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Abstract:

Donohue syndrome, previously (but no longer) described as Lep-
rechaunism, is a rare autosomal recessive trait. The primary de-
fect in the insulin receptor causes extreme insulin resistance and 
failure to thrive with hyperinsulinemia, intermittent preprandial hy-
poglycemia, and persistent postprandial hyperglycemia. Impaired 
glucose metabolism causes prenatal and postnatal growth defi-
ciency, dysmorphic facial features, visceromegaly, and lipoatro-
phy. A preterm male was born following an uneventful prenatal 
course with a birth weight of 1450 g, length of 40.5 cm, and head 
circumference of 32 cm. Apgar scores were 9 at one and 9 at five 
minutes. His postnatal course was complicated by recurrent epi-
sodes of abdominal distension and emesis with appropriate stool-
ing, intermittent fasting hypoglycemia, and persistent postprandial 
hyperglycemia despite daily titrations in total parenteral nutrition. 
Glycemic fluctuations (20-230 mg/dl) were wide. The maximum 
serum insulin level was 1388 uIU/ml. With time, his dysmorphic 
features became more prominent. Echocardiogram identified a 
moderate ostium secundum atrial septal defect, mild dilation of 
the right ventricle, mild hypertrophy of the right ventricle, and mild 
pulmonary stenosis with doming. Gene testing for INSR identified 
two novel variants of uncertain significance. 
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Introduction:

Donohue syndrome (DS), originally known as Leprechaunism, is 
an autosomal recessive disorder caused by biallelic pathogenic 
variants in the gene that encodes the insulin receptor, INSR, lo-
cated on the short arm of chromosome 19 at 19p13.3. (1) In this 
condition, loss of insulin receptor function causes severe impair-
ments in glucose metabolism and other endocrine abnormalities 

that restrict neonatal growth and development. The character-
istic pattern of findings in DS is distinctive, which helps narrow 
the differential diagnosis. Intrauterine growth restriction (IUGR) 
is accompanied by hyperinsulinemia, preprandial hypoglycemia, 
postprandial hyperglycemia, visceromegaly, lipoatrophy, and dis-
tinctive dysmorphic coarse facial features, alveolar thickening, 
prominent nipples, rectal prolapse, nephrocalcinosis, and other 
classic features. (2) With an incidence of less than one in one mil-
lion live births worldwide, only a few dozen cases of Donohue syn-
drome have been reported in the literature. Given the rarity of this 
syndrome, experience with management is limited. We present 
our experience of diagnosis and management of a preterm infant 
with DS followed from birth and discuss its unique presentations, 
management challenges, and future considerations.

Case Summary:

A  36 week and 5-day gestation male was delivered to a G3P1 
33-year-old woman. This pregnancy was complicated by an IUGR 
fetus and diet-controlled gestational diabetes that required an in-
sulin drip prior to delivery. Antenatal steroid therapy was complet-
ed. The mother was Rubella immune and negative for Hepatitis 
B surface antigen, Venereal disease research laboratory (VDRL), 
Human immunodeficiency virus, Group B streptococcus, and CO-
VID-19 at delivery. Labor progressed, and the infant was deliv-
ered by spontaneous vaginal delivery without complications. Birth-
weight was 1450 grams (<3rd %ile, Z-3.48), length was 40.5 cm 
(<3rd %ile, Z-3.09), and head circumference was 32 cm (21st %ile, 
Z-0.77). Assisted Apgar scores of 9 were assigned at one and five 
minutes. The infant was admitted to the Neonatal intensive care 
unit (NICU) for small size and early gestational age. 

“Donohue syndrome (DS), originally 
known as Leprechaunism, is an 
autosomal recessive disorder caused by 
biallelic pathogenic variants in the gene 
that encodes the insulin receptor, INSR, 
located on the short arm of chromosome 
19 at 19p13.3. (1)”

“With an incidence of less than one in 
one million live births worldwide, only a 
few dozen cases of Donohue syndrome 
have been reported in the literature. 
Given the rarity of this syndrome, 
experience with management is limited. 
We present our experience of diagnosis 
and management of a preterm infant 
with DS followed from birth and discuss 
its unique presentations, management 
challenges, and future considerations.”
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“Past obstetric history was significant 
for previous therapeutic termination 
at 30 weeks gestation for IUGR, 
suspected skeletal dysplasia, and fetal 
chromosome anomaly: 45,X/46,X,idicY 
mosaicism. IUGR had been detected at 
25 weeks gestation in that pregnancy.”

Figure 1a. This 51-day old infant of Chinese ethnicity (4 weeks 
corrected) has typical features of Donohue syndrome: coarse 
facial features, prominent eyes, infraorbital creases, and a short 
upturned nose. Note darkly pigmented skin, hypertrichosis on the 
arms, and prominent nipples. 

