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Abstract. Tslet cell dysmaturation syndrome is the most common cause of
hypoglycemia in early infancy. A retrospective study patterns of Islet cell
dysmaturation syndrome among infants presenting with hypoglycemiais on
28 patients from 2007-2011, follow-up mean 12.8 + 6.8 months, was
conducted. Diagnosed based on high intravenous glucose requirement, high
insulin/glucose ratio, negative urinary ketones, and duration of repeated
episodes of hypoglycemia more than 6 months. Enrolled patients underwent
neurological assessment, both radiological and electrophysiological. Patients
who failed medical therapy underwent near-total pancreatectomy. Transient
hypoglycemia of infancy found in 16 patients 57% and islet cell
dysmaturation syndrome in 43%. Eight of them presented with
hypoglycemic seizures. Most of the cohort required near-total
pancreatectomy 58.3%. Three pancreatectomized patients developed insulin-
dependent diabetes mellitus. Two medically treated patients developed
insulin-dependent diabetes mellitus and weight gain. The majority (91.7%)
was followed-up to at least 1 year of age (follow-up was 14.8 + 6 months).
Four suffered from repeated hypoglycemic seizures during follow-up. Early
intervention is necessary to avoid neurological damage. Surgically and
medically treated patients are at risk of developing insulin-dependent
diabetes mellitus. Morbidity in survivors of Islet cell dysmaturation
syndrome is high and calls for greater awareness, early diagnosis and genetic
counseling.
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Introduction

Islet cell dysmaturation syndrome (ICDS), also known as persistent
hyperinsulinemic hypoglycemia of infancy (PHHI) and formally known
as nesidioblastosis, is a disorder of glucose metabolism characterized by
inappropriate  insulin secretion and profound hypoglycemial'.
Hypoglycemia of infancy can be either transient or persistent™. Transient
hypoglycemia of infancy usually resolves within 6 month of its onset and
rarely requires medical intervention. The incidence of ICDS in general
has been reported to be lower than that in the Kingdom of Saudi Arabia,
1:50,000 vs. 1:2500 per live births, respectively. This is mainly due to the
high prevalence of consanguinity in Saudi Arabia, which lead to an
increase in familial cases of ICDS in contrast to the general population
where most cases are sporadic’®*. However, this very high incidence in
Saudi Arabia, 20 times more than other part of the world as quoted in
more than 200 papers in the English literature, neither substantiated by
the number of cases in reported studies from Saudi major medical
centers. Whether as single or multicenter, in short or long term
cumulative follow up studies''” nor observed in our clinical practice
over the last 30 years.

Insulin, which is secreted from the pancreatic B-cells, is controlled by
the Katp channels. Two proteins play a major role in the balance of the
Katp channels; these proteins are coded for by the sulfonylurea receptor
gene and the inward rectifying potassium channel subunit gene. It has
been reported that anomalies of these genes is recognized in less than
60% of patients with ICDS, which explained inappropriate release of
insulin by the B-cells!'"'?. Familial forms may be caused by several
recessive or dominant genetic defects, including the sulfonylurea
receptors (SUR1) gene!'); the potassium inward rectifying receptors
(Kir6.2) gene!'”; the glutamate dehydrogenase gene!”’ and the
glucokinase gene!'”. ICDS is the most common cause of hypoglycemia
in early infancy. It requires both, early and aggressive treatment to
prevent irreversible brain damage!’>"'”). Management modalities of this
syndrome mainly are high glucose infusion and a high calorie diet,
medical therapy with diazoxide, which is not always effective especially
in familial cases, somatostatin analogues (octreotide) or both. When all
other options had been exhausted then surgical intervention (near-total

pancreatectomy) is required!'®.
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In the presented study, it describes the patterns of ICDS among Saudi
infants presenting with hypoglycemia at King Abdulaziz University
(KAU) Hospital, and reporting our experience in medical and surgical
management of patients with hyperinsulinmic hypoglycemia.

Methodology

This is a prospective study conducted on 28 children (7 girls and 21
boys) at KAU Hospital in Jeddah, Saudi Arabia, who presented with
hypoglycemia between 2007 and 2011. Overall mean and standard
deviation (SD) of the follow-up period were 12.8 £ 6.8 months,
respectively (ranging from 2 to 30 months). Infants with other forms of
hypoglycemias with specific metabolic / endocrine derangements or
hyperinsulinism associated with specific syndromes like Beckwith's or
familial adenomatosis were excluded. Detailed history regarding the
onset, duration and nature of hypoglycemic episodes and all details of
birth history, family history, sibling affection and consanguinity, as well
as physical examination findings were recorded.

Islet cell dysmaturation syndrome (ICDS) was diagnosed based on
high intravenous glucose infusion > 12 mg/kg/minute, insulin to glucose
ratio > 0.3, 30 minute-glucose increment > 30 mg/dL (1.67 mmol/L) in
response to 0.5 mg intramuscular glucagon, and negative urine ketones.
Transient hypoglycemia of infancy was defined as hypoglycemia that
begins during infancy recurring over period of less than 6 months, and
resolving spontaneously without the need for somatostatin analogues or
surgery. Growth hormone (GH), cortisol, adrenocorticotrophic hormone
(ACTH), insulin, lactate, ammonia and urinary ketones were measured
during hypoglycemia. Patient neurological assessment was performed,
both radiologically via magnetic resonance imaging (MRI) or computed
tomography (CT), and electrophysiologically via electroencephalogram.
Preoperative assessment of the pancreas performed on all patients
through ultrasound and computed tomography (CT). Our management
policy was to maintain blood sugar level at > 60 mg/dL (3.33 mmol/L).

Medical therapy included diazoxide (maximum dose, 20 mg/kg/day)
and octreotide (maximum dose, 20 mcg/kg/day) as well as intravenous
glucose infusion. Anticonvulsants were used for uncontrolled seizers;
mainly in those who had a delayed referral to our center, thus a delay in
therapy initiation. Continuous intravenous glucagon infusion was also
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used when necessary. If medical therapy as initial management failed
(development of side effects or lack of response), the patient was
subjected to near-total pancreatectomy (95%).

The surgical technique used began with wide upper abdominal
incision. Pancreas was then approached in the bed of the lesser sac
through the divided gastrocolic ligament, with the securing divided blood
vessels then mobilizes the duodenum. Then, expose the head, body and
tail of the pancreas (Fig. 1). In all of the patients, the pre-operative
radiological ultrasound and CT scanning of the pancreas were of normal
finding and intra-operative inspection, and palpation of the whole
pancreas did not indicate any focal swelling or nodularity. Intra-operative
biopsies were taken for frozen-section histopathology to confirm the
diffuse nature of the condition. A near-total pancreatectomy (95%) in all
operated patients (Fig. 2) starting pancreatic mobilization from tail to
body saving the spleen was performed. Utilizing bipolar coagulation in
dividing  short  pancreatic =~ vessels  crossing  its  upper

Fig. 1. Full exposure of the pancreas intra-operative view.
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Fig. 2. Post near- total pancreatectomy.

boarder. This very much facilitates the dissection of the tail and body,
thus reducing the operative time of the procedure. The dissection
continues toward the uncinate process. The superior mesenteric vessels
mobilized to the left and the uncinate process, and the head carefully
dissected until the common bile duct identified above the first part of the
duodenum. Then, resect the pancreas to the Lt of the intrapancreatic
common bile duct leaving rim of the pancreatic tissue covering the duct
and inner aspect of the C loop of the duodenum. No further trial of
resection of pancreatic tissue as this will increase the risk of injury to the
common bill duct. Gentle pressure applied on the liver and gall bladder to
help in the identification of the common bile duct, and to exclude its
injuries and bile leakage. The pancreatic duct was ligated. Intra-
peritoneal drain was left in the pancreatic bed for 48-72 h
postoperatively. Gastric tube was applied, broad spectrum antibiotic
started and continued for 5 days. The resected pancreatic tissue sent for
histopathological examinations. Intravenous nutrition continues until
patient tolerates the oral intake within 3-5 days. Blood glucose monitored
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frequently, both intra-operatively and post-operatively. Accordingly,
administration of insulin was given to patients who developed
hyperglycemia, but if the patient remained hypoglycemic (blood glucose
< 3.33 mmol/L), a second cycle of medical therapy (diazoxide and
octreotide) was started. Glucose infusion was continued and adjusted
according to the infant blood glucose. Patient clinical follow-up data was
also reviewed.

Statistical Analysis

Data was gathered on a digital datasheet from KAUH Phoenix
database and patient clinical charts from KAU archives. Tables were
exported to the SPSS version 16 software, where the data was analyzed.
Continues variables were presented as means and SD and categorical
data as percentages. This study was approved by the Biomedical Ethics
Department at Faculty of Medicine, KAU.

Results

In our cohort, 12/28 infants (43%) had ICDS. The remaining enrolled
patients 16/28 (57%) had transient hypoglycemia of infancy. Of those
with transient hypoglycemia, 4/16 had intrauterine growth retardation,
10/16 had a history of neonatal infection, 9/16 had a history of
macrosomia, and one had a history of preterm delivery. In this group,
only 3/16 patients (18.6%) had a history of consanguinity and only 1
patient had a mother with insulin dependent diabetes mellitus (IDDM).
The majority of these patients 11/16 (68.8%) displayed signs of
hypoglycemia in the first day of life, while the remaining infants
developed hypoglycemia between 2-3 days of life. Mean and SD for the
duration of recurrent episodes of hypoglycemia in these infants were
10£7.3 days, respectively (ranging between 4 to 30 days). Only 1 patient
in this group suffered from seizures due to a history of hypoxic ischemic
encephalopathy during his delivery. None of the remaining infants with
transient hypoglycemia of infancy suffered any seizures or reoccurrence
of their disease upon spontaneous recovery, and only two required
diazoxide therapy. Mean, SD and median of follow-up for patients with
transient hypoglycemia of infancy were 11.2, + 6.6, and 12 months,
respectively (ranging from 2 to 29 months). The main reason for
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pediatric clinic follow-up in these patients were routine vaccinations in
8/16 (50%) patients.

Regarding infants with persistent hypoglycemia of infancy, ICDS, all
were the result of a full-term pregnancy except 1 preterm infant. The
birth weights ranged from 3 to 4.9 kg (mean and SD were 4.03 £ 0.67 kg,
respectively). Consanguinity was prevalent in our cohort of ICDS infants
(7/12, 58.3%), 6 parents were first-degree cousins and 1 were second-
degree cousins. Two mothers were gestationally diabetic, 4 mothers had
non-insulin dependent diabetes mellitus, and 1 mother had IDDM, the
later 2 were treated with insulin during pregnancy. Four patients had
history of fetal macrosomia (33.3%), and none had history of intrauterine
growth retardation. Current patient ages ranged from 2 to 53 months
(mean and SD were 27.9, £ 16.2 months, respectively). The age of the
first documented hypoglycemia ranged from first day of life to 12
months. Seizures were the presenting symptom in 8/12 children (66.7%),
5/8 of these children with seizures were born outside our center and had a
delayed referral, thus a delay in therapy initiation. Sweating, tremors and
apnea were the presenting symptom in 4/12 patients (33.3%). All patients
had inappropriately elevated serum insulin level and required high
glucose infusion of more than 12 mg/kg/minute (range, 14-25
mg/kg/minute). Insulin levels during hypoglycemia ranged from 18.6 to
81.7 um/ml (mean and SD, 32.2 + 12.4 um/ml, respectively). Insulin to
glucose ratio ranged from 0.4 to 3.5 (mean, SD and median, 1.6, £ 0.9
and 1.5, respectively). All patients had negative urine ketones and normal
growth hormone, cortisol and ACTH levels, which were collected during
hypoglycemia. Ammonia level was measured for all ICDS subjects and
was elevated in 10/12 (83.3%). Brain MRI and CT studies showed that
4/12 patients (33.3%) had brain atrophy; all of them were
developmentally delayed, upon neurological assessment.
Electroencephalogram was performed in 6/12 children with a history of
hypoglycemic convulsion and delayed development. It showed mild
diffuse slow electrical cortical discharge with no epiliptiform discharges
in 2/6 patients.

All patients with ICDS were treated initially medically with
intravenous glucose infusion and frequent feeding supplemented with
complex carbohydrates (Polycose / corn starch). Only 5/12 patients
(41.7%) had successful medical management, while the remaining 7
(58.3%) underwent near-total pancreatectomy due to failure of medical
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treatment. Diazoxide dosage ranged from 10 to 20 mg/kg/day (mean, SD
and median, 13.2, £ 3 and 13.5 mg/kg/day, respectively) in 3 divided
doses per day, was used in 11 patients. The duration of diazoxide
treatment ranged from 9 days to 26 months (mean, SD and median, 3, £ 7
and 1 month, respectively). Octreotide was used in 5/12 patients (41.7%)
as an adjunctive therapy to diazoxide.

Near-total pancreatectomy was done via open laparotomy in all
patients. The histopathology of all the resected pancreases confirms the
diffuse nature of the disease. Postoperative complications included
postoperative wound infection in 2/7 patients. No patients had bile
leakage or injuries to the common bile duct. The spleens in all operated
patient were preserved. No patients required repeat pancreatectomy. Only
1 patient died, due to persistent fungemia.

Mean, SD and median of follow up for ICDS patients were 14.8, + 6,
and 13 months, respectively (ranging from 3 to 30 months). All patients
with ICDS were followed up to at least 1 year of age; expect one who did
not attend clinic follow-ups after 3 months of hospital discharge. Five
patients of ICDS developed IDDM and required regular insulin
injections, 3 of which had undergone near-total pancreatectomy, two of
them experienced weight gain. Four patients suffered from repeated
hypoglycemic seizures during the follow-up period. Two (2) of them
were pancreatectomized; all of them started second cycle of medical
therapy.

Discussion

Hyperinsulinism is the single most important cause of persistent
hypoglycemia in infants beyond the first few days after birth. Not all
hypoglycemia of infancy is caused by ICDS, indeed some can be
transient and might spontaneously resolve without the need for surgery or
prolonged medical therapy. The differential diagnosis of hypoglycemia
presenting in infancy varied, however, only a few diagnoses make up the
bulk of cases. A convenient way to consider the differential is to divide it
into transient or persistent/recurrent hypoglycemia. There are several
causes of transient hypoglycemia of infancy, mainly maternal and
neonatal conditions. Maternal conditions include intrapartum glucose
given to the mother at a high rate, certain drug such as terbutaline and
oral hypoglycemics, and diabetes in pregnancy. Neonatal conditions



Patterns of Islet Cell Dysmaturation Syndrome among Saudi Infants 11

include transient developmental immaturity of critical metabolic
pathways, birth asphyxia, infection, hyperviscosity, and erythroblastosis
fetalis™'. In our cohort of patients with transient hypoglycemia of
infancy, 3/16 mothers had gestational diabetes mellitus, 4/16 had fetal
intrauterine growth retardation, 10/16 suffered from infection, and 1 had
a history of hypoxic ischemic encephalopathy. There are several red flags
that should merit pediatrician's attention as risk factors related to the
development of hypoglycemia of infancy. These include: 1) Infants of
diabetic mothers, 2) macrosomic newborn, 3) Intrauterine growth
retardation, 4) Stressed infants (i.e., difficult delivery, low Apgar < 7 at
five minutes), 5) Infants of mothers on tocolytics (terbutaline, ritodrine),
oral hypoglycemics or propranolol within 72 hrs before delivery, 6)
Premature infants (< 37 weeks gestational age), 7) Postmature infants (>
42 weeks gestational age)!"”?"). Hypoglycemia of infancy has motleys
presenting symptoms or could also be asymptomatic. The symptoms
include: apnea, jitteriness, exaggerated moro reflex, irritability, poor
sucking or feeding, cyanosis, hypotonia, lethargy or coma, temperature
instability, seizure, tachypnea, heart rate abnormalities (slow or fast),
abnormal cry or vomiting. Pediatricians should bear in mind that because
these symptoms are fairly nonspecific, the differential should include
other entities such as sepsis, hypocalcemia or intracranial hemorrhage, as
appropriate for the clinical setting 122,

Islet cell dysmaturation syndrome (ICDS) is a rare inherited disorder
with a predominant sporadic etiology. However, in Saudi Arabia and
other regions where consanguinity is highly prevalent, the familial cases
are common!**’#]. In our cohort of ICDS patients, consanguinity was
present in 58.3%; other studies reported similar findings (60.5% and
58.1%). Also reported the hypoglycemic convulsions as the most
common presenting complaint similar to our patients (66.7%)™®"). The
mean insulin level was 32.2 um/ml with a mean insulin to glucose ratio
of 1.6, which is relatively lower than the levels reported in other
studies®”*®!. Neonatal ICDS is a major risk factor of severe mental
retardation, developmental delay, and epilepsy. These infants are
especially vulnerable, as they do not produce ketone bodies during
hypoglycemia. Menni ef al.'®), retrospectively studied 90 patients with
ICDS, and found that 21% had psychomotor retardation and 13% had
epilepsy. In our cohort of ICDS patients, 66.7% of the patients had
hypoglycemic convulsion and 33.3% were developmentally delayed. The



12 A.E. Al-Agha et al.

prevalence of developmental delay in our group related to late referral of
the cases with severe attack of hypoglycemia, and unresponsiveness to
medical therapy.

Medical therapy with diazoxide and octreotide has been successful in
several studies®®?”). Less than half of ICDS patients in our cohort
showed a response to medical therapy alone (41.7%). Several studies
reported that the extent of surgical resection in near-total pancreatectomy
endangers future islet cell function and increases the incidence of IDDM,
which is correlated with age™”.  Furthermore, near-total
pancreatectomy does not only affect the endocrine function of the
pancreas but also the exocrine function. In spite of none of our patient
did show any clinical exocrine insufficiency, several studies reported
subclinical exocrine pancreatic insufficiency in pancreatectomized ICDS
children®**"!. The majority of our ICDS patients were treated surgically
(58.3%) and only 41.7% did not require surgery. Other studies reported
even higher percentage of their patients require near-total
pancreatectomy (79.1% and 76.3%)™). A total of 5 patients in our group
developed IDDM, 3 of which were pancreatectomized; however, 2 were
not. Development of IDDM in our non-pancreatectomized ICDS patients
may suggest that those with ICDS will naturally develop diabetes,
whether they were treated medically or surgically or even if they are left
untreated. Seino er al.®¥ reported a possible predisposing factor to
hyperglycemia in ICDS children. Another possible contributing factor to
the development of IDDM in these patients is the use of octreotide,
which was reported to cause pancreatic B-cell apoptosis®®’ Islet cell
dysmaturation syndrome (ICDS) carries a high risk of mortality and
morbidity in survivors, which was estimated to be as high as 45%**.
Only 1 patient died in our group due to persistent fungemia, other studies
had higher mortality rates™),

Conclusion

Islet cell dysmaturation syndrome (ICDS) is relatively common in
Saudi Arabia, mainly due to the high prevalence of consanguinity but not
as high as reported, this incidence should be re-evaluated. Early medical
intervention is imperative in order to avoid permanent neurological
complications. The morbidity in survivors of ICDS is high and calls for
greater awareness, early diagnosis and genetic counseling as this can be a
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familial disorder. Medical management alone can be successful in
controlling ICDS; however, surgery is required in certain cases when
medical treatment fails. It is believed that children with ICDS are prone
to develop diabetes mellitus later in life, which is a process that can be
accelerated by pancreatectomy.

(10]

(11]

[12]

[13]

References

Aynsley-Green A. Nesidioblastosis of the pancreas in infancy. Dev Med Child Neurol
1981; 23(3): 372-379.

Cornblath M, Ichord R. Hypoglycemia in the neonate. Semin Perinatol 2000; 24(2): 136-
149.

Bruining GJ. Recent advances in hyperinsulinism and the pathogenesis of diabetes
mellitus. Curr Opin Pediatr 1990; 2(4): 758-765.

Mathew PM, Young JM, Abu-Osba YK, Mulhern BD, Hammoudi S, Hamdan JA,
Sa'di AR. Persistent neonatal hyperinsulinism. Clin Pediatr (Phila) 1988; 27(3): 148-151.
Haddad MJ, Mathew PM. Role of initial near total (95%) pancreatectomy in persistent
neonatal hyperinsulinism (PNH). Eur J Pediatr Surg 1996; 6(2): 82-85.

Cherian MP, Abduljabbar MA. Persistent hyperinsulinemic hypoglycemia of infancy
(PHHI): longterm outcome following 95% pancreatectomy. J Pediatr Endocrinol Metab
2005; 18(2): 1441-1448.

Al-Rabeeah A, Al-Ashwal A, Al-Herbish A, Al-Jurayyan N, Sakati N, Abobakr A.
Persistent hyperinsulinemic hypoglycemia of infancy: experience with 28 cases. J Pediatr
Surg 1995; 30(8): 1119-1121.

Bin-Abbas BS, Al-Mulhim AN, Sakati NA, Al-Ashwal AA. Persistent hyperinsulinemic
hypoglycemia of infancy in 38 children. Saudi Med J 2003; 24(8): 890-894.

Al-Nassar S, Sakati N, Al-Ashwal A, Bin-Abbas B. Persistent hyperinsulinemic
hypoglycemia of infancy in 43 children: long-term clinical and surgical follow-up. Asian J
Surg 2006, 29(3): 207-211.

Al-Shanafey S, Habib Z, AlNassar S. Laparoscopic pancreatectomy for persistent
hyperinsulinemic hypoglycemia of infancy. J Pediatr Surg 2009; 44(1): 134-138.

Thomas PM, Cote GJ, Wohllk N, Haddad B, Mathew PM, Rabl W, Aguilar-Bryan L,
Gagel RF, Bryan J. Mutations in the sulfonylurea receptor gene in familial persistent
hyperinsulinemic hypoglycemia of infancy. Science 1995; 268(5209): 426-429.

Thomas P, Ye Y, Lightner E. Mutation of the pancreatic islet inward rectifier Kir6.2 also
leads to familial persistent hyperinsulinemic hypoglycemia of infancy. Hum Mol Genet
1996; 5(11): 1809-1812.

Stanley CA, Lieu YK, Hsu BY, Burlina AB, Greenberg CR, Hopwood NJ, Perlman K,
Rich BH, Zammarchi E, Poncz M. Hyperinsulinism and hyperammonemia in infants with
regulatory mutations of the glutamate dehydrogenase gene. N Engl J Med 1998; 338(19):
1352-1357.

Glaser B, Kesavan P, Heyman M, Davis E, Cuesta A, Buchs A, Stanley CA, Thornton
PS, Permutt MA, Matschinsky FM, Herold KC. Familial hyperinsulinism caused by an
activation mutation. N Engl J Med 1998; 338(4): 226-230.

Stanley CA. Hyperinsulinism in infants and children. Pediatr Clin North Am 1997; 44(2):
363-374.

Thomas CG Jr, Underwood LE, Carney CN, Dolcourt JL, Whitt JJ. Neonatal and
infantile hypoglycemia due to insulin excess: new aspects of diagnosis and surgical
management. Ann Surg 1977; 185(5): 505-517.



(18]

[19]

(24]

(23]

[26]

(30]

(31]

[32]

[33]

A.E. Al-Agha et al.

Menni F, de Lonlay P, Sevin C, Touati G, Peigné C, Barbier V, Nihoul-Fékété C,
Saudubray JM, Robert JJ. Neurological outcomes of 90 neonates and infants with
persistent hyperinsulinism hypoglycemia. Pediatrics 2001; 107(3): 476-479.

Shilyansky J, Fisher S, Cutz E, Perlman K, Filler RM. Is 95% pancreatectomy the
procedure of choice for the treatment of persistent hyperinsulinemic hypoglycemia of the
neonate? J Pediatr Surg 1997; 32(2): 342-346.

Kalhan SC, Saker F. Chapter 47 - Metabolic and Endocrine Disorders. In:
Neonatal/Perinatal Medicine. Fanaroff AA, Martin RJ (eds). 6™ ed. St. Louis: Mosby,
1997. 1443-1461.

Hypoglycemia Protocol, Kapiolani Medical Center 1996.

Gomella TL. Chapter 43 - Hypoglycemia. In: Neonatology. Gomella TL, Cunningham
MD, Fabien GE, et al.(eds). 4th ed. New York: Lange Med, 1999. 247-251.

McGowan JE. Neonatal hypoglycemia. Pediatr Rev1999; 20(7): e6-el5.

Otonkoski T, Nénto-Salonen K, Seppinen M, Veijola R, Huopio H, Hussain K,
Tapanainen P, Eskola O, Parkkola R, Ekstrom K, Guiot Y, Rahier J, Laakso M,
Rintala R, Nuutila P, Minn H. Noninvasive diagnosis of focal hyperinsulinism of infancy
with [18F]-DOPA positron emission tomography. Diabetes 2006; 55(1): 13-18.

Desai MP, Khatri JV. Persistent hyperinsulinemic hypoglycemia of infancy. Indian
Pediatr 1998; 35(4): 317-328.

Menni F, de Lonlay P, Sevin C, Touati G, Peigné C, Barbier V, Nihoul-Fékété C,
Saudubray JM, Robert JJ. Neurologic outcomes of 90 neonates and infants with
persistent hyperinsulinemic hypoglycemia. Pediatrics 2001; 107(3): 476-479.

Touati G, Poggi-Travert F, Ogier de Baulny H, Rahier J, Brunelle F, Nihoul-Fekete C,
Czernichow P, Saudubray JM. Long-term treatment of persistent hyperinsulinemic
hypoglycemia of infancy with diazoxide: a retrospective review of 77 cases and analysis of
efficacy-predicting criteria. Eur J Pediatr 1998; 157(8): 628-633.

Thorton PS, Alter CA, Levitt Katz LE, Baker L, Stanely CA. Short- and long-term use
of octreotide in the treatment of congenital hyperinsulinism. J Pediatr 1993; 123(4): 637-
643.

de Lonlay-Debeney P, Poggi-Travert F, Fournet JC, Sempoux C, Vici CD, Brunelle F,
Touati G, Rahier J, Junien C, Nihoul-Fékété C, Robert JJ, Saudubray JM. Clinical
features of 52 neonates with hyperinsulinism. N Engl J Med 1999; 340(15): 1169-1175.
Dacou-Voutetakis C, Psychou F, Maniati-Christidis M. Persistent hyperinsulinemic
hypoglycemia of infancy: long term results. J Pediatr Endocrinol Metabol 1998; 11(Suppl
1): 131-141.

Cade A, Walters M, Puntis JW, Arthur RJ, Stringer MD. Pancreatic exocrine and
endocrine function after pancreatectomy for persistent hyperinsulinemic hypoglycemia of
infancy. Arch Dis Child 1998; 79(5): 435-439.

Dunger DB, Burns C, Ghale GK, Muller DP, Spitz L, Grant DB. Pancreatic exocrine
and endocrine function after subtotal pancreatectomy for nesidioblastosis. J Pediatr Surg
1988;23(2): 112-115.

Seino S, Iwanaga T, Nagashima K, Miki T. Diverse roles of K(ATP) channels learned
from Kir6.2 genetically engineered mice. Diabetes 2000; 49(3): 311-318.

Patel YC, Srikant CB. Somatostatin receptors. Trends Endocrinol Metab 1997; 8(10):
398-405.



Patterns of Islet Cell Dysmaturation Syndrome among Saudi Infants 15

el O S a WIS gzt JIS1 Ll Ll
O sl

gl wdy oy Cdlen lla by ¢ BYINe Gaal) 2o
" uS e ol
Uigiellae Lol deals ¢ bl LS cdafyad) i 5 JI5bY/ and
Dosend) Ly pel) dSlaad) — 3aa

Gl (o GelpSill e WA sy A A0 . aliiina]/
sda & Atk dlaje 8 aal 8 Sl aiil s Y
O oslbpSall 3 LD zaat JI8 Aol Lalail Caas Al
Luhal) s3a Cypal By ol 8 Sl i e Igile () gua)l)
& Sl Gati pa Gilay agdS (Algihall s jay (lagye YA o
TARVYA S anjleel Jasgia ¢ a¥ )Y 5 Y00V ale (p caal
ol (o GlpSall e LA maaiai JIA (a3 o gt
OsSslall [ Gl A o Lls caadly HoSolall g L)
Dol )il aally Sl sla aldasly cdpd A5l Gla gl
p ) Aol 330 €Ll ampall aen quad L el Al
c el a)ll ol Ao eyl Glasadlly sy anll leall
o ol (el ot ulpSall JalS ans Jlaiiul o 2l
332 Syl (dmall s LAl Apall ladlall fspati
e Bl pae asoall (8 Sl Gl (e (silay |5l Al
LoV b andl 8 yladl Akl S el Gad i 4 aluall
Lalie gt i % Apalall Al 33gy A L0 LA e
Ll VA e 78T 8 Sl e LA oy IS
el Sl Gl A At Laall il il (s lgile (aiage



16

A.E. Al-Agha et al.

st Auhall odgs (Z0A,Y) (S)liall puayl) JUAkY) atans
bpacad () (e imye N L el Kall JalS 4t Jlatiud
e Minall (Sl Gaya Ismal GulpSall JalS 4l Jlatiny
lsall Apall Bl Voadse dll (oiayall (e QU - sy
2il5 .yl 8alys cpdsnd¥) e ddinall (o Sl ol gpal Jaid
G ) (£89,V) Auahall o3gy (€Ll ampall Aplle dnglia 3
T EA WS Al lagia) B e janl) (e saaly diu
Al al) 53¢ St (el G Aayl Gyt 28l (et
Aaliall 5y (Pla anll JSu (e G 5,0l Glaaall
o @bl rasll sl sl gyspam HSud) ol Jaail)
Adsihall ddsge (A GelpSll s LA msas A 4D
Ladleall ulpSall )3a LBA moias JI8 A0 Die (e
LYl shal i Gues aa dilsall Aphally Laball Jilusll
2 el amy PVl plsuly) o adiad) (Sl e
sedigddle GulpSadl e LA s JI 3Bl (e (palill

bl ) plall anadiy JSaal) el ol 30k )




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Right
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


