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ABSTRACT
THereditary pancreatitis causes progressive, debilitating pain and medical interventions may
often be futile. Pancreatectomy has long been considered a measure of last resort for control of excruciating pain, but brittle diabetes is the
permanent consequence. Islet autotransplantation
improves glycemic control and minimizes longterm diabetic complications making this an attractive option. We describe three consecutive
pediatric patients (all female, mean age 12.6 years,
weight 71.1 kg, BMI 27.7) with defined genetic
variants of hereditary chronic pancreatitis each
presenting after years of debilitating severe abdominal pain requiring daily narcotics. Computed
tomography imaging revealed calcific pancreatitis. Subsequently each child underwent pancreatectomy with islet autotransplantation (mean islet
mass 333,430 IEQ, or 5,671 IEQ/kg). Pain control
improved markedly without long-term opiates,
early insulin independence occurred in all cases,
and long-term insulin independence with excellent
glycemic control was maintained in 2 cases. Hereditary chronic pancreatitis can be successfully managed with pancreatectomy and simultaneous islet
autotransplantation, and should be considered for
both children and adults that cannot be controlled
by alternative means. We advocate this approach
as first line surgical treatment to preserve maximal transplantable β-cell mass in highly selected
cases with underlying hereditary pancreatitis.

INTRODUCTION
Pediatric patients with hereditary pancreatitis may
suffer from severe debilitating pain refractory to medical interventions. Total pancreatectomy is considered in patients without alternative options to relieve
severe chronic pain, but this procedure causes permanent and severely labile diabetes1. Combining
pancreatectomy with intra-hepatic islet autotran-

splantation, as initially developed by Sutherland, Najarian and colleagues in Minnesota in 1978, preserves
endogenous β-cell mass minimising glycemic fluctuations and long-term diabetic complications2. Currently islet autotransplantation can offer excellent
short and long-term outcomes, with effective and definitive pain control, and rates of 30% insulin independence in adults, and 55% in children after 3 years,
with the majority achieving stable glycemic control
in the absence of hypoglycaemia3-6.
Chronic pancreatitis has a multitude of causes
that can lead to devastating pain requiring opiate
analgesia and can severely impinge upon quality of
life7. Chronic pancreatitis eventually damages insulin secretory capacity and ultimately results in diabetes. Furthermore, in chronic pancreatitis, risks of
pancreatic malignancy increase to 1.8% after 10
years and 4.0% after 20-years with a standardized
incidence ratio of 14.48. This relationship becomes
more clear in studies with hereditary pancreatitis
caused by genetic factors9. Therefore, pre-emptive
total pancreatectomy and islet autotransplantation
may offer long term preservation of endocrine mass
while eliminating risk of malignant transformation,
and the application of this therapy before pancreatic ‘burn-out’ can benefit patients considerably10.
We report three pediatric patients with clearly defined genetic mutations that precipitated chronic pancreatitis who underwent total pancreatectomy and
islet autotransplantation.

SUBJECTS AND METHODS
After obtaining Institutional Review Board (IRB)
approval to investigate outcomes post islet transplant (Pro00001120) parental consent/assent was
obtained. One month before surgery all subjects received pre-splenectomy immunizations. Total pancreatectomy was performed with mobilization of
the entire pancreas and preservation of both the
splenic artery and gastroduodenal artery blood sup1
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ply until just prior to explantation to minimize islet
warm hypoxia11. Reconstruction was performed
whilst the pancreas was being processed in the islet
isolation laboratory. Roux-en Y hepticojejunostomy
and pylorus preserving duodenojejunostomy was
utilized in all cases. A standardized protocol was
used to prepare the islets under good manufacturing
practice conditions. Initially collagenase solution
was injected into the pancreatic duct under continuous perfusion and pancreatic fragments were then
digested at 37 °C in a Ricordi chamber3. The islets
were transplanted within 4 hours after pancreatectomy as unpurified preparations to achieve the highest possible islet yield. Islets were infused over
30 minutes into the stump of the splenic vein under
gravity after administration of heparin (70 units/kg).
Baseline, continuous and final portal pressures were
monitored throughout the infusion using a dual
lumen 9Fr Broviac catheter (Bard Canada, Oakville,
Ontario, Canada). Celiac plexus ablation with 20
mls of 50% ethanol was infused around the celiac
aorta to facilitate effective pain control.

CASE #1
A 14-year old Caucasian female was diagnosed with
hereditary pancreatitis aged 6 after genetic testing revealed she was heterozygous for cationic trypsinogen
mutation N21L. Before diagnosis, she had suffered
from repeated bouts of pancreatitis with severe unremitting abdominal and back pain requiring chronic
opiate medication. Her symptoms progressed and at
age 14 years she was referred for consideration of
total pancreatectomy with islet autotransplantation.
MRI and CT scanning indicated small duct pancreatitis with evidence of a previous laparoscopic
cholecystectomy. Potentiated glucose tolerance test
(GPAIS) performed before surgery confirmed normal baseline endocrine reserve. Total pancreatectomy with splenectomy surgery was carried out in
September 2003, was uneventful, and an islet yield
of 130,551 islet equivalents (IEQ) (1,632 IEQ/kg)
was infused by gravity intraportally. The baseline
portal pressure was 3 mmHg, and rose to 7 mmHg
post-transplant with no evidence of portal hypertension. Post transplant Doppler ultrasound at 24
hours and 7 days demonstrated complete portal venous patency.
Following the surgery she received temporary exogenous insulin to relieve stress on engrafting islets during neovascularisation. Since early C-peptide values
were 4.81 nmol/Land blood glucose levels stable (5.2-

7.9 mmol/L) she was weaned off insulin by 10 days
post transplant, and remained insulin-free for 2 years.
She subsequently returned to small amounts of exogenous insulin likely associated with weight gain, but
has not experienced severe hypoglycemic events with
11 years of follow-up. Although she required daily
narcotics for 7 years before surgery, she was weaned
completely from narcotic medications by 3 months
post transplant.

CASE #2
A 13-year old Caucasian female was referred after
presenting at age 6 with recurrent pancreatitis. Genetic testing confirmed PRSS1 R122H mutation
with a diagnosis of autosomal dominant hereditary
pancreatitis. Severe pancreatitis episodes recurred
monthly before referral, were of approximately 7
day-duration, required frequent hospitalization, resulting in excessive time away from school. Oral
morphine was required to control pain. Pancreatic
exocrine insufficiency with steatorrhea was treated
with Creon (Abbott Laboratories, St-Laurent, Quebec, Canada) exocrine replacement. There was
known family history of diabetes, pancreatitis and
pancreatic carcinoma in a great-aunt and uncle. On
examination, she was thin with a BMI of 18.1.
During attacks, lipase was elevated. Magnetic resonance imaging (MRI) scan demonstrated an atrophic pancreas with a patent splenic vein (Figure 1).
At surgery in February 2012, the pancreas was
found to be fibrotic (Figure 2). Islet isolation yielded 464,523 IEQ (8,634 IEQ/kg) infused intraportally under gravity via the splenic vein stump.
Baseline portal pressure of 6 mmHg rose to 12
mmHg post-transplantation. Post transplant Doppler ultrasound at 24 hours and 7 days demonstrated
complete portal venous patency.

Figure 1. Magnetic resonance (MRI) cross-sectional imaging
showing relatively atrophic pancreas (white arrow) and absence
of pancreatic ductal dilatation.

Figure 2. A, Intraoperative photograph of fully mobilized pancreas and spleen from Case 2.
The black arrows mark both
splenic and gastroduodenal arteries that are maintained intact until
immediately before explantation
and cooling. B, Total pancreatectomy after cooling and cannulation of the pancreatic duct, before
intraductal collagenase distension
in the islet isolation laboratory. C,
Cut surface of the pancreatic neck
demonstrating marked pancreatic
calcification and fibrosis.

She recovered well from the surgery and was discharged without complications. Exogenous insulin
was weaned and discontinued by 3 weeks post transplant with stable glycemic control (5-7.5 mmol/L
with most recent HbA1c 5.4%) currently at 27
months post surgery. Her chronic pain dissipated
completely and she no longer requires any pain medication. She is a competitive swimmer and has
qualified to represent her province.

CASE #3
A 13-year old Caucasian female suffered from chronic pancreatitis with repeated bouts of severe upper
abdominal pain requiring opiate analgesia spanning

Figure 3. Preoperative computed tomography (CT) scan of
Case 3 demonstrating extensive
pancreatic calcification in: A,
Non-contrast phase. B, During
portal venous contrast phase.
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over seven years. Her quality of life was poor with
multiple hospital admissions and continued absence
from school. CT imaging revealed small duct chronic calcific pancreatitis, and genetic testing confirmed Spink-1 mutation with known associated
lifetime risk of pancreatic malignancy (Figure 3)9.
In order to minimise both pain and long-term
malignancy risk, total pancreatectomy was undertaken with concurrent islet autotransplantation in
May 2013 (Figure 4).
The pancreatic body was markedly calcified, but
despite this the islet isolation yielded 535,766 IEQ
(6,748 IEQ/kg). Baseline portal pressure was 11
mmHg, and peaked at 22 mmHg following islet in-
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fusion. Doppler ultrasound at 24 hours and Day 7
confirmed complete patency of the portal venous
tree. There were no surgical complications. By 4
weeks post surgery, glycemic control was excellent
and after weaning and discontinuation of insulin,
glucose remained between 4.7-6.7 mmol/L, with Cpeptide 1.04 nmol/L and HbA1c is 5.5%, and remains off insulin for one year. She has been weaned
slowly from opiate analgesia, but chronic pain continues to be evident (Table 1).

DISCUSSION
Total pancreatectomy with islet autotransplantation
can effectively control pain, eliminate future risk of
pancreatic malignancy, and avoid risk of brittle hypoglycemia in patients with hereditary pancreatitis12. Following surgery, all three children were
successfully weaned off insulin at least initially afterwards, and two remain insulin free long term.
Two achieved definitive and complete resolution of
previously intractable pain, and the third has experienced improvement but continues to wean slowly
from opiates. These results support a role for total

Figure 4. A, Cannulation of the main pancreatic duct
after cooling of the pancreas/spleen explant for Case 3
on the back-table. B, Unpurified islet preparation
stained with dithizone. Islets stained in red. C, Closeup of single large intact islet measuring 500 µm in diameter.

pancreatectomy with islet autotransplantation as a
first line surgical treatment for children with hereditary chronic pancreatitis. Delaying this major intervention until complete pancreatic burn-out occurs
would obviate the potential benefit of islet autotransplantation, and should not be discounted even
in the pediatric population.
The option for islet autotransplantation has revolutionized the otherwise potentially devastating
complications from total pancreatectomy. Brittle
diabetes can severely impair quality of life with
many associated risks including “dead in bed syndrome” resulting from profound hypoglycemia and
risk of long-term diabetic complications. Islet autotransplantation preserves endogenous β-cell mass
and stabilizes glycemic control thereby avoiding
these risks. Our limited experience in the pediatric
population is unique from the perspective that defined genetic variants associated with hereditary pancreatitis were present in all cases. Bellin et al4 in
Minnesota have described a large single centre experience involving 53 children, of whom 55% were
insulin independent after 3 years5. In their children

Table 1. Patient characteristics undergoing total pancreatectomy with islet autotransplantation.
Case

Gender

1
2
3

Female
Female
Female

Age at
Diagnosis
6
6
6

Age at
Surgery
13
12
13

Body Mass
Index
28.9
18.1
36

Weight
(kg)
80.0
53.8
79.4

Genetic
Mutation

Cationic Trypsinogen N21L
PRSS1 R122H
Spink-1
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Table 2. Most recent follow up of children after total pancreatectomy with islet autotransplantation.
Case Date of
Pancreas Islet
transplant as Weight Mass
(IEQ)
(g)

1
2
3

Sep-03 39.0
Feb-12 41.2
May-13 76.6

Islet
Mass
(IEQ)

130,551 1,632
464,523 8,634
535,766 6,748

C-peptide (nmol/L) Glucose (IEQ)/kg HbA1c
(%)
Fasting 2hr
Fasting
2hr
post
post
meal
meal

0.37
1.12
0.44

0.55
0.51
1.04

3.1
4.4
5.7

that failed to maintain complete insulin independence, a high proportion maintained euglycemia
with once-daily basal insulin and maintained
HbA1c <7%3,5 Islet autotransplantation is more effective in securing early insulin independence than
allotransplantation. Almost double the IEQ/kg islet
mass is required with an allograft to achieve similar
rates of insulin independence compared with an autograft13. Furthermore, the attrition rate of islet autograft function over time is much less than
observed in allografts, and is more likely associated with islet mass insufficiency following growth
and weight gain, rather than any immunologic perturbation. Autotransplantation negates any need for
immunosuppression with associated risks of malignancy, infection or renal toxicity.
Sutherland et al 3 highlight the importance of
achieving a high islet yield with strong correlation
between islet yield and function. It is difficult to predict ultimate islet yield before surgery with some
extensively calcified pancreases producing high
yields, and other normal pancreas organs on imaging failing to isolate sufficient islets14. It is clear
that a prolonged history of unremitting pancreatitis
prior to surgery exposes the pancreatic islets to increased inflammation, scarring and pancreatic fibrosis10. Earlier surgery minimizes narcotic
dependence15 and eliminate the cancer risk in hereditary pancreatitis16. A careful trade-off must be
made between procedural risks and risk of future
malignancy. A similar trade-off must be balanced of
quality of life and time off school with recurrent hereditary pancreatitis, against the impact of the acute
surgical intervention and chronic risks and longterm potential benefits. Currently, the majority of
patients with chronic pancreatitis undergo endoscopic duct drainage to relieve pain as first line and if
this fails, surgical procedures are tried. All other surgical pancreatic drainage procedures with the exception of total pancreatectomy with islet

5.2 7.3
3.6 5.4
4.3 5.5

Insulin (pmol/L)
2hr

Insulin Long term
indenarcotic
pendent dependency

36
44
40

83
179
135

No
Yes
Yes

Fasting
post
meal

5

No
No
Weaning

autotransplantation decrease islet yield. Consequently we advocate that this procedure be offered
early in the setting of hereditary pancreatitis, especially in the pediatric population.

ConCLuSIonS
Hereditary pancreatitis often results in children suffering from devastating pain, time off school, and
increasing dependence upon narcotics. Total pancreatectomy provides an effective means of eliminate pain, but is associated with brittle diabetes.
Pre-emptive islet auto-transplantation at the time of
pancreatectomy is effective in stabilizing glycemic
control without risk of hypoglycemia. The primary
aim is to relieve pain and restore quality of life. We
advocate use of this procedure earlier in the disease
course before the pancreas becomes fibrotic to preserve auto-islet mass, and to further minimize opiate
dependence.
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