“Dysmorphic features became 
increasingly apparent with time. He 
was emaciated and hypotonic with 
decreased subcutaneous fat, a coarse 
facial appearance, upturned nose, 
thick alveolar ridges, soft, distended 
abdomen, thin extremities, large 
scrotum, and prolapsed rectum.”
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Past obstetric history was significant for previous therapeutic 
termination at 30 weeks gestation for IUGR, suspected skeletal 
dysplasia, and fetal chromosome anomaly: 45,X/46,X,idicY mo-
saicism. IUGR had been detected at 25 weeks gestation in that 
pregnancy. 

The infant was given expressed breast milk (EBM) ad lib q3 hours. 
He subsequently developed increased abdominal distention and 
was made NPO. A kidney-ureter-bladder (KUB) radiograph was 
unremarkable. Trophic feeds with EBM and peripheral Total Par-
enteral Nutrition (TPN) were restarted the following day. He had 
recurrent episodes of intermittent abdominal distention with KUBs 
demonstrating increased bowel gas without distended abdominal 
loops. Although glycerin enemas were highly effective in relieving 
distention, oral feedings were intermittent secondary to recurrent 
episodes of abdominal distention. His feedings were advanced 
when possible, with caloric density titrated to his gestational age. 
Preprandial hypoglycemia and postprandial hyperglycemia did 
not respond to daily adjustments in TPN. Glycemic fluctuations 
were wide: 20-230 mg/dL. The maximum serum insulin level was 
1388 uIU/ml, and the C-peptide level was 135 uIU/ml. To stabilize 
his blood glucose levels above 70 mg/dL, he was treated with 
Diuril 20 mg/kg/day PO  q12hr  and Diazoxide at 10 mg/kg/day PO 
q8hr. An excrescence on the umbilical stump persisted despite 
silver nitrite applications. At 46 days of age, he was transferred to 
a regional children’s hospital for a higher level of care. An ACTH 
challenge test showed a normal cortisol response. 

Dysmorphic features became increasingly apparent with time. He 
was emaciated and hypotonic with decreased subcutaneous fat, 
a coarse facial appearance, upturned nose, thick alveolar ridges, 
soft, distended abdomen, thin extremities, large scrotum, and pro-
lapsed rectum. Testicular ultrasound confirmed moderate bilateral 

hydroceles. Abdominal ultrasound demonstrated echogenic med-
ullary pyramids in the kidneys, suggesting early medullary nephro-
calcinosis, a persistent urachus with bowel peristalsis, and grossly 
unremarkable urinary bladder. An echocardiogram revealed an os-
tium secundum atrial septal defect (5.3 mm), mild right ventricular 
dilation and hypertrophy, and mild pulmonary valve stenosis with 
doming. Following ultrasound confirmation, the omphalomesen-
teric remnant was surgically removed. Molecular gene testing of 
a panel of genes associated with hyperinsulinemia was negative. 
A genetics consultation was requested at 48 days of age, and the 
diagnosis of Donohue syndrome was made on clinical grounds. 

An echocardiogram on day 79 showed progressive cardiomyopa-
thy with moderate concentric left ventricular hypertrophy. There 
was no evidence of elevated pulmonary artery pressure. At 86 
days of age, his weight was 2.35 kg. He required 2 LPM of nasal 
flow up to 30% O2. He nippled 23% of his feedings with subcostal 
retractions. He had an oral diet that was lipid fortified with PE30 
and expressed breast milk with MCT, Cod Liver, and beneprot-
ein at total fluids of 160cc/kg/day. Random glucose was >200 mg/
dL. He had cholestasis with elevated total and direct bilirubin. Re-
combinant human IGF1 (rhIGF-1) was proposed as an investiga-
tional therapy to the family. His care team includes endocrinology, 
nutrition, nephrology, cardiology, genetics, and palliative care. 
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“Donohue syndrome (DS, OMIM 24620) 
is a rare cause of insulin resistance in the 
newborn, but it has a distinctive phenotype 
that aids in the diagnosis. (1) DS has also been 
referred to as Leprechaunism, which is not the 
preferred name. ”

Figure 1b. The infant has a prominent abdomen and little subcu-
taneous tissue. His umbilical stump healed well after surgery. 
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Family history: 

Both parents are of Chinese ancestry. Mother is 33, and the father 
is 38 years old. Both are healthy. They have a healthy 4-year-old 
son. They deny consanguinity.

Laboratory studies: 

Gene analysis of INSR identified 2 novel variants: c.3792_3793dup 
and c.344_348delinsCCTTG. These two variants were classified 
as variants of uncertain significance (VUS) because they had not 
been previously identified as either pathogenic or benign. The 
first variant, located near an intron-exon boundary, is predicted 
to result in a frameshift in exon 21. This frameshift is predicted to 
introduce a premature stop codon in the last exon and result in a 
truncated protein. It would disrupt the original protein’s last 117 
amino acids (8.5%). This variant is absent from general popula-
tion databases. Computational predictions for this protein change 
show that it is expected to occur with a higher frequency than it 
is observed (Expected 66.799 vs. Observed 21), which implies a 
deleterious effect.   The second variant is predicted to cause an 
in-frame complex insertion/deletion in INSR. This variant is ab-
sent from the general population (The Broad Institute gnomeAD 
database). Parental testing for these variants is in process to con-
firm biallelic variants in this child. The laboratory is reviewing clini-
cal information on the patient and may reclassify the variants as 
pathogenic or likely pathogenic if they are confirmed to be biallelic. 

