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Donohue syndrome (DS) is a rare recessively inherited disorder characterized by severe insulin resistance caused by
genetic defects afecting the insulin receptor. Te classical clinical characteristics include severe intrauterine growth
restriction, craniofacial dysmorphic features, body and skin features, and soft tissue overgrowth. Postnatal growth re-
tardation, cardiac, gastrointestinal, and renal complications, and infection susceptibility develop within the frst few
months of life, leading to a short life expectancy (<2 years). Te classical metabolic abnormalities vary from fasting
hypoglycemia to postprandial hyperglycemia with severe hyperinsulinemia. We present the case of a 14-week-old infant
with DS who developed cardiac, renal, hepatic, pancreatic, and gastrointestinal features, all of them previously reported in
infants with DS. Te gastrointestinal features started during the frst week of life and included abdominal distension,
feeding difculties, intermittent vomiting, and two episodes of intestinal obstruction. Te diagnosis of duodenogastric
intussusception was made, and this previously unreported complication tragically resulted in mortality. We discuss how
basic mechanisms of cross-talk between insulin and insulin-growth factor 1 receptors could be linked to hyperinsulinemia
and its associated comorbidities.

1. Introduction

Donohue syndrome (DS) is the most severe manifestation of
insulin resistance (IR) and is caused by homozygous or
compound heterozygous mutations in the insulin receptor
(INSR) gene.

Te neonatal clinical phenotype includes intrauterine
growth restriction (IUGR), morphological aberrations, fasting
hypoglycemia, postprandial hyperglycemia, hyperinsulinemia,
and initial resistance to ketosis [1]. Postnatal growth retardation,
cardiac, gastrointestinal, and renal complications, and infection
susceptibility develop within the frst few months of life.

Ovarian enlargement and juvenile granulosa cell tumors
may be associated.

Te prognosis is poor, with cardiac, gastrointestinal, and
infectious morbidity and high mortality during the frst
years of life.

Te main biochemical features are defned by abnormal
glucose homeostasis, with hypoglycemia, postprandial hy-
perglycemia, and severe hyperinsulinemia, and are present
soon after birth.

Te most common pharmacological approach for
overcoming tissue insulin resistance is the use of
recombinant human insulin-like growth factor 1 (IGF1),
although the complexity of its various tissue efects remains
only partially understood.

We report the case of a 14-week-old infant with DS and
rapid development of classical cardiac, renal, hepatic, and
pancreatic complications. Te gastrointestinal involvement
presented initially as feeding difculties, intermittent
vomiting, and abdominal distension without organomegaly
and worsened rapidly, culminating in a fatal duodenogastric
intussusception, confrmed by radiological and histopa-
thology studies.
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With this report, we would like to raise awareness of the
possibility of early severe gastrointestinal dysmotility in
infants with DS.

2. Case Report

We describe the case of a male newborn, ffth child of
a consanguineous Caucasian couple (frst cousins), born at
31weeks of gestation, weighing 950 g (<<−3 SD), and
measuring 43 cm (−1 SD).

Severe intrauterine growth retardation was evident
throughout pregnancy, and at birth, the newborn appeared
markedly emaciated, with no subcutaneous fat, muscular
hypotrophy, and dysmorphic features: elfn face, low-set
ears, broad nasal tip, thick lips with broad mouth, macro-
glossia, generalized hypertrichosis, small thorax, distended
abdomen without hepatosplenomegaly, and macro-
genitosomia. Acanthosis nigricans was absent.

On the frst day of life, the infant had hyperglycemia
(12mmol/L) with very high random insulin (932mUI/L)
and C peptide (3.46 nmol/L) levels. Complementary endo-
crine fndings included low levels of insulin growth factor 1
(IGF1) (12 µg/L) and insulin growth factor-binding protein 3
(IGFBP3) (0.35mg/L) with a normal growth hormone level
(26mU/L) and an undetectable leptin level (<1 ng/mL).
Echocardiography indicated a 3mm ductus arteriosus with
no other morphological abnormalities.

Te constellation of intrauterine growth restriction,
distinctive clinical features, and disrupted glucose homeo-
stasis strongly suggested the diagnosis of Donohue
syndrome (DS).

Te patient’s parents provided informed consent for
molecular genetic analysis, which confrmed the diagnosis of
DS through the detection of the homozygous variant
c.1106T>A in exon 4 of the insulin receptor gene. Tis
variant results in an amino acid substitution of Ile369 with
Asn (I369N) within the insulin-binding domain. Both
parents were heterozygous carriers of this missense variant,
which was not previously reported.

