Full title: Post-prandial hyperinsulinaemic hypoglycaemia after oesophageal surgery in children

Authors’ names and institutions:
Dastamani A 1, Malhotra N 1, Giiemes M 2, Morgan K !, Rees CM2, Dattani M 12, Shah P 12

1. Endocrinology Department, Great Ormond Street Hospital for Children NHS Foundation Trust, London

2. Genetics and Epigenetics in Health and Disease Section, Genetics and Genomic Medicine Programme, UCL
GOS Institute of Child Health, London

3. Department of Specialist Neonatal and Paediatric Surgery, Great Ormond Street Hospital for Children NHS
Trust,, London.

Abbreviated title: Post-prandial hyperinsulinaemic hypoglycaemia post-esophageal surgery

Keywords: Post Prandial Hyperinsulinaemic Hypoglycaemia, Oesophageal Atresia, dumping
syndrome

Word count (excluding abstract, figure captions, and references): 1401

Corresponding author name and address to whom reprint requests should be addressed
Dr. Pratik Shah

Consultant Paediatric Endocrinologist and Honorary Clinical Lecturer

Great Ormond Street Hospital for Children and UCL Great Ormond Street Institute of Child
Health

Great Ormond Street

London WC1N 3JH

Tel no: 02079054200 Ext: 8296

Fax no: 02078138258

Email: pratik.shah@gosh.nhs.uk

Acknowledgement section: No conflicting interests and nothing to declare from all
authors.
Any grants or fellowships supporting the writing of the paper: None

Clinical Trial Reqgistration Number, if applicable: Not applicable
ESPE Membership: Drs Dastamani,Guemes, Dattani and Shah are ESPE members

Established facts

e Post-prandial hyperinsulinaemic hypoglycaemia (PPHH) or late dumping syndrome
is a recognised complication of various gastric surgeries.

e In children, PPHH has been described almost exclusively as a postoperative
complication of gastric fundoplication.

e There are very few paediatric case reports to confirm PPHH post esophageal repair,
without any known precipitating factors such as gastroesophageal reflux surgery or
associated microgastria.

Novel Insights
e PPHH is an unrecognised complication in children undergoing oesophageal atresia
repair and hence it is important to be aware of this rare complication and screen
these patients when are symptomatic.
e Continuous feeds might be the only option for PPHH if it is unresponsive to
medical therapy, until it gradually lessens in intensity over time.
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Abstract

Introduction: Post-prandial hyperinsulinaemic hypoglycaemia (PPHH) is a recognised
complication of various gastric surgeries in children, but rarely reported after oesophageal atresia
repair. We report two children diagnosed with PPHH post-oesophageal surgery and the challenges
of their management.

Case 1: A 2-year-old boy diagnosed with oesophageal atresia at birth, was surgically repaired
requiring six oesophageal dilatations the first year of life. At 11-months of age he manifested
hypoglycaemic seizures and investigations confirmed PPHH. Acarbose and diazoxide trials failed.
He was managed with 17-hours continuous gastrostomy feeds. Currently, he is 28-months-old with
euglycaemia on daytime bolus gastrostomy feeds and overnight 12-hours continuous gastrostomy
feeds.

Case 2: A 6-month-old girl diagnosed with Wolf-Hirschhorn syndrome and tracheo-oesophageal
fistula, was surgically repaired, requiring monthly oesophageal dilatations. At 5-months of age she
was reported to have hypoglycaemia and PPHH was confirmed. She responded to diazoxide and
continuous nasogastric tube feeds, but developed pulmonary hypertension possibly diazoxie-
induced. Subsequently diazoxide was stopped and normoglycaemia was secured via 20-hours
continuous gastrostomy feeds.

Conclusion: PPHH may be an under-diagnosed complication in children undergoing surgery for
oesophageal atresia. These children must be monitored closely for symptoms of hypoglycaemia and
if there are concerns must be screened for possible PPHH. Our cases demonstrate that continuous
feeding regimens might be the only therapeutic option, until PPHH gradually lessens in intensity
over time.