Discussion:

Donohue syndrome (DS, OMIM 24620) is a rare cause of insulin 
resistance in the newborn, but it has a distinctive phenotype that 
aids in the diagnosis. (1) DS has also been referred to as Lepre-
chaunism, which is not the preferred name. The characteristic pat-
tern of anomalies in DS includes small size at birth with preserved 
head circumference, poor postnatal growth, hyperinsulinemia, 
preprandial hypoglycemia, postprandial hyperglycemia, coarse 
facial features, thick alveolar ridges, prominent nipples, rectal 
prolapse, nephrocalcinosis, and cardiomyopathy. This child has 
the classic appearance of this condition. Typically, the mothers of 
children with DS have gestational diabetes, as did our patient. In 
retrospect, the affected fetus with IUGR in this family may have 
been similarly affected with Donohue syndrome and a chromo-
some anomaly. 

A milder phenotype associated with biallelic variants in INSR has 
been described as Rabson-Mendenhall syndrome (RMS). In the 
first year of life, it is not easy to distinguish between DS and RMS. 
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Children who survive beyond the first year of life with normal psy-
chomotor development may have RMS. Heterozygous pathogenic 
variants in INSR can cause insulin-resistant diabetes mellitus with 
acanthosis nigricans (OMIM 610549) and autosomal dominant fa-
milial hyperinsulinemic hypoglycemia 5 (OMIM 609969), including 
neonatal hyperinsulinemic hypoglycemia. (2) 

Donohue syndrome is life-limiting, and most affected children die 
by two years of age, often due to infection. Progressive cardio-
myopathy, a frequent cause of death in DS, can be seen prena-
tally. (3,4)  There is no effective treatment for insulin resistance in 
DS. Recombinant human IGF-1 is being studied in severe insulin 
resistance syndromes, but there is no standard protocol regarding 
its use. 

Homozygous or compound heterozygous pathogenic variants 
cause DS in the insulin receptor gene (INSR; OMIM 147670) on 
chromosome 19p13. The insulin receptor is a tetramer of 2 alpha 
and two beta subunits, both coded by this single gene. Disulfide 
bonds join these alpha and beta subunits (Figure 2). The gene 
has 22 exons, of which 11  encode the alpha subunit and 11 en-
code the beta subunit. The alpha chains carry the insulin-binding 
region, while the beta chains carry the kinase domain. Defects in 
the alpha subunit could affect ligand binding, while defects in the 
beta subunit could affect membrane binding or signal transduc-
tion. This child has one variant in the first 11 exons that could 
affect the alpha subunit and one in the last 11 exons that could 
disable the beta subunit. A tetramer with two normal alpha and 
two normal beta subunits would be expected to represent 1/16th of 
the total number of insulin receptors produced. The other 15/16ths 

would be expected to have some combination that included at 
least one abnormal alpha or beta subunit. 

Insulin has pleiotropic functions that extend well beyond its role in 
carbohydrate metabolism. Insulin receptor substrates are phos-
phorylated and interact with the PI3K-AKT/PKB pathway, which 
is responsible for most of the metabolic actions of insulin, and 
the Ras-MAPK pathway, which regulates the expression of some 
genes and cooperates with the PI3K pathway to control cell growth 
and differentiation. This is why the absence of a functional insulin 
receptor has such widespread and devastating consequences for 
growth and organ function. In addition to binding insulin, the insu-
lin receptor can bind insulin-like growth factors (IGFI and IGFII). 
Recombinant human IGF1 (rhIGF-1) has been shown to improve 
metabolic control in DS, although it may not alter the lethal out-
come of DS, (5) which was the basis for offering rhIGF-1 as pallia-
tive therapy in our patient. 

Practical Applications: 

1. Please pay attention to uncommon features: the more rare 
the feature, the more discriminating it can be in narrowing 
the differential diagnosis. Thick alveolar ridges, prolapsed 
rectum, and nephrocalcinosis are rare findings in the new-
born but common features in Donohue syndrome.

2. Consider a genetic etiology early in treatment when neona-
tal hypoglycemia does not respond to standard therapy or 
when dysmorphic features accompany hypoglycemia and 
small size. Although genetic disorders may be rare, genetic 
disorders are often undiagnosed in the NICU. 

3. Recognize that heterozygous variants in INSR are more 
commonly encountered in patients than biallelic variants. 
Consider INSR gene analysis in infants with neonatal hypo-
glycemia with hyperinsulinemia even when they do not have 
the severe presentation of Donohue syndrome. 
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units are encoded by the same gene: INSR. Source for illustra-
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