To manage the disrupted glucose homeostasis, contin-
uous subcutaneous administration of recombinant human
IGF1 (rhIGF1) was initiated at 15 days of life with a pro-
gressively adjusted dosage from 60 to 500 µg/kg/day,
resulting in improved glycemic control (glucose level be-
tween 4 and 10mmol/L) without hypoglycemia, normalized
IGF1 and IFGBP3, and unchanged insulin levels.

Te echocardiography follow-up revealed severe left
ventricular hypertrophy at the age of 14 days and global
myocardial hypertrophy at 11 weeks of age, with in-
terventricular septal thickness at diastole of 8mm, left
ventricular outfow tract obstruction, and ventricular
ejection fraction at 37%. Treatment with a β-blocker
(propranolol) was proposed, but not immediately
initiated.

Renal dysfunction developed at 2weeks, with progressive
array of electrolyte disturbances including hyponatremia,
hypokalemia, hypophosphatemia, hypomagnesemia, hyper-
calciuria, and proteinuria. At 11weeks, ultrasonography
revealed nephrocalcinosis without renal hypertrophy.

Since birth, the neonate presented feeding difculties,
nonbilious vomiting, and unexplained abdominal
distension.

At the age of 10 days, the neonate developed blood
emesis with exacerbation of the abdominal distension,
without hepatomegaly. Te hepatic profle revealed elevated
transaminase levels, prolonged prothrombin time, low se-
rum albumin concentrations, and elevated total and con-
jugated bilirubin levels. Pancreatic exocrine dysfunction was
suspected based on lipase levels and fecal elastase levels,
although a confrmatory examination was not conducted
(Table 1).

Te baby was initially fed by parenteral and then enteral
nutrition (by nasogastric tube), with an adequate caloric
intake (130 kcal/kg/d) and low weight progression.

At 11weeks of age, the infant had a new episode of acute
abdominal distension with vomiting. Radiological evalua-
tion revealed signifcant gastric distension on plain flm
radiography and duodenogastric intussusception on ultra-
sonography (Figure 1). Upper endoscopy confrmed the
duodenogastric intussusception (Figure 2) and revealed
a hypertrophic, pale, and edematous gastric mucosa with
enlarged folds. Attempt to reduce intussusception by en-
doscopy was unsuccessful. Histological examination
revealed an unremarkable duodenal mucosa with difuse
thickening of the antral gastric mucosa, crypt hypertrophy,
and lymphoplasmacytic infltration. Immunohistochemical
analysis was negative for Helicobacter pylori and Cytomeg-
alovirus infections.

To overcome the partial gastric outlet obstruction and
optimize the enteral feeding, gastrostomy and gastrojejunal
tubes were placed, but there was little or no clinical im-
provement. Surgery was discussed, but due to fragile cardiac
condition of the infant, temporizing surgical management
was considered.

Te infant’s clinical evolution did not improve, and he
required increasing supplemental oxygen and developed
more frequent episodes of tachyarrhythmia and hyperten-
sion. Continuous positive airway pressure support was
provided.

At the age of 14weeks, the infant’s clinical status de-
teriorated, with severe abdominal distension and incoercible
vomiting, suggestive of new episode of intestinal in-
tussusception with associated cardiopulmonary distress,
ultimately leading to death. Autopsy was not performed
(parental decision).

3. Discussion

Our patient presented with common clinical and biological
features of DS. Facial, skin, and bodily features, overgrowth
of soft tissues, and organ dysfunction (renal, hepatic, pan-
creatic, and gastrointestinal) were present at birth or de-
veloped early during the neonatal period. His initial
biological picture was also classic, with severe hyper-
insulinemia, postprandial hyperglycemia, and low growth
hormone level.

We hypothesized that the variant c.1106T>A in exon 4
of the insulin receptor gene, found in our patient and his
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parents, likely alters insulin-binding kinetics, although this
has not yet been demonstrated. Several analytical criteria
support the pathogenic nature of this variant, including its
absence in the general population (gnomAD) and bio-
informatics prediction indicating potential pathogenicity.

Hypertrophic cardiomyopathy [2], renal enlargement
and dysfunction (electrolyte abnormalities) [3, 4], genital
enlargement with biochemical abnormalities [5, 6], and
gastrointestinal functional features [7, 8] were previously
reported in children with DS.

