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Chronic pancreatitis is a progressive inflammatorige@se destroying secretory pancreatic
parenchyma. Total pancreatectomy and islet autgptantation (IAT) is a viable option in selected
patients in order to decrease mortality and imptoygerglycemia. Duodenum and spleen preserving
total pancreatectomy and islet autotransplantatias done in 53 years old woman, with chronic
pancreatitis affecting the whole pancreas. Humb isolation was performed in the Fundeni GMP
Laboratory, after informed consent has been obdaifgimmed and cannulated pancreas was
distended with enzymatic solution containing: 20p&ncreas GMP grade NB1 colagenase and 0.6U/ g
pancreas neutral protease in HBSS solution by injecof cold enzyme solution through the
pancreatic duct using a perfusion Biorep system. digestion was performed using automated
method in a Ricordi chamber maintaining temperahgsveen 3%C and 38C. Dissociation of the
pancreas and appearance of free islets was maitpreperiodically stained with 0.1% dithizone
(DTZ) solution. Resulted islets were wash for twmdiin Wash Solution and were loaded in
transplantation islet infusion bag. 4700 islets iegjent/kilogram (IEQ/kg) were infused via an
inferior mesenteric vein catheter into the portgstsm with portal pressure monitoring during
infusion in ICU. The clinical follow-up at one yeapest IAT indicated free of insulin status. This
demonstrates that total pancreatectomy with autslaglet cells transplantation can be an apprapriat
and successful therapeutically approach.
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INTRODUCTION induced metabolic insufficiency (diabetes, maloui
and to conserve as much as possible the unaffected

Chronic pancreatitis (CP) is a progressive  pancreatic tissde
inflammatory disease, in which pancreatic However, in a subset of patients that do not
parenchyma is replaced by extensive fibrotic respond to minimally invasive techniques or

tissue, in

both  components: exocrine and “parenchyma-sparing” procedures the total

endocrine. The final result of the pancreatic #ssu pancreatectomy is performed.
replacement is the loss of the pancreatic function, = 14ig pancreatectomy (TP) is considered a

which leads to both exocrine and endocrine
insufficiency (i.e. malnutrition and diabetes), and

decrease
abdominal

dependence The main goals of the CP treatment

major surgical operation, that require specific
trained surgeons, and a multidisciplinary team,
involved in preoperative evaluation as well as in
the monitoring or treatment of the surgical and

of the quality of life by chronic
recurrent pain and  narcotic

are: relieve intractable pain, to correct surgical Metabolic complications.
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Historically, from the surgical point of view the

The indication for surgery was chronic pancreatitis

total pancreatectomy was avoided due to the high affecting the whole pancreas, with abdominal paiinactory

rate of mortality and morbidify In the last three

decades the mortality rate decresed from 22% to

3% mainly due to the improved surgical technifque
One of the major postoperative complications is

represented by the complete insulin and glucagon

deficiency, which lead to induced
diabetes®.

High-volume centers for pancreatic surgery are
associated with reduced mortality and morbidity
rates after this major surgical procedure. Center o
General Surgery and Liver Transplantation of
Fundeni Clinical Institute is considered high-
volume center for pancreatic surgery.

Bichler MW. et al. have demonstrated that
mortality and morbidity rates after elective TP are
not significantly different from the pylorus

preserving pancreatoduodenectémy

“surgical

By TP, the entire pancreas is removed, but also
the nerve injury caused by pancreas inflammation

is stopped.
Total pancreatectomy followed by islet cell

autotransplantation (IAT) has become a treatment

approach in selected patients with chronic
pancreatitis (CP) and intractable pain. The first
islet autograft was done at the University of
Minnesota in 1977, for a painful small duct CP.

The long-term results was favorable and patient

became insulin and pain frée
According to the recent published paper, since

1977, more than 500 islet autotransplantation have

been performed worldwideRecently, Sutherland
et al. reported the largest series of total pancreatgctom
and IAT at University of Minnesota, and 409
patients with CP and IAT were reportéd

to medical therapy.

Surgical Resection

Surgical technique of total duodenum and spleen
preserving total pancreatectomy has been performed.

During the operation, blood supply to the pancreas
preserved for as long as possible to minimize wischemia
to the islet cells. Typically, the distal portiof the pancreas
was mobilized initially and divided, along with trsplenic
artery and vein, at the level of the superior mas@nvein.

Meticulous dissection and attention to haemostasis
crucial as the risk of bleeding is increased beeafisgl
heparinization is carried out prior to islet infuisiand the islet
infusion induces transient portal hypertension.

The inferior mesenteric vein (IMV) was cannulatext f
islet infusion into the portal system (Figure 1).

Fig. 1. Cannulation of the IMV by using 112 —F arugith -
introperative aspect.

Idet isolation and evaluation, infusion

The isolation was performed in the Fundeni Clinical
Institute Islet Isolation Facility, based on Ricordodified
isolation methot?', in compliance with Romanian legislation

We present here our results regarding a patient regarding cell therapy. Written informed consentheaf patient
with total pancreatectomy who had undergone islet was signed before surgery.

transplantation, and a literature review on islet
autotransplantation in total pancreatectomy for
chronic pancreatitis.

