5 years. This normalized by 7 years of age. Scoliosis was diagnosed at age 4 and was treated 

with bracing. 

Thelarche started at age of 3 years and 9 months, and pubarche began 1 year later. Hormonal studies, 

including androgens, estrogen, FSH, LH and prolactin were normal. Urinary oligosaccharides and 



glycosaminoglycans, and transferrin isoelectric focusing were all normal. Microarray analysis was 

normal. 

Patient 3-I 

This 10 years old girl (Figure 1) was born at term to a 31-year-old G3P2L2 mother of Dutch descent and 

a 33-year-old father, of the same descent. The parents are healthy and nonconsanguineous. They had 

two older, healthy daughters. There was no family history of developmental delay, congenital 

abnormalities or recurrent miscarriages in either of the parental family histories. 

The pregnancy with the patient was uncomplicated initially with no exposure to teratogens. Ultrasound 

at 19 weeks revealed bilateral clubfeet, mild cerebral ventriculomegaly, pelviectasis and 

polyhydramnios. Delivery was complicated by nuchal cord and she had respiratory depression that 

required positive pressure bag mask ventilation and intubation. Her birth weight was 3970g (95th 

centile) and her head circumference was 37.5cm (greater than 95th centile). On initial examination she 

was noted to have facial dysmorphisms, camptodactyly of all fingers, ulnar deviation of both hands and 

bilateral club feet. 

Mucopolysaccharides and oligosaccharides screens were negative and urine organic acids, qualitative 

urine amino acids and quantitative serum amino acids were normal. An echocardiogram at one month 

of age showed a small fenestrated secundum atrial septal defect which closed spontaneously by 4 years 

of age. Her EEG at the age of 4 was normal. Brain MRI at 4 years showed frontal lobe volume loss 

with corresponding small caliber frontal bones of the skull and a small pituitary gland. 

Her free-T4 and TSH were both within the normal range and adrenocorticotropin hormon (ACTH) 

stimulation test was also normal. Growth hormone stimulation test showed GH deficiency. 

Other complications included significant feeding difficulties with chronic sialorrhea. She never 

tolerated oral feeds and continues to receive nutrition via gastric feeding tube. She has excessive 

drooling. She underwent serial casting for her bilateral club feet, bilateral Achilles tendon tenotomy 

was performed at 10 months, and she was fitted with ankle-foot orthoses. She was also fitted with 

splints to treat her camptodactyly. 

On physical examination at the age of 3.5 years her weight was 15.5kg (75th centile), her length was 

90.2cm (5th centile) and her head circumference was 50cm (50th centile). She had brachycephaly with 



trigonocephaly, ridges over the sagittal, coronal, and lambdoid sutures and bitemporal narrowing. She 

had a prominent mid-forehead and a ridge over the metopic suture. She had an anterior hair up-sweep 

and hypoplastic supraorbital ridges. Her eyes were deep set with puffy eyelids and a broad nasal root 

and tip and a long philtrum. She had full cheeks, thin upper lip and widely spaced teeth. She had 

retrognathia with a square chin and a horizontal groove over the chin. She had sucking movements 

around her mouth and mainly over her upper lip. Both ears were low set, posteriorly rotated with fleshy 

lobules. Her neck was short and her nuchal hair line was low with no webbing (Supplementary Figure 

1). External genitalia showed hypoplasia of the labia majora and minora and a small clitoris. Her anus 

was anteriorly displaced. Upper limbs showed 20 degree limitation in extension of both elbows. There 

was limitation of 80 degrees in wrist dorsiflexion. There was hypoplasia of the thenar and hypothenar 

eminences, proximal insertion of both thumbs and tapering fingers. There were absent flexion creases 

over the distal interphalangeal joints of the 2nd-5th fingers with the camptodactyly involving both the PIP 

and DIP joints. There was limitation in dorsiflexion of the ankles by 30 degrees, pes cavus and bilateral 

clubfeet. The toes were short with camptodactyly and absent flexion creases and hypoplastic, deep set 

nails. The great toes had a hammer toe appearance. She had clinodactyly of the 5th toes bilaterally and a 

sandal gap. There was a generalized increase in the subcutaneous fat and decrease in muscle mass. Her 

back showed scoliosis convex to the right in the thoracic area and convex to the left in the lower thoracic 

and lumbar area. She had truncal hypotonia with hypertonia of the upper limbs. 