Introduction:

Post-prandial hyperinsulinaemic hypoglycaemia (PPHH) or “Late Dumping Syndrome” is
the effect of altered gastric reservoir function, abnormal post-operative gastric motor function
and/or abnormal pyloric emptying mechanism. PPHH is a recognized complication observed after a
variety of gastric surgical procedures such as vagotomy, pyloroplasty, gastrojejunostomy and
laparoscopic Nissen’s fundoplication [1,2].

In childhood, the surgical treatment of gastroesophageal reflux by gastric fundoplication is
the main cause of PPHH [2,3,4,5]. PPHH after oesophageal atresia repair without anti-reflux
surgery is rare. In the literature there are three published cases [6,7] of children with oesophageal
atresia who presented with PPHH without any known precipitating factors, such as
gastroesophageal reflux surgery or associated microgastria. The possible mechanism is a disorder of
gastric motor activity in patients following operative repair of oesophageal atresia [8,9].

In this article we report the initial symptoms, investigations and the therapeutic challenges
in two children diagnosed with PPHH post-surgical repair of oesophageal atresia without anti-reflux
surgery.

Case 1

An 11-month-old boy presented with an episode of seizure due to hypoglycaemia and
consequently a head injury, with normal CT scan of the head. He was the first child of healthy,
unrelated parents, with no family history of hypoglycaemia. Scans at 12 and 20 weeks were normal,
but polyhydramnios was diagnosed at 32 weeks gestation. He was delivered by normal vaginal
delivery at 38 weeks gestation weighing 2.5 kg (-1.9 SDS). He was found to have a long gap
esophageal atresia (without fistula) and on day 3 of life, a gastrostomy was performed to facilitate
feeding. At his first assessment, the gap was estimated to be 4.5 vertebral bodies and a second gap
assessment at the age of 40 days confirmed a gap of 3 vertebral bodies. At the age of 3 months, the



oesophageal atresia was repaired. Furthermore, the baby was diagnosed with patent ductus
arteriosus, which was medically treated. During the first year of life, he required six esophageal
dilatations for strictures and was entirely gastrostomy fed.

Further biochemical investigations (table 1) at the age of 11-months, when he presented
with hypoglycaemic seizures, confirmed PPHH as he developed hypoglycaemia (capillary glucose
2.6 mmol/l and laboratory glucose of 2.3 mmol/l), preceded by detectable insulin of 3.0 mU/L at 90
minutes of a mixed meal test. However, the child had a normal fast tolerance and no hypoglycaemia
on protein load test. His metabolic screen (including acylcarnitine profile, plasma amino acids and
urine organic acids) and Array-CGH chromosomes were normal.

Initially he was treated with acarbose, which was gradually increased up to a maximum dose
of 75mg in three divided doses, and a feeding regimen of 3 hourly bolus gastrostomy feeds during
the daytime and continuous feeds overnight. He showed no response and therefore acarbose was
stopped and he was commenced on diazoxide, but unfortunately he was unresponsive to this.
Finally, he was managed with eighteen hours of continuous gastrostomy feeds and two breaks of
three hours during the day.

He is currently asymptomatic after 16 months of follow-up, with normal growth and
developmental progress. He is on 12-hours continuous feeds overnight, with two small bolus feeds
(100ml) during the day given over an hour, and solid food on demand orally. On this feeding
regimen, he achieves normoglycaemia during a 24-hour glucose profile (capillary glucose ranges
from 3.5-5.0 mmol/l) and he is able to fast for 10 hours.

Case 2

A 6-month-old female was antenatally diagnosed with Wolf-Hirschhorn syndrome. She was
born at 38" weeks of gestation, with birth weight of 2040 grams (-2.72 SDS) by an elective C-
section in poor condition, requiring resuscitation. At birth she was found to have oesophageal
atresia and tracheoesophageal fistula that was surgically repaired on the second day of life. A
prolonged stay in the neonatal unit followed this in order to establish oral feeds. Meanwhile she was
diagnosed with a duplicated gall bladder, short long bones, double superior vena cava with atrial
septal defect and hypoplastic kidneys; all of these features were consistent with Wolf-Hirschhorn
syndrome, which was confirmed by microarray whereby a micro-deletion of the short (p) arm of
chromosome 4 was found [4p16.3p 16.2 (51,120-5,150,630)x1].