Gastrointestinal picture of DS includes intrauterine
growth restriction, poor postnatal weight gain, and ab-
dominal distension. Recently, additional digestive mani-
festations, such as intrinsic gastrointestinal dysmotility,
hepatic dysfunction, and pancreatic exocrine insufciency,
were reported [8].

Our patient’s gastrointestinal features and evolution,
including early feeding difculties, repeated vomiting of
unclear cause, and progressive to permanent abdominal
distension with 2 episodes of exacerbation (acutely dis-
tended abdomen with massive vomiting), culminated in the
diagnosis of duodenogastric intussusception (ultrasound
and endoscopic diagnosis). Tis entity was not previously
reported in patients with DS, and its clinical, radiological,

and histological characteristics, as found in our patient,
could add important insights into the complex gastroin-
testinal picture of DS. Ultrasonography remains a valuable
imaging study option for gastrointestinal emergency di-
agnosis in infants [9, 10].

Te severity of this gastrointestinal complication in the
context of rapid progressive hypertrophic cardiomyopathy
with associated compromised hemodynamic stability con-
tributed to fatal evolution of our patient.

DS is an extremely rare form of insulin resistance in the
pediatric population, and the main pathophysiological
mechanism of this glucose homeostasis abnormality is
a result of genetic defects in the INSR.

Insulin and IGF1 act via structurally and functionally
similar tyrosine kinase receptors and have similar physio-
logical efects on vital metabolic activities and developmental
processes (cellular growth, proliferation, diferentiation,
apoptosis, and survival) [11, 12]. Receptors’ structural and
functional homology may become signifcant only at
supraphysiological concentrations of insulin and IGF1.

Te molecular anomalies of the INSR, the insulin mi-
metic on the IGF1 receptors (IGF1R) leading to their
pathological hyperactivation, and IGF1R tissue expression
contribute to the phenotypic and biological aberrations
in DS.

IGF1R is lowly expressed in insulin-responsive tissues,
such as adipocytes [13], which contributes to reduced
subcutaneous fat in DS.

IGF1R is expressed in the cardiac tissue, and
hyperinsulinemia-mediated IGF1R signaling is implicated in
cardiomyocyte hypertrophy [14].

IGF1 is involved in the tubular handling of sodium,
water, calcium, and phosphate and regulates tubular glu-
coneogenesis [3]. Insulin signaling through the IGF1R may
contribute to renal enlargement and electrolyte imbalance
observed in patients with DS.

Te insulin/IGF1 system is vital for mammalian sexual
development and reproduction [15]. In DS, the over-
activation of this system results in genital enlargement and
biochemical abnormalities (elevated estradiol and testos-
terone levels).

Figure 1: Longitudinal and transverse ultrasound views of the pylorus displaying intussusception.

Figure 2: Duodenogastric intussusception on endoscopy.
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Activation of the IGF1R by insulin, along with low
circulating growth hormone levels, may serve as a protective
mechanism against ketoacidosis in patients with DS [1].

Te gastrointestinal tract is the primary target of IGF1
action, which stimulates the proliferation of intestinal epi-
thelial and muscle cells [16]. In mice, IGF1 overexpression
has been shown to lead to a normal gastrointestinal epi-
thelium, but an expanded submucosa with hyperplastic and
hypertrophic muscularis propria [17].

Did our patient’s tragic evolution (duodenogastric
mucosal intussusception in the context of severe myocardial
hypertrophy) refect the natural progression of DS or was
related to rhIGF1 treatment?

rhIGF1 therapy appears to improve glycemic control in
most patients with DS, although there are theoretical con-
cerns that rhIGF1 may worsen DS complications. Clinical
data on the pharmacological efects of rhIGF1 (benefcial or
deleterious) on hypertrophic cardiomyopathy development
and progression in DS patients are limited. Additionally,
abdominal distension was present in almost all reported DS
cases, and the infants not treated with rhIGF1 died [18, 19].
Possible mechanisms involve IGF1 and insulin signal
transduction inhibiting apoptosis and stimulating cellular
proliferation and carcinogenesis [20].

4. Conclusion

Our observation sheds light on the complex phenotypic
features of DS patients, with particular attention to the
gastrointestinal manifestations. Although less prevalent and
less diagnosed, they display signifcant variability in clinical
presentation and severity and infuence the patient survival.
Accumulating clinical evidence may eventually lead to
earlier diagnosis of DS gastrointestinal dysfunction and
timely and appropriate intervention.
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