Patient 3-II 

The sister of patient 3-I (Figure 1) was born at 37 WG after an unremarkable pregnancy, three years 

after her sister. There was a normal detailed fetal ultrasound at 20 WG. The labour was spontaneous, 

vaginal and complicated with shoulder dystocia. 

On initial physical examination at birth her weight was 4390g (>97th centile), length was 53.5cm (90-

97th centile) and the head circumference was 36.5cm (>98th centile). Her anterior fontanelle measured 2 

x 3 cm, with all the sutures overlapping. She was noted to have dysmorphic features with frontal 

bossing, bitemporal narrowing and a prominent glabella with a ridge over the metopic suture. She had 

deep set eyes and hypertelorism (interpupillary distance 4.5 cm (>+2SD), outer canthal distance 7.2mm 

(>+2 SD) and inner canthal distance 2.6mm (>+2SD). The eyebrows and eyelashes were sparse and 

fair. The nose had a broad bridge and anteverted nostrils. There was a high arched palate, with 

downturned corners of the mouth, thin lips, retrognathia and a horizontal crease on the chin. The ears 

measured 3.9 cm bilaterally (+2SD), with bilateral preauricular pit. There was redundant nuchal skin. 



The upper limbs showed limitation of 20 degrees in elbows extension with bilateral single palmar 

creases, tapering fingers and camptodactyly of the 2nd, 3rd and 4th digits at the PIP and DIP joints and 

lack of flexion creases at the DIP joints bilaterally. The 2nd finger overlapped the 3rd and the 5th 

overlapped the 4th digits bilaterally. The thumbs were proximally inserted with absent interphalangeal 

creases. The feet showed high arches, bilateral hammer toes and deep set and hypoplastic toenails. 

There was a large gap between the 4th and 5th right toes and the 5th toe was longer than the 4th toe. She 

had hypoplastic labia minora and majora, small clitoris and anteriorally placed anus. There was truncal 

hypotonia and hypertonia in her upper extremities. 

She was noted to have severe global developmental delay and intellectual disability. She currently has 

spasticity in both upper and lower extremities and truncal hypotonia. She had major feeding problems 

with gastroesophageal reflux and chronic sialorrhea. She was treated with omeprazole and 

domperidone and nasogastric tube feeding. A G-tube was inserted later. Growth hormone stimulation 

test showed GH deficiency. 

Patient 4-1 

The patient, a female, was born to a 41-year-old G9P3A6L2 mother of French-Canadian descent. The 

parents were healthy and non-consanguineous and had two children who are well. The brother of the 

paternal grandmother has a daughter with intellectual disability and clubfeet of an unknown etiology.  

Parental karyotypes done following the recurrent miscarriages were normal.  

The pregnancy was conceived naturally and there was no history of infection, skin rash, fever, high 

blood pressure, diabetes or exposure to teratogens. In view of her recurrent miscarriages the mother 

was treated with progesterone for the first 14 weeks of pregnancy and with aspirin and vitamins for the 

duration.  

Nuchal translucency was measured at 12 WG and was 1.2mm. Detailed fetal ultrasound was done at 20 

WG and showed bilateral clubfoot with query fingers’ syndactyly and 5th finger’s clinodactyly on both 

hands.  

A repeat fetal ultrasound done at 22 WG showed right clubfoot and hands’ anomalies including 

clinodactyly of the 5th digit, overriding 2nd-3rd-4th fingers, and adducted thumbs bilaterally. No other 

abnormalities were detected and the fetal growth was normal. The findings raised the possibility of 

fetal akinesia/arthrogryposis multiplex congenita sequence. At 25 WG oligohydramnios was noted with 



abnormal placental function and delivery was at 27+4 WG for premature rupture of membranes and 

chorioamnionitis. The birth weight was 950g (50th centile) and the Apgar scores were 3, 6 and 6 at 1, 5 

and 10 minutes respectively. She was intubated and ventilated and examination showed generalized 

hypotonia and confirmed right clubfeet and clenched hands with camptodactyly of all fingers with 

adducted thumbs. She had facial dysmorphism with a high forehead and frontal bossing, ridge over the 

metopic suture, a small nose with a broad nasal root and tip, a small mouth with down-turned corners, 

retrognathia with a square chin and the ears were large and low-set with prominent anti helix and over 

folding of the auricular rims. She was also noted to have bilateral pes cavus and bicuspid aortic valve.  