Over the following months she developed strictures at the anastomosis site, requiring
oesophageal dilatation. During the post-operative period she exhibited increased sleepiness and,
when tested at the age of 5 months, she was found to be hypoglycaemic.

Further biochemical investigations (table 1) confirmed PPHH as she developed
hypoglycaemia (laboratory glucose of 1.9 mmol/l), along with high insulin of 17.6 mU/L and high
C-peptide of 2439 pmol/L, at 60 minutes post bolus NGT feed. She was able to fast 8 hours without
developing hypoglycaemia and this ruled out fasting hyperinsulinaemic hypoglycaemia. Her
metabolic screen (including acylcarnitine profile, plasma amino acids and urine organic acids) was
normal. She had a gastric emptying study that was reported as normal.

Initially, she was commenced on diazoxide (maximum dose of 7mg/kg/day in three divided
doses), and showed a good response to it. However this triggered pulmonary hypertension and
eventually diazoxide had to be stopped. Finally, a gastrostomy was performed and PPHH was
managed with 20 hours continuous gastrostomy feeds and 2 hourly breaks twice per day, while she
was allowed small amounts of puree orally in order to preserve her orality. Her repeat
Echocardiogram after 2 weeks showed complete resolution of pulmonary hypertension.

On her most recent visit at the age of 9 months, she has stable blood glucose concentrations
on 20 hours continuous gastrostomy feeds and she is thriving well. She has been thoroughly
investigated for severe and persistent GORD symptoms by an impedance study that showed non-
acid GORD and an oesophagogastroduodenoscopy that confirmed gastritis with eosinophilic
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infiltration. Finally, her symptoms were controlled with prokinetic therapy and currently she
requires fewer oesophageal dilatations.

Discussion

PPHH or late dumping syndrome manifests as non-specific symptoms 1-3 hours after a
meal, with signs and symptoms of hypoglycaemia. The pathogenesis is likely related to the early
development of hyperinsulinaemic (reactive) hypoglycaemia [1]. Calabria et al demonstrated that
the exaggerated insulin response to a meal, seen in children with post prandial hypoglycaemia after
gastric surgery, is at least in part due to the effects of GLP-1 on the pancreatic -cell, as the
blockade of the GLP-1 receptor with exendin(9-39) blunted the insulin response even in the
presence of hyperglycaemia (2).

In childhood, the surgical treatment of gastroesophageal reflux remains the commonest
cause of PPHH [3,4,5,10]. Other causes of PPHH in children caused by abnormal gastrointestinal
anatomy are very rare and include congenital microgastria, partial or total gastrectomy, accidental
intraduodenal or jejunal administration of bolus feeding, or inadequate meals with high osmolarity,
as well as rare cases of generalized autonomic dysfunction [3, 11]. It is also rarely described as
idiopathic PPHH in children without a known underlying cause [12].

In children with oesophageal atresia, most reported cases of PPHH have been related to the
surgical treatment of associated gastroesophageal reflux [13,14]. There are very few paediatric case
reports that report PPHH post-oesophageal repair without any known precipitating factors such as
gastroesophageal reflux surgery or associated microgastria [6,7]. In those children PPHH can
appear either acutely, with life threatening symptoms such as hypoglycaemic seizures. Thus, it is
important to screen children at risk in the postoperative period. Early detection can lead to earlier
treatment and prevention of brain damage from severe hypoglycaemia.

Management of PPHH in childhood continues to be challenging as a variety of therapies
have been used including uncooked cornstarch [15], pectin [5], octreotide [16], acarbose [3],
diazoxide [17], and change of feeding regimens (pertaining composition, volume and rate) [18]. All
of these therapeutic options have limited responses as observed in our first case, or have side effects
as observed in our second case that developed diazoxide-induced pulmonary hypertension [19].
Therefore, children with PHHH may require continuous feeds to achieve glycaemic control, until
this condition becomes milder and improves over time, as shown by our first case.

PPHH can occur after surgical repair of oesophageal atresia without anti-reflux surgery and
it may present postprandially with classical hypoglycaemic symptoms or may be asymptomatic.
Also, both cases presented with hypoglycaemia after esophageal dilatation, we do not know
whether there will be any long-term impact on precipitating hypoglycaemia. Thus, it is important to
monitor closely for symptoms of hypoglycaemia children treated surgically for oesophageal atresia
in the postoperative period, in order to rapidly identify those affected with PPHH and consequently
commence treatment and thereby prevent potential brain injury due to severe hypoglycaemia.

References:

1. Service GJ, Thompson GB, Service FJ, Andrews JC, Collazo-Clavell ML, Lloyd RV.
Hyperinsulinemic Hypoglycemia with Nesidioblastosis after Gastric-bypass Surgery. N
Engl J Med. 2005;353(3):249-54.

2. Calabria AC, Charles L, Gilver S, De leon DD Postprandial Hypoglycemia in Children after
Gastric  Surgery: Clinical Characterization and Pathophysiology Horm Res Paediatr
2016;85:140-146.

3. Caulfield ME, Wyllie R, Firor HV, Michener W: Dumping Syndrome in Children. J Pediatr
1987;110:212-215.

4. Rivkees SA, Crawford JD : Hypoglycemia Pathogenesis in Children with Dumping
Syndrome. Pediatrics 1987;80:937-42.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=16034010
https://www.ncbi.nlm.nih.gov/pubmed/?term=Service%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=16034010
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrews%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=16034010
https://www.ncbi.nlm.nih.gov/pubmed/?term=Collazo-Clavell%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=16034010
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lloyd%20RV%5BAuthor%5D&cauthor=true&cauthor_uid=16034010
https://www.ncbi.nlm.nih.gov/pubmed/16034010
https://www.ncbi.nlm.nih.gov/pubmed/16034010

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Samuk 1, Afriat R, Horne T, Bistritzer T, Barr J, Vinogrand I. Dumping Syndrome
following Nissen Fundoplication, Diagnosis, and Treatment. J Pediatr Gastroenterol Nutr
1996;23:235-40.

Michaud L, Sfeir R, Couttenier F, Turck D, F Gottrand F : Dumping Syndrome after
Esophageal Atresia Repair without Antireflux Surgery Pediatr Surg. 2010;45(4):E13-E15
Vukovic R, Milenkovic T, Djordjevic M, Mitrovic K, Todorovic S, Sarajlija A, Hussain K:
Postprandial Hyperinsulinemic Hypoglycemia in a Child as a late Complication of
Esophageal Reconstruction. J Pediatr Endocrinol Metab. 2017; 0139

Montgomery M, Escobar-Billing R, Hellstrom PM, Karlsson KA, Frenckner B : Impaired
Gastric Emptying in Children with Repaired Esophageal Atresia: a Controlled Study. J
Pediatr Surg 1988;33:476-80

Yagi M, Homma S, lwafuchi M, Uchiyama M, Matsuda Y, Maruta T : Electrogastrography
after Operative Repair of Esophageal Atresia. Pediatr Surg Int 1997;12:340-3.

Calabria AC, Gallagher PR, Simmons R, Blinman T, De Leon DD : Postoperative
Surveillance and Detection of Postprandial Hypoglycemia after Fundoplasty in Children. J
Pediatr 2011;159:597-601.

Anderson KD, Guzzetta PC : Treatment of congenital microgastria and dumping syndrome.
J Pediatr Surg 1983;18:747-50.

Guemes M, Melikyan M, Senniappan S, Hussain H : Pediatr Endocrinol Metab Idiopathic
Postprandial Hyperinsulinaemic Hypoglycaemia 2016; DOI 10.1515/jpem-2016-0043
Holschneider P, Dlbbers M, Engelskirchen R, Trompelt J, Holschneider AM Results of the
Operative Treatment of Gastroesophageal Reflux in Childhood with particular focus on
Patients with Esophageal Atresia. Eur J Pediatr Surg 2007;17:163-75.

Borgnon J, Tounian P, Auber F, Larroquet M, Boeris Clemen F, Girardet JP, Audry G :
Esophageal Replacement in Children by an Isoperistaltic Gastric Tube: a 12-year
experience. Pediatr Surg Int 2004;20:829-33.

Borovoy J, Furuta L, Nurko S : Benefit of Uncooked Cornstarch in the Management of
Children with Dumping Syndrome Fed Exclusively by Gastrostomy. Am J Gastroenterol
1998;93: 814-818.

Lehnert H, Beyer J, Weber P, Krause U, Schrezenmeir J : Treatment of Severe Reactive
Hypoglycemia with a Somatostatin Analogue (SMS 201-995). Arch Intern Med 1990;150:
2401-2402.

Thondam SK, Nair S, Wile D, Gill GV: Diazoxide for the treatment of hypoglycaemic
dumping syndrome. Qjm 2013; 106:855-8.

Khoshoo V, Reifen RM, Gold BD, Sherman PM, Pencharz PB : Nutritional Manipulation in
the Management of Dumping Syndrome. Arch Dis Child 1991;66:1447-1448.

Timlin MR, Black AB, Delaney HM, Matos RI, Percival CS : Development of Pulmonary
Hypertension During Treatment with Diazoxide: A Case Series and Literature Review.
Pediatr Cardiol. 2017; 38(6):1247-1250.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vukovic%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28693122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milenkovic%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28693122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Djordjevic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28693122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitrovic%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28693122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Todorovic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28693122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarajlija%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28693122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussain%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28693122
https://www.ncbi.nlm.nih.gov/pubmed/28693122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iwafuchi%20M%255BAuthor%255D&cauthor=true&cauthor_uid=9244094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uchiyama%20M%255BAuthor%255D&cauthor=true&cauthor_uid=9244094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matsuda%20Y%255BAuthor%255D&cauthor=true&cauthor_uid=9244094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maruta%20T%255BAuthor%255D&cauthor=true&cauthor_uid=9244094
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borgnon%20J%255BAuthor%255D&cauthor=true&cauthor_uid=15243776
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tounian%20P%255BAuthor%255D&cauthor=true&cauthor_uid=15243776
https://www.ncbi.nlm.nih.gov/pubmed/?term=Auber%20F%255BAuthor%255D&cauthor=true&cauthor_uid=15243776
https://www.ncbi.nlm.nih.gov/pubmed/?term=Larroquet%20M%255BAuthor%255D&cauthor=true&cauthor_uid=15243776
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boeris%20Clemen%20F%255BAuthor%255D&cauthor=true&cauthor_uid=15243776
https://www.ncbi.nlm.nih.gov/pubmed/?term=Girardet%20JP%255BAuthor%255D&cauthor=true&cauthor_uid=15243776
https://www.ncbi.nlm.nih.gov/pubmed/?term=Audry%20G%255BAuthor%255D&cauthor=true&cauthor_uid=15243776

Table 1. Clinical features, biochemical investigations and treatment response in two patients with
PPHH.
___
SRR A,
malformation
Age at surgery (days)
Type of surgical procedures

Dysmorphic features None Wolf-Hirschhorn Syndrome
. Mmonts  Smonths
Symptoms at presentation Hypoglycaemic seizure Incidental episode of hypoglycaemia

Feeding plan at presentation

Provocation test. Mixed meal test Mixed meal test
Time of hypoglycaemia. 90 minutes 60 minutes

Results. capillary glucose 2.6mmol/L, Insulin 3.0mU/L capillary glucose 1.9mmol/L, insulin 17.9mU/L
Response to Acarbose
(max dose)
Response to Diazoxide Unresponsive Responsive

(max dose ) (5 mg/kg/day ) (7 mg/kg/day )

Discontinued due to Pulmonary hypertension
Response to Continuous Feeds I

Feeding regimen 12 hours continuous feed 20 hours continuous feeds
3hourly breaks twice a day Very small oral intake day time
2hourly breaks twice a day