MATERIALSAND METHODS

Preoper ative evaluation

53 year’s old, female, 60 kg, BMI 22.
Laboratory test: HbA1C: 6.3% (normal range: 4.8-9,0%

and plasma glucose. CT scan and MRI have shown the

presence of small duct chronic pancreatitis witstgyn the
whole pancreas.

Pancreas distension during enzyme infusion wasiated
as previously describ&d

The islets are isolated from the surrounding execand
connective tissue by a stepwise modified Ricordi hoet
consisted in:

— intraductal enzymatic infusion (collagenase dige$

— pancreatic tissue digestion at 370C using Ricaléit i
isolation machine with Ricordi chamber (enzymaticd an
mechanic dissociation)

— cooling the digested pancreatic tissue, dilugod islet
collection (the digestion is stopped)

— transplantation of the unpurified fresh ( nottued)
final product

Digestion time is represented by the time neededléase
sufficient number of islets from acinar tissue.



Total pancreatectomy with autologus islet cellag@antation

D

Fig. 2. Intraductal enzymatic infusion of pancre@g:trimed pancreaspB) Canulated pancrea$;) Perfusion system for enzyme
infusion; @) Distended pancreatic fragment head and tail.

The islet yield and purity were determined by light

microscopy after staining with dyphenylthiocarbazd8igma,

St. Louis, USA). Islet number was converted to tisle

equivalent (IEQ): diameters standardizating to 1%0. The
final product was assess for sterility as previpasscribed.

Isolated islets were resuspended in an infusion \bidy
CMRL Islet Transplant (Mediatech, Inc) and 5% humams
albumin and heparin (70 U/kg) to prevent intrapoctatting.
Portal pressures are checked intermittently duriskpt
infusion.

Post-transplantation care and evolution

Metabolic assessment included: daily plasma glucose
measurement (glucose-oxydase method), HbAlc, (HPLC

method) C-peptide and plasma insulin level (ELISAtmod)
and, HOMA —IR and HOMA-B obtained from fasting plasm
glucose and plasma insulin (http://www.hcvsociaty/fies/
HOMACalc.htm)

In the postoperative period, the insulin infusiorasw
initiated in order to maintain the blood glucosdtie range of
70-140 mg/dl. We define as insulin independentaifignt is
without insulin therapy, with positive value of @tide,
fasting blood glucose <140 mg/dI

Engraftment and function of transplant islets were
assessed by HOMA index (homeostasis model asse§smen

HOMA predict homeostasis from varying degrees déloell
function and insulin resistance. HOMA IR (insulirsistance)
and beta cell function can be estimated from fgsttucose
and insulin levels. HOMA B is useful in assessingctional

islet mass. Its formula includes plasma concemmatof
insulin, and therefore cannot evaluate islet fuorctifor
patients receiving exogenous instfin

Pain assessment

Pain was scored on a visual scale from 0 (no paii)0
(severe pain).

RESULTS AND DISCUSSION

Outcome of theidet isolation

The excised pancreas weighed 80g. The
removed chronic alterated acinar pancreas was
placed in cold preservation solution (Custodiol).
The next step was to split the pancreas into two
sections: head and body/ tail. Pancreatic duct
cannulated with 16G catheter, connected to the
Biorep perfusion machine.

The pancreas was distended with enzymatic
solution containing: 20U/g pancreas GMP grade
NB1 colagenase and 0.6U/ g pancreas neutral
protease  (Serva  Electrophoresis, = GMbH,
Germany). During infusion of enzyme the good
distension was observed (Figure 2).
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Fig. 3. The digestion of pancreas performed usirigraated Ricordi chambef (B); Dissociation of the pancreas and appearance
of free islets monitored by periodically stainedhwd.1% dithizone (DTZ) solutiorC)); Free islet stained in red with dithizone
(200x) (D).

The distended pancreas was cut in 11 pieces Thecorrelation of theidet function with idet
and then transferred to the Ricordi digestion yield

chamber. The Ricordi chamber was connected to a p tomized fients d | q ical
modified, closed circulation tubing system, ancreatomized patients -developed —surgica

warmed up to FT and shaken gently durring the diapet_e_s”, a brittle diabetgs w_ith blood glucose
digestion  process. Samples were taken Vvariability, and hypoglycemic episodes. ‘
continuously to monitor the digestion process  Pain relief is reported to be achieved in
(Figure 3). Periodically 1 mL of sample was taken approximately 80% of patients with IAT after TP.
from the sample port with a syringe, stained with Overall, 30% to 40% achieve insulin
dithizone (DTZ) solution and observed under a independence, and 70% of recipients remain
microscope. Once free islets were detected underinsulin independent for > 2 years, especially & th
the microscope, the digestion was stopped by number of the infused islets > 300 00

flushing cold (4C) dilution solution (Mediatech, Sutherlandt al. demonstrated a strong correlation
Herndon, VA) into the circulation system to dilute  petween islet yield and post islet autotrans-
the enzyme. plantation metabolic functidn.

The digested product was collected and washed ' The jslet yield achieved after the islet isolatisn

in media supplemented with human albumin. The gependent on the degree of histopathological
total islet yield obtained after the isolation with changes, such as irreversible fibrosis, acinar

purification was 4700 IE/ Kg. After performing atrophy, and inflammation. Kobayashi argued that

sterility test celullar product was loaded in taking into account the inversely correlation
transplant bag. The perfusion time was 12 minutes, g L . Y :
between the pancreatic fibrosis an islet yielde, th

and the islet preparation time was 5 hours. The o _
preparated islets were infused into the IMV during decision to perform total pancreatectomy with IAT

a 40 minutes. should be done in the early stage of'€P
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One report of the University of Minnesota team
have shown that if more than 5000 IE/Kg are
autotransplanted after total pancreatectomy, the
insulin independence was achieve in 63% of
patients”®

Islet engraftment site

The site of the transplantation is also very
important for insulin delivery.

—in the liver the islets are exposed to the

locally inflammatory factors, such as
cytokines, chemokines, and oxidative stress
mediators.

— The greater gluco-lipotoxicity

— Direct exposure to the portal blood.

Despite the most common site for islet infusion
is the liver, there are some different options such

as: peritoneal cavity, omental, intramusctiiat

One important aim of the infusion of islets in the

The liver infusion site has some S . : .
disadvantagé&® extrahepatic S|.te is to avoid hypoxia until the neo
vessels formation.
Table1
Clinical outcome of the patient following autotraatgion of pancreatic islets*
Parameter 2 weeks 3 months 9 months 1 year 1.5 years
Plasma glucose levq 129 109 117 100 108
HbAlc** 6.1 6.21 6.08 6.08 5.88
Insulin 4.19 3.68 2.76 4.20 2.27
c-peptid 1.36 1.43 1.05 1 0.889
HOMA-beta (B) 60 68 48 40.8 49.9
HOMA IR 11 11 0.8 1.04 0.7
SUITO*** 29.7 46.65 29.25 40.65 29.61
* The patient has a very good quality of life, aagbain free, insulin independent;
** Normal value HbAlc: 4.8-6.0%
** SUITO-Secretory Unit of Islet Transplant Objact
Even if for the presented case we used the islet well controlled diabetes, with no recurrent

infusion into the liver trough the portal vein, our
hypothesis is that the greater omentum fits the
required specifications for the ideal site of islet
engraftment.

Ao et al. have shown the reversal of the
“surgical diabetes”after the total pancreatectomy
and purified islets autotransplanted into the gneat
omental pouch.

The greater omentum has angiogenic property,
and allows for good neoangiogenéyté

The angiogenic potential of the recipient tissue
have an important role in the process of graft
engraftmerff. It was suggested that angiogenic
stimulation by VEGF (vascular endothelial growth
factor) may promote the development an islet
vascular suppF.

episodes of hypoglycemia that requires small doses
of insulir?®,

Advantages or disadvantages of the idet
purification

Unpurified islets asthe sour ce of new islets

In the case reported by us the pancreatic islets
have not been purified.

The unpurified islet preparation combines the
acinar free islets, islet clusters, the acinarugss
including the ductal cells. In our study 40% of the
isolated islets are embedded within acinar tissue,
and the final product has low purity. By
transplantation of unpurified substantial mass of
nonendocrine cells, mainly acinar cells and PDC

One major advantage of the omentum in case of (Pancreatic Ductal Ce”S) are also implanted. The

unpurified islets is that the omentum allows the
infusion of increased graft volume that means also
an increased transplanted islet mass.

Rafael E et al. reported a case of islet
autotransplantation in the forearm of the total
pancreatectomized 7-year old child. Patient has

presence of the nonendocrine subset of cells may
be beneficial for the long-term metabolic function
of the transplanted isléfs

Pancreatic ductal precursors cells (PDC) may
represent a source of islet neogenesis in patients
with CP. There are some published studies that
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suggest the islet neogenesis from ductal progenitor 4.
cells. Islet neogenesis from ductal progenitorscell
was found in the biopsies of three patients with
islet autotransplantation reported by Soltani SM.
The obtained “islet-like”: structures are positioe
insulin and glucagon stainifly

L ow tissue volume = low complication rate?

Usually in islet autotransplantation after TP, the
purification is rarely applied because is considere -
that the amount of the exocrine tissue is limited.
Matsumoto et al has found that purification can g,
reduce the risk of complications when the tissue
volume is higf¥.

On the other hand, the major disadvantages of S
the islet purification is that 40% of the islet Icel
mass is lost during purificatid™ This observation
is very important in the context in which, the main
concern, regarding complications is the high
volume of tissue that could increase the portal

pressure. 11.

CONCLUSIONS

Combined total pancreatectomy and autotrans- 12.

plantation can be a safe surgical procedure, which
relieve the pain and also ensure the insulin
independence.

13.
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