The postnatal course was complicated with respiratory distress syndrome, hypoglycemia, severe 

bronchopulmonary dysplasia, episodes of apnea and bradycardia and episodes of urinary tract 

infections and sepsis. Feeding difficulties and gastroesophageal reflux were noted and required 

gastrostomy tube insertion and Nissen fundoplication. She had chronic sialorrhea and constipation.  

Following a few episodes of hypoglycemia growth hormone deficiency was suspected at 11 months of 

age. At 19 months of age endocrine studies showed normal cortisol and normal ACTH-stimulation test.  

The GH measured on two hypoglycemic episodes was low and clonidine GH-stimulation test showed 

deficiency [max 4 mcg/L]. Arginine GH-stimulation test was abnormal [4.435mg IV X 1: max 3.53 

mcg/L]. The TSH and free T4 and prolactin were normal. She has been treated with GH successfully.   

She continued having respiratory and feeding difficulties as well as episodes of hypoglycemia and 

pneumonia. The clubfeet were treated with casting and at 8 months chronological age she had right 

Achilles tenotomy and her hands’ contractures were treated with splints.  

She had left exotropia and gaze paretic nystagmus noted at 7 months and visual evoked potentials and 

electroretinogram were normal. Hypermetropia and myopia were noted later and at 23 months she had 

surgical treatment for left exotropia. She had a normal auditory evoked potential.  

She was noted to have stridor due to subglottic stenosis and was treated surgically at 4 years and 8 

months.  

On follow-up she was noted to have global severe developmental delay, sleeping disorder with 

abnormal circadian rhythm. At 5 years of age she developed focal seizures of frontal lobe origin which 

responded to treatment with Valproate.  



Initial skeletal survey at 1 year of age showed no abnormalities apart from osteopenia of prematurity, 

right clubfeet and bilateral camptodactyly. X-rays at 3 years and 8 months showed bilateral coxa valga 

with defect in acetabular coverage and dysplastic left acetabulum with slight deformation of the 

femoral heads. At 5 years and 9 months she was noted to have right dorsolumbar scoliosis of 23°.  

At 6 years of age her weight was at the 62nd centile, her height at the 13th centile and her head 

circumference at -2.5SD. She had low muscle bulk and tone, right clubfeet, abnormal fingers’ position 

with camptodactyly and adducted thumbs.  

Investigation included chromosome microarray analysis which were normal and female (46,XX) and 

metabolic investigation showed no abnormalities.  

Muscle biopsy was done at 2 months of age and the findings were compatible with metabolic myopathy 

with no specific sarcomeric lesions. There were glycogen inclusions with dysmorphic 

megamitochondria mainly under the sarcolemma with occasional inter-myofibrillar extensions.  

Brain MRI done at 3 months and repeated at 3 years and 7 months of age showed thin pituitary stalk 

and slight dilation of 3rd ventricle, possibly secondary to hypothalamic atrophy. There were increase 

subarachnoid spaces at the posterior fossa, suggestive of brainstem atrophy, particularly around pons 

and mild ventriculomegaly mainly in frontal horns.  

 

 

Table 1. Growth hormone stimulation results Families 2 and 4 

 

 Patient 2-I Patient 2-II Patient 4-I 

 Arginine 

stimulation test 

(5g IV X 1) 

Age 11 months 

Arginine 

stimulation test 

stopped after 20 

minutes 

(hypoglycemia 

2.2 mmol/L) 

Age 14 months 

Arginine 

stimulation test 

(4.435g IV X 1) 

Age 15 months 

Clonidine 

stimulation test 

(0.05mg PO X 1) 

Age 13 months 

 GH (µg/L) GH (µg/L) GH (µg/L) 

(-) 15 min 0.50 0.10 2.75 

0 min 1.32 0.42 1.84 

15 min 0.44 0.11 0.53 

30 min 0.26 0.93 2.01 

45 min 0.24 3.53 4.42 

60 min 0.34 1.15 3.66 

90 min   1.25 

120 min   1.07 

 

 

Table 2. Growth hormone stimulation results Patient 3-I 

 



Age 3 years 10 months, Arginine stimulation 

 

Time (Minutes) Growth Hormone Measurement (mcg/L) 

0 1.3 

30 1.5 

60 2.7 

90 <1.0 

120 <1.0 

 

Table 3. Growth hormone stimulation results Patient 3-II 

 

Age 14 months, Arginine stimulation  

Time (Minutes) Growth Hormone Measurement (mcg/L) 

0 5.2 

30 1.2 

60 <1.0 

90 4.1 

120 <1.0 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


