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Abstract

Congenital hyperinsulinism (HI) is the most common cause of persistent hypoglycemia in infants
and children. In cases of diazoxide unresponsive Hl, alternative medical and surgical approaches
may be required to reduce risk of hypoglycemia. Octreotide, a somatostatin analog, often has a
role in the management of these children, but a dose dependent reduction in splanchnic blood flow
is a recognized complication. Necrotizing enterocolitis (NEC) has been reported within the first
few weeks of initiating predominantly high doses of octreotide. We describe the case of an infant
with Beckwith Wiedemann Syndrome (BWS) and diazoxide unresponsive HI, who who had
persistent hypoglycemia after two pancreatectomy surgeries. She developed NEC two months after
beginning octreotide therapy at a relatively low dose of 8 pg/kg/day. This complication has
occurred later, and at a lower dose, than has previously been described. We review the case and
identifiy the known and suspected multifactorial risk factors for NEC that may contribute to the
development of this complication in patients with HI.
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INTRODUCTION

Congenital hyperinsulinism (HI) is the most common cause of persistent hypoglycemia in
infants and children. The consequences of delayed recognition and treatment of
hypoglycemia include seizures and developmental and cognitive delay [1]. Mutations in nine
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genes are currently known to cause congenital HI [1, 2], but in approximately 20-50 % of
cases a mutation in these genes is not identified [3]. HI can also be associated with
syndromes such as Beckwith Wiedemann Syndrome (BWS) and these cases, particularly
those in which there is paternal UPD of 11p, can be severe [4]. The most common and
severe form of congenital HI is caused by inactivating mutations in the genes encoding the
ATP sensitive potassium channel (Kagp). In pancreatic 3-cells, Karp channels play a critical
role in regulating insulin secretion by coupling metabolism to membrane potential. Glucose
entry into the B-cell results in a change in energy potential of the R-cell followed by closure
of the Karp channel leading to depolarization of the B-cell membrane, calcium influx,
stimulating exocytosis of insulin-containing granules [5]. Most mutations associated with
Karp HI completely disrupt Karp channel formation [6] inducing persistent membrane
depolarization and resultant unregulated insulin secretion,

Diazoxide, which has been the first line therapeutic approach to HI since its use was first
described in 1968[ 7], acts by maintaining the Karp channel in an open state, thus preventing
beta cell depolarization and insulin secretion. For patients with Karp HI in whom diazoxide
is not effective in, a near-total pancreatectomy is often required in order to control their
hypoglycemia [2, 3]. The most commonly used medical alternatives or adjuncts to surgery
are limited but include somatostatin analogs and continuous enteral dextrose [1]. Use of
sirolimus [8], calcium channel blockers [9] and glucagon pumps [10] have all been
described, but are not currently regarded as standard care.

Octreotide is a somatostatin analog that reduces insulin secretion by inhibiting the activation
of voltage-gated calcium channels on the membrane of pancreatic p-cells [11]. A side effect
of octreotide therapy is a dose dependent reduction in splanchnic blood flow [12, 13], which
is thought to increase the risk of necrotizing enterocolitis (NEC) in susceptible infants. NEC
is characterized by coagulation necrosis of the intestine, bacterial overgrowth and
inflammation [14]. There have been six reported cases of NEC associated with octreotide in
infants with HI [15, 16], all of which occurred within the first month of life and within 15
days of starting treatment.

We describe the first case of delayed presentation of NEC in an infant with HI treated with
octreotide, and we explore the possible multifactorial etiology of this complication.
Consequently, we advise caution and close monitoring of children treated with this
medication even beyond the early phase of treatment.

Our patient is a baby girl born at 38 weeks gestation weighing 4.56kg via an uncomplicated
spontaneous vaginal delivery. The pregnancy was complicated only by maternal pruritic
urticarial papules and plaques of pregnancy, for which her mother was treated with
prednisolone briefly. Hypoglycemia was noted with a blood glucose less than 20 mg/dL
within the first hour of age, and she commenced intravenous dextrose at a glucose infusion
rate (GIR) of 14 mg/kg/min. HI was confirmed by an inappropriately detectable insulin level
(71 ulU/ml) and suppressed beta-hydroxybutyrate (<0.3 mmol/L) in the setting of
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hypoglycemia. Her examination was significant for macroglossia and hemi hypertrophy, but
was otherwise normal.

Her GIR was increased to 18.7 mg/kg/min via umbilical venous catheter and diazoxide was
commenced (with chlorthiazide to reduce the risk of fluid retention). Diazoxide was
discontinued after 5 days, as it was not possible to reduce her GIR despite maximal dosing.
She was found to have a paternally inherited heterozygous autosomal recessive mutation in
ABCC8(c.692g>a/p.W231X) which was predicted to be disease causing, and also had
paternal uniparental disomy of 11p15.5, consistent with BWS.

Our patient underwent surgery following a preoperative fluorine-18-L-
dihydroxyphenylalanine positron emission tomography (18F-DOPA PET) scan, which
showed slightly more 18FDOPA activity at the end of the pancreatic tail, which was
suggestive of a focal lesion. An intraoperative ultrasound did not identify a potential focal
lesion and frozen section biopsies demonstrated diffusely increased endocrine tissue with
islet cell nucleomegaly. A near-total (98%) pancreatectomy with gastrostomy tube
placement was performed. Following surgery, she continued to have an increased glucose
requirement and a completion pancreatectomy was performed two weeks later, on day 32 of
life. She developed a central line infection one week after this procedure, and was
transitioned from intravenous to enteral dextrose 20% after this had been treated. Feeding
intolerance and reflux were treated with ranitidine.

Continuous enteral 20% dextrose provided a GIR of 9.4 mg/kg/min, in addition to
continuous feedings of 20 kcal/oz feeds (breastmilk with Enfamil) at 30 ml/hr 24 hrs/day. At
two months of age, she started twice daily subcutaneous octreotide at 3 pg/kg at 8am and 5
ug/kg at 3pm. This daytime octreotide allowed her continuous enteral dextrose 20% to be
discontinued during the day. This timeline is shown graphically in Figure 1.

She was discharged at three months of age on this regimen as well as oral ranitidine and
pancreatic enzymes. At four months of age she presented with a two day history of reduced
activity and abdominal distension. She was noted to have metabolic acidosis and
hypernatremia, with tachycardia and hypotension. Clinical examination and abdominal
radiography (Figure 2) were consistent with fulminant necrotizing enterocolitis. Care was
redirected to palliation and she died within 12 hours of presentation. Post-mortem
examination showed necrosis of the entire small and large intestines and congestion of the
mucosa with regenerative epithelial changes of residual glands, and focal pneumatosis in the
submucosa. There was evidence of bacterial overgrowth in the lumen. These findings were
compatible with the clinical diagnosis of NEC.

DISCUSSION

We describe a delayed presentation of NEC associated with octreotide use in an infant with
HI on a lower octreotide doses than previously described in cases of NEC associated with
octreotide. This case describes a four month old infant who developed NEC after 2 months
of therapy at a relatively low dose (8 ug/kg/day) of octreotide. All other reported cases of
NEC associated with octreotide use in infants with HI occurred in neonates younger than 1
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month of age and within 15 days of commencing octreotide therapy at doses of 15 - 27
mcg/kg/day [15, 16].

Octreotide increases splanchnic vascular resistance and reduces splanchnic and portal
venous blood flow[17]. These effects have been used therapeutically in other settings:
reduced splanchnic blood flow may reduce chyle flow in children with refractory
chylothoraces[18, 19]; and reduced portal venous flow may be beneficial in the treatment of
esophageal variceal hemorrhage in hepatic cirrhosis[20]. Although the vasoconstrictive
effects of octreotide alone may be insufficient to cause significant splanchnic ischemia, it
may represent an additional insult in the infant at risk. This has been seen in neonates treated
with octreotide for chylothoraces, where necrotizing ileus has been reported with coexisting
total anomalous pulmonary venous connection[21], and NEC was reported with coexisting
coarctation of the aorta[22].

The additive effects of multiple risk factors for NEC is particularly relevant in infants with
severe, diazoxide unresponsive HI and may have played a role in this case. These may be
broadly be categorized as causes of bowel ischemia[23] or alterations in the intestinal flora
(Table 1).

Reduced bowel perfusion can compromise mucosal integrity both as a result of the original
insult and secondary reperfusion injury and the small bowel is at greater risk than the
colon[24]. There are numerous factors that can put the infant with HI at risk of this. Firstly,
these infants require the central venous provision of concentrated dextrose solutions, and
umbilical venous access can be critical in the early management. Critical perinatal illness
may necessitate umbilical arterial catheter placement for blood sampling and cardiovascular
monitoring. The infant described in this case had umbilical venous and arterial access in
place for the first week of life, and this vascular access is associated with an increased risk
of NEC[25, 26]. These procedures may confer additional risk in children with HI due to
disordered coagulation. Hyperinsulinemia has been associated with impaired
fibrinolysis[28], and infants with HI are at high risk of thrombosis[29]. which may be due to
a combination of this effect and their requirement for central venous access.

Other factors that may affect bowel perfusion include red blood cell transfusions[30],
although some studies refute the association of red blood cell transfusions and NEC[31].
The mechanism for this link is unclear and recent studies suggest that this may be related to
bowel inflammation[32] rather than ischemia[33]. Intraabdominal surgery can affect bowel
motility via neural mechanisms and through triggering an inflammatory cascade, both of
which could possibly affect bowel perfusion[27]. Postoperative opiate medications can also
increase splanchnic blood flow[34] and alter bowel motility, although whether or not there is
a direct link between this and the development of NEC is not known.

Bowel mucosa can also be compromised by direct local effects by hyperosmolar feeds, or
alteration of the gut flora. In this case, 20% enteral dextrose was required to maintain
normoglycemia [1]. This solution has an osmolarity of 1010 mOsm/L, over twice that of
most commonly used infant formulas [35]. While the evidence linking hyperosmolar feeds
with increased necrotizing enterocolitis is based on a small randomized controlled trial
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including 16 infants [36, 37], it is common practice in neonatology to avoid hyperosmolar
feeds and medications in high risk infants [38]. In addition to being hyperosmolar, it is also
possible that the continuous delivery of enteral 20% dextrose will unfavorably alter the local
gut flora and further increase risk.

Increased gastric pH may increase bacterial colonization and risk of necrotizing enterocolitis
[39], and an association of ranitidine with increased risk has been demonstrated [40, 41].
Reflux and feeding issues are common in this population, and ranitidine is commonly
prescribed for these infants. The infant described here had significant reflux and feeding
difficulties, and was treated with ranitidine for almost three months.

The gut flora is a therapeutic target for infants at high risk of NEC. Prophylactic proobiotics
have shown a reduction in the development of NEC[42]. Postulated mechanisms include
blocking the migration of pathogenic bacteria across the intestinal mucosa, the competitive
exclusion of these bacteria, or the alteration in local immune response in the inflammatory
cascade. Enteral antibiotics reduce the intestinal bacterial load, and are associated with a
reduction in bowel ischemic lesions in the animal model[43]. However, short term antibiotic
use have longstanding effects on the infant's bowel microbiota[44] and it is now known if
this disruption may represent a risk factor in infants predisposed to the development of NEC.
The infant in this case had three short courses of antibiotic treatment.

In this patient, octreotide use is likely to have contributed to the multifactorial risk factors
for NEC of bowel ischemia, inflammation and altered gut flora. We advise that consideration
is given to stewardship of each of these factors in these patients, but acknowledge that the
vast majority are unavoidable risks. Breast milk is a known protective factor for the
development of NEC[45], and should be promoted. Probiotics may have a role in the
prevention of NEC, but have not been studied in this population. We advise close monitoring
of these high risk infants for the the development of NEC and, in addition to the previously
reported early risk of NEC, continuation of this close monitoring beyond the previously
reported high risk first few weeks of octreotide use.
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BWS Beckwith Wiedemann Syndrome

HI Hyperinsulinism

NEC Necrotizing Enterocolitis
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Established Facts

Medical management of diazoxide unresponsive congenital
hyperinsulinism includes somatostatin analogues, but many children
require pancreatectomy to alleviate risk of severe hypoglycemia.

Necrotizing enterocolitis has been described as a complication seen
within two weeks of starting octreotide treatment in these infants.

Novel Insights In addition to the recognized early risk of necrotizing
enterocolitis in infants treated with octreotide, delayed presentation can
occur. We advise ongoing observation for the development of this
complication.

Infants with diazoxide unresponsive hyperinsulinism have multiple risk
factors for necrotizing enterocolitis, and these should be considered
when contemplating and using octreotide..
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Figure 1.

Timeline of clinical course including Glucose Infusion Rates (GIR), enteral feeds, surgeries,

antibiotics and ranitidine.
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Figure 2.
Abdonimal radiograph on presentation with necrotizing enterocolitis. Notable features

include generalized bowel loop distention, intestinal intramural pneumatosis, portal venous
air, and pneumoperitoneum.

Horm Res Paediatr. Author manuscript; available in PMC 2017 February 12.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Hawkes et al. Page 12

Table 1

Potential multifactorial etiologies of necrotizing enterocolitis in children with hyperinsulinism treated with
octreotide

Bowel Ischemia

Umbilical vessel catheterization(25, 26)

Intraoperative bowel manipulation(27)

Red cell transfusion(28)

Opiates(32)

Alteration of Intestinal Flora

Enteral dextrose(34, 35)

Antibiotic use

Ranitidine(38, 39)
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