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Abstract
Over the years, pancreatectomy has been the primary treat-
ment for chronic pancreatitis. Since the 1970s, total pancre-
atectomy has been shown to be effective at relieving pain 
that was experienced due to chronic pancreatitis. However, 
total pancreatectomy alone has the significant side effect 
of post-surgical diabetes. To treat post-pancreatectomy di-
abetes, total pancreatectomy was combined with Islet Au-
totransplantation (TP-IAT), which resulted in a much low-
er mortality rate compared to total pancreatectomy alone. 
Such operations require an expertise in islet isolation tech-
niques, and thus this procedure is not widely performed.

Since 2000, TP-IAT success has continued to increase. 
Improvement in islet isolation yield, better transplant tech-
niques, and changes to post-operative care, have improved 
the islet engraftment and long-term survival rate. The Ed-
monton protocol, introduced in 2000, offers the option of 
islet allograft to complement total pancreatectomy. This 
protocol uses improved immunosuppressive regimens to 
improve islet allograft tolerance and accomplished higher 
rate of insulin independence. This advance led to improved 
clinical outcome after TP-IAT, including islet graft success 
after transplantation, reduction in narcotic use, pain, and 
improvement in quality of life. 

In this paper, we evaluated the history and advances of 
clinical islet transplant post-pancreatectomy. We also eval-
uated alternative transplant sites that are currently explored 
for islet graft, which are expected to offer improved islet 
engraftment and survival, and improved islet graft function.
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Introduction

Pancreatitis is the seventh most commonly diag-
nosed digestive disease in the United States, with ris-
ing ambulatory care visits and hospitalizations rate [1]. 
Chronic pancreatitis is much less common than the 
acute form, with only 5-14 new cases and a prevalence 
of about 50 chronic cases per 100,000 pancreatitis cas-
es annually [2]. Despite its low prevalence, chronic pan-
creatitis contributes to significant morbidity and mor-
tality that presents formidable challenges to patients, 
physicians and the healthcare system. There are sev-
eral etiologies for chronic pancreatitis, with excessive 
alcohol consumption being the most common in the 
United States of America, followed by biliary duct ob-
struction by stones, tumors or pseudocysts, pancreas 
divisum, hypertriglyceridemia, autoimmune and famil-
ial pancreatitis [3]. The clinical manifestations of chron-
ic pancreatitis are broad, including variable exocrine 
and endocrine insufficiency, and pain that is often de-
bilitating and associated with poor quality of life [4,5]. 
There are several hypotheses for the pathophysiology 
of the pain, with one explanation positing an increase in 
ductal and interstitial pressures inducing local ischemia 
due to peri-pancreatic scarring that is perceived as pain 
through complex central and peripheral nervous inputs 
[6].

There is currently a variety of pharmacologic, endo-
scopic and surgical therapeutic options used to allevi-
ate pain in chronic pancreatitis. Surgical interventions 
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be safe, with an operative mortality of 2% in several 
studies, and effective at relieving pain, improving qual-
ity of life and achieving insulin independence in up to 
a third of patients [24-26]. The procedure requires ex-
pertise in islet isolation techniques, and it is not widely 
performed. To increase access to this technology, “re-
mote” TP-IAT has been reported; a situation where the 
pancreatectomy is performed at one site and the iso-
lation is conducted at another [27]. The procedure has 
garnered significant interest in the last decade. There 
is increasing research effort focused on improving islet 
isolation, increasing yield and improving engraftment 
and long-term survival with clinical trials, with the po-
tential to expand this procedure for benign and malig-
nant pancreatic cancers [28].

History of Pancreatectomy as Treatment for 
Pancreatitis

Pancreatectomy has been an important treatment 
for patients suffering from chronic pancreatitis for de-
cades [17, 29]. Several published works in the late 1970s 
demonstrated the effectiveness of Total Pancreatecto-
my (TP) for the amelioration of intractable pain experi-
enced by those with chronic pancreatitis [17,29,30]. It 
has since been accepted as the best treatment option 
for patients who have exhausted or are not amenable 
to more conservative medical or surgical therapies. TP 
is considered a therapy of last resort because it is asso-
ciated with significant long-term metabolic effects [19], 
with all patients becoming dependent on exogenous in-
sulin to maintain glucose homeostasis [31]. A summary 
of these findings is provided in Table 1.

Promises in Endocrine Replacement Therapy us-
ing Islet Transplantation

The first joint kidney and pancreas transplant was 
performed by Drs. Kelly and Lillehei at the University of 
Minnesota in 1966 [32]. The initial success of pancre-
as transplantation was poor, with only one of fourteen 
patients in the initial series surviving with a functioning 

include partial pancreatic resections for predominantly 
localized pancreatic inflammation and pancreatic de-
compression procedures for large-duct obstruction [7-
10]. These operations have been demonstrated to be 
safe, with a mortality of less than 2%, and capable of 
achieving sustained pain relief in 80-90% of patients 
[11,12]. However, this treatment may be ineffective for 
patients who have diffuse disease or focal disease that 
is not suitable for decompression [13]. In the subset 
of patients with intractable pain and no other feasible 
treatment option, a total pancreatectomy is the only ef-
fective modality that can help achieve long-lasting pain 
relief [14,15].

Total pancreatectomy for chronic pancreatitis was 
first reported in the 1960s and offers hope for patients 
who have exhausted, or are not amenable to, more con-
servative medical and surgical therapies [16]. However, 
total pancreatectomy alone has been shown to have 
significant morbidity and mortality [17]. It results in to-
tal pancreatic endocrine and exocrine deficiency asso-
ciated with a variety of deleterious metabolic compli-
cations including those directly related to postsurgical 
diabetes [18,19]. Gall, et al. reported long term follow 
up in 117 patients who underwent total pancreatecto-
my for chronic pancreatitis reporting 19.1% mortality 
at 6.5 years with many late deaths caused by hypogly-
cemia [20]. In the 1970s, Najarian, et al. described the 
total pancreatectomy with islet autotransplantation 
(TP-IAT) in which pancreatic islets were isolated from 
the harvested organ and infused into the portal vein to 
attenuate the postsurgical diabetes [21]. The goal of the 
procedure is to relieve pain of chronic pancreatitis by 
removing the entire organ, while preserving the insu-
lin-producing beta cell mass that will afford indepen-
dence from exogenous insulin.

As of 2015, total pancreatectomy with islet auto-
transplantation (TP-IAT) is performed at 15 academic 
centers and nearly 1,000 procedures have been report-
ed in the literature [22,23]. TP-IAT has been proven to 

Patient ages Trial period Country Reference Results

Not Reported 1952-1976 United States of America [17]
8 of 14 surviving patients (from an initial 26) did not have 
abdominal pain post pancreