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A Multidisciplinary Approach to the Focal Form of Congenital
Hyperinsulinism Leads to Successful Treatment

by Partial Pancreatectomy
By N. Scott Adzick, Paul S. Thornton, Charles A. Stanley, Robin D. Kaye, and Eduardo Ruchelli

Philadelphia, Pennsylvania
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ackground/Purpose: Congenital hyperinsulinism (HI)
auses severe hypoglycemia in neonates and infants. Reces-
ive mutations of the beta-cell KATP channel genes cause
iffuse HI, whereas loss of heterozygosity together with

nheritance of a paternal mutation cause focal adenomatous
I. Although these 2 forms of HI are clinically identical, focal
I can be cured surgically. The authors reviewed their expe-

ience with partial pancreatectomy for focal HI.

ethods: From December 1998 to January 2003, 38 patients
ages 2 weeks to 14 months; median age, 10 weeks) were
reated with partial pancreatectomy for focal HI. Before sur-
ery, patients had localization studies using selective arterial
alcium stimulation with venous sampling or transhepatic
ortal venous sampling. At operation, the focal lesion was
ound using the preoperative localization data and multiple
ancreatic biopsies with frozen section analysis, followed by
artial pancreatectomy. A complete response at follow-up
as defined as no requirement for glycemic medications, no

ontinuous tube feedings, and no diabetes mellitus.

esults: Nineteen pancreatic focal lesions were in the head;
5 were in the neck, body, or tail; and 4 had more extensive
is
is

ia in
age.
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nvolvement. Lesions that required substantial resection of
he pancreatic head underwent Roux-en-Y pancreaticojeju-
ostomy to preserve the normal body and tail. Lesions of the
ody or tail were usually treated with partial distal pancrea-
ectomy. Ninety-two percent (35 of 38) of patients had a
omplete response to surgery. Three patients have required
lycemic medications. No patient is diabetic. Surgical com-
lications included additional resection for residual disease
3), small bowel obstruction requiring laparotomy and en-
erolysis (2), and chylous ascites (3) that resolved with med-
cal management.

onclusions: A multidisciplinary approach to patients with
he focal form of congenital hyperinsulinism can distinguish
ocal from diffuse disease, localize focal lesions, and permit
artial pancreatectomy with cure in most patients.
Pediatr Surg 39:270-275. © 2004 Elsevier Inc. All rights

eserved.

NDEX WORDS: Hyperinsulinism, hypoglycemia, pancreate-
tomy.
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NAPPROPRIATE OVERSECRETION of insulin
the hallmark of congenital hyperinsulinism (HI). It

he most common cause of persistent hypoglycem
eonates and can lead to irreversible brain dam1

ecent studies have shown that abnormalities of

ATP channel, which are encoded by the sulfonylu
eceptor 1 (SUR1) andKir6.2 genes, are responsible
ltered control of insulin secretion.2-4 In response t
levated glucose levels, the KATP channel closes, dep-

arizing the �-cell membrane and initiating calcium
ependent release of insulin from the�-cell storage
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ranules. Uncontrolled insulin secretion may occu
ither the SUR1 or Kir6.2 proteins are defective.5 The
UR1/Kir6.2 form of HI may not be controlled wi
edical therapy such as diazoxide, which acts on S

o suppress insulin secretion, and pancreatectom
ften necessary. In contrast, surgery is not usually
ssary in other genetic forms of HI that result fr
utations of glucokinase or glutamate dehydroge
enes that are responsive to diazoxide treatment.6

Neonates with HI may have either diffuse involvem
f the pancreatic�-cells or focal adenomatous islet c
yperplasia. Mutations of the SUR1/Kir6.2 complex
ear to be involved in both of these types. Reces
utations cause diffuse HI, whereas loss of heterozy

ty together with inheritance of a paternal mutation ca
ocal adenomatous HI.7 These 2 forms of HI are clin
ally identical. Patients with diffuse disease often req
ear-total pancreatectomy, which has the long-term
f diabetes mellitus.8 Conversely, babies with focal d
ase potentially can be cured with a selective pa
ancreatectomy with little risk of subsequent diabe9

e reviewed our experience with a multidisciplin

pproach (pediatric endocrinology, interventional radiol-

ournal of Pediatric Surgery, Vol 39, No 3 (March), 2004: pp 270-275
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271FOCAL HYPERINSULINISM
gy, pathology, and surgery) to patients with the fo
orm of HI to distinguish focal from diffuse diseas
ocalize focal lesions, and treat focal disease with pa
ancreatectomy.

MATERIALS AND METHODS

tudy Population

This retrospective review was approved by the Institutional Re
oard at the Children’s Hospital of Philadelphia (CHOP), Prot
2949. From December 1998 to January 2003, 38 patients were t
ith partial pancreatectomy for focal HI at the Center for Hyperin

inism at CHOP. Two additional HI patients were referred to our ce
fter a focal lesion was not found during 95% pancreatectomy.
ach underwent exploration, and the focal lesion in the residual
reas was excised.
During this same 4-year period, there were 24 patients with di
I who had intraoperative biopsies to confirm the diagnosis and
nderwent near-total pancreatectomy. The diagnosis, treatmen
linical outcome of these diffuse HI patients are not reviewed in
eport.

iagnosis and Medical Management by Pediatric
ndocrinology

The diagnosis of congenital HI was established if fasting hypo
emia (glucose�50 mg/dL) occurred simultaneously with an inapp
riately elevated plasma insulin (�2.0 �U/mL), low plasma beta
ydroxybutyrate (�2.0 mmol/L) and free fatty acids (�1.5 mmol/L),
nd an inappropriate glycemic response to intravenous glucagon�30
g/dL rise in serum glucose level). Medical therapy to main
uglycemia was standardized and involved high continuous int
ous infusions of glucose as measured by the Glucose Infusion
which is the amount of glucose infused in milligrams per kilogram
inute), frequent oral feedings, and administration of diazoxide,

agon, octreotide, and occasionally nifedipine. Before surgery, pa
nderwent acute insulin response (AIR) testing while on the ped
ndocrinology service to distinguish focal from diffuse HI. The te
ique and findings for AIR testing have been described previous
ur group.10,11

ocalization Procedures Performed by Interventional
adiology

The next step in the diagnostic evaluation was the Arterial Stim
ion with Venous Sampling (ASVS) test. The technique of sele
ntraarterial injection of calcium gluconate to locate insulinoma
dult patients was first described by Doppman12 and has been modifie

o be applied in infants by our group.11 A catheter was positioned in t
ight hepatic vein using a right internal jugular vein approach. B
amples for insulin levels were obtained through the hepatic
atheter after selective injection of calcium into the arteries (gast
denal, superior mesenteric, and splenic arteries) that supply v
egions of the pancreas. An immediate rise in insulin from stimula
n only 1 artery suggests focal HI in the corresponding area o
ancreas (gastroduodenal artery—pancreatic head, superior mes
rtery—uncinate process and neck, splenic artery—pancreatic b

ail), whereas an insulin rise in all 3 areas suggests diffuse HI. A
atients also underwent transhepatic portal venous catheteri
THPVS) and selective sampling of the pancreatic veins using
echnique first described by Brunelle et al.13 Both techniques requi
hat the patient be off all glycemic medications (5 days for diazo

to 2 days for octreotide) before catheterization under general
hesia. THPVS requires that glucose levels be maintained at 50 m

uring the procedure compared with 60 to 80 mg/dL for ASVS. For l
d

d

e

s

ric
r

n

-

HPVS, the pancreatic venous insulin levels were compared
imultaneously drawn plasma levels of insulin and glucose.

urgical Procedure and Histopathology

All operations were approached in a similar manner via a trans
upraumbilical laparotomy. The pancreas was exposed by an ex
ocher maneuver, entry into the lesser sac, and mobilization o
pleen and the inferior border of the pancreas. The pancrea
nspected under 3.5 loupe magnification in an attempt to visual
ocal lesion. If no focal lesion was seen, then 3- to 5-mm-diam
iopsy specimens were taken each from the pancreatic head, bod

ail. The specimens were placed in freezing embedding medium
matrix; Thermo Shandon, Pittsburgh, PA) and snap frozen. Cry
ections were fixed in methanol and stained with H & E. When thes
andom specimens showed normal pancreatic histology, a fu
earch for the focal lesion using the preoperative localization dat
onducted. Additional biopsy specimens of suspicious areas con
o be obtained until the focal lesion was diagnosed by frozen se

The histologic criteria of Rahier et al14 were used for the diagnos
f the focal lesion. Briefly, a focal lesion is characterized b

umorlike proliferation of islet cells that push exocrine elements a
r haphazardly incorporate them (Fig 1). Unlike insulinomas, the

esion retains the lobular architecture of the normal pancreas
xocrine elements usually remain within the lesion. The lesions
ave irregular borders, and the endocrine cells frequently have en
uclei. Islets outside the lesion appear normal. Insulinomas also

rom focal lesions because they usually are straightforward to ide
ntraoperatively and occur in older children. Patients with dif
isease have abnormal islets containing 5% to 10% of cells
nlarged nuclei present throughout the pancreas.15

Once the focal lesion was identified, a partial pancreatectomy
erformed using frozen sections of margins to ensure a com
esection. For periductal lesions in the body and tail, a distal pan
ectomy was performed. Lesions that required substantial resect
he pancreatic head were reconstructed with Roux-en-Y pancrea
unostomy to preserve the normal body and tail. After the surger
rozen samples were processed for routine histology and confirm
f findings based on paraffin-embedded sections.

ostoperative Care and Follow-up

Postoperative management was standardized by a clinical
athway including the use of the Glucose Infusion Rate to qu

ate the patient’s glucose requirement. After hospital discharg
omplete response at follow-up was defined as no requireme
lycemic medications, no continuous tube feedings, and no dia
ellitus.

RESULTS

For the 38 patients with focal HI, there were 21 g
nd 17 boys. The age at operation ranged from 13

o 14 months with a median age of 10 weeks.
Nineteen focal lesions were in the pancreatic head
ere in the neck, body, or tail; and 4 had more exten

nvolvement. Although 27 lesions were 10 mm or les
iameter, 11 lesions were larger than 10 mm, and s
ere much larger than that size. Some lesions
ctopuslike tentacles that made imperative the intr
rative confirmation of clear margins by frozen sec
nalysis. Twelve patients had focal lesions that exte

nto the portion of the pancreatic head that is norm

eft after a 95% pancreatectomy (the region between the
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ommon bile duct and the duodenal wall). Although
ocal lesions maintain a lobular structure similar to that
f the normal pancreas, subtle visual clues (ranging from

Fig 1. (A) Cut surface of pancreatectomy specimen through suspec

ighlights the architecture of the focal lesion (left) and adjacent n

ndocrine tissue in the focal lesion (C) and normal pancreas (D). Not
slightly reddish-brown color to a marblelike appear- s
nce) permitted visual detection of the lesion intraoper-
tively by the surgeon in 24 of the 38 cases, including 18
f the last 23 cases. Accurate preoperative localization

ocal lesion (marked by suture). (B) Chromogranin A immunolabelling

l pancreas (right). (C&D) Comparison of cytologic features of the

arged nuclei.
ted f

orma
tudies greatly facilitated the visual search for a focal
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273FOCAL HYPERINSULINISM
esion. In some cases, the lesion felt firmer than the
urrounding normal pancreas.

ASVS was performed in 36 patients (2 other patients
ad arteries that were too small for cannulation), and
ranshepatic catheterization of the portal and pancreatic
eins was performed either instead of or in addition to
SVS in 6 others. The region of hypersecretion of

nsulin was identified by ASVS in a total of 26 of 36
72%) cases, whereas transhepatic catheterization pro-
uced accurate localization data in only 2 of 6 (33%) of
ases. Three patients had femoral arterial thombosis after
SVS, which was treated successfully with either sys-

emic anticoagulation or thrombolysis therapy.
Five patients with lesions that required substantial

esection of the pancreatic head underwent Roux-en-Y
ancreaticojejunostomy to preserve the normal pancre-
tic body and tail. Lesions of the body or tail that were
ear the main pancreatic duct were treated with partial
istal pancreatectomy. The extent of pancreatectomy
anged from 5% to 98%. Most patients (63%) underwent
pancreatectomy of 50% or less.
Ninety-two percent (35 of 38) of patients had a complete

esponse to surgery. Three patients have required glycemic
edications. No patient is diabetic. There were no injuries

o the common bile duct and no cases of duodenal necrosis,
nd the spleen was preserved in all cases. In 3 cases
nvolving a lesion in the pancreatic head, the lesion was not
ompletely resected, hypoglycemia persisted postopera-
ively, and another laparotomy was required for resection of
esidual disease with cure in 2 of the 3 patients. Other
urgical complications included 3 cases of chylous ascites
hat resolved quickly with a change to an elemental formula
nd 2 cases of small bowel obstruction requiring laparot-
my and lysis of adhesions.

For the 2 additional patients who were referred after
5% pancreatectomy performed elsewhere, the focal le-
ion was present in the residual pancreatic head tissue
nd the lesion was resected. One patient is an insulin-
ependent diabetic and also requires pancreatic enzymes.
he other patient has persistent hypoglycemia requiring
edical therapy despite 2 operations leading to a com-

lete pancreatectomy with choledochoduodenostomy;
e suspect that there is additional unresected focal dis-

ase within the duodenal wall.

DISCUSSION

Congenital hyperinsulinism is a rare derangement of
lucose metabolism, which carries an estimated incidence
f 1 to 1.4 in 50,000 live births, leading to 80 to 120 new
ases in the United States each year.1 Subtotal pancreatec-
omy for management of persistent infantile hypoglycemia
as first performed at the Children’s Hospital of Philadel-
hia in 1950.16 In 1999, we reported a 35-year experience
ith subtotal (�95%) and near-total (95% to 98%) pancre-

17
tectomy in 53 patients with HI. We found that 21% of m
he patients had histologic evidence of a focal lesion in the
ancreatectomy specimen. From December 1998 until Jan-
ary 2003, there were 64 pancreatectomies for HI per-
ormed at CHOP, and 40 (62.5%) of these cases proved to
e focal disease suggesting that focal adenomatous islet cell
yperplasia is more frequent than previously appreciated.
e Lonlay-Debeney and the group from Paris described a
ethod of transhepatic portal and pancreatic venous sam-

ling of insulin to distinguish focal from diffuse HI.13

ifferentiating between focal and diffuse disease with pre-
perative transhepatic portal venous sampling and intraop-
rative histologic techniques permitted limited pancreatec-
omy that was curative in patients with focal disease, and
his approach prevented the development of postoperative
iabetes.18,19

We adopted the strategy promulgated by the Paris
roup, and modified it by developing 2 additional pre-
perative diagnostic methods in the infants—acute insu-
in response testing 10,11 and an angiographic localization
rocedure using selective arterial calcium injection
ASVS). Since 1989, THPVS has been considered the
est diagnostic technique because it can give precise
nformation about focal lesion location. However, we
ow prefer ASVS for regional localization of a focal
esion, and this technique was successful in providing
seful information about lesion location in 72% of our
ases. Unlike ASVS, THPVS requires strictly controlled
ypoglycemia to suppress insulin release from normal
ancreas, is technically more difficult to perform, and
andates large-volume venous sampling that invariably

eads to blood transfusion. In addition, THPVS is more
echnically challenging than ASVS because of the diffi-
ulty of catheterizing all of the small peripancreatic
eins. Although ASVS only provides localization by
ancreatic region, we have found that this is sufficient to
uide the intraoperative search for the lesion by both
oupe-enhanced visualization and analysis of frozen sec-
ion biopsies. We also have learned that greater operative
xperience led to more frequent intraoperative visualiza-
ion of the focal lesion.

We have tried other diagnostic radiology tests such as
ltrasound scan (both preoperative and intraoperative),
agnetic resonance imaging, computerized tomography,

ontrast angiography, radio-labelled octreotide scans,
nd positron emission tomography, but all have been
nsuccessful in identifying these small lesions. For in-
ulinoma localization in adults, intraoperative saline in-
ection into the pancreas followed by tissue aspiration
ith rapid insulin measurements has been helpful,20 but
e found that this localization technique was untenable

n the fragile neonatal pancreas.
Because more than 50% of the focal lesions in this

eries involved the pancreatic head, conventional 95%
ancreatectomy would have been inadequate therapy in

any of these cases. The 2 patients who underwent 95%
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274 ADZICK ET AL
ancreatectomy elsewhere with the focal lesion remain-
ng within the residual pancreas, are good examples of
his potential pitfall. With pancreatic head lesions close
o the common bile duct or pancreatic duct, it can be
ricky to excise all of the lesion, particularly if there are
entacles of diseased tissue that emanate from the lesion.
o ensure complete lesion resection in these challenging
ases, we now have a low threshold to remove most or all
f the pancreatic head followed by Roux-en-Y pancre-
ticojejunostomy to drain the remaining pancreatic body
nd tail. Early in our experience, we were reluctant to use
his approach in neonates and infants, but this led to
nadequate resection in a few cases, which necessitated
ither another resection or continued medical therapy.

Patients with diffuse disease have recessively inher-
ted mutations of the SUR1/Kir6.2 complex, whereas
atients with focal disease have normal �-cells as well as
focal clone of abnormal �-cells that are homozygous

or the SUR1/Kir6.2 mutation. The focal lesions arise by
2-hit loss-of-heterozygosity mechanism. First, there is
specific loss of maternal alleles of the imprinted chro-
osome region 11p15 in cells from the focal lesion but

ot in the surrounding normal pancreatic cells. Second,

here is a transmission of a mutation of SUR1/Kir6.2 in f
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ele.21 In the future, molecular biology testing of periph-
ral leukocytes may help differentiate focal from diffuse
isease. However, the search for mutations is currently
f limited use in clinical practice because the process
akes many weeks, and not all mutations are known.

We have learned that a multidisciplinary approach
nvolving pediatric specialists in endocrinology, inter-
ention radiology, pathology, and surgery can effectively
iagnose and treat cases of congenital HI. A calcium
ngiogram can localize focal lesions within a specific
egion of the pancreas. Preoperative localization studies
acilitate the intraoperative search for the focal lesion
sing loupe-magnification and frozen section analysis of
ancreatic biopsies. Once the lesion is found, a partial
ancreatectomy can be performed. This management
trategy can help avoid the need for near-total pancrea-
ectomy, which can miss a focal lesion in the pancreatic
ead and can lead to the ultimate development of diabe-
es mellitus. This study supports the importance of ef-

orts to diagnose and localize focal lesions.
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Discussion
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Unidentified Speaker: Scott, I was very impressed
ith this beautifully presented paper, and I have a ques-

ion. The very difficult area of dissection there around the
ommon bile duct, I wonder if you have any tips as to
ow one might accomplish that.
N.S. Adzick (response): One of the tricks that I learned

ctually from Professor Lewis Spitz is that one can put a
essel loop around the distal common bile duct and then
wing that within the duodenal C-loop, and then one can
race the common duct right through the head of the
ancreas.
P. Bagolan (Rome, Italy): Thank you, Dr Adzick. I

njoyed very much your paper. My question is, in your
pinion, is there any place for laparoscopy in the diag-
ostic flow chart to do laparoscopy and multiple biopsies
o distinguish between diffuse and focal before definitive
urgery?

N.S. Adzick (response): We all know that folks
re doing more and more things via laparoscopy, and
t is conceivable that one could do this operation
aparoscopically, but I think it would be extraordinarily
ifficult.
L. Spitz (London, England): It has taken many years to
onvince me of the existence of the focal form of the 4
ondition, but I am now converted. Our problem with
ancreatic venous sampling is an accuracy rate of only
0% in localizing the focal area.
We have recently used laparoscopy to biopsy the tail

f the pancreas, which is then submitted for histopatho-
ogic examination. If this shows diffuse disease, we will
roceed to near-total pancreatectomy, and we would only
erform pancreatic venous sampling if the biopsy
howed focal disease.

N.S. Adzick (response): I think we will hear much
ore today from Professor Fekete when she reviews

heir experience in Paris.
J. O’Neill (Nashville, TN): During the time that you

ncountered these focal lesions, how many diffuse le-
ions were there? Because this would tell us a little bit
bout the incidence at least over this 4-year period.

N.S. Adzick (response): During that same 4 years,
here were 24 patients who had diffuse disease who
nderwent near-total pancreatectomy, and there were
referrals of patients who had focal disease who had

ad a 95% pancreatectomy done elsewhere and still
ad the focal lesion in the remnant in the pancreatic
ead, so that brings the total number of patients during

years to 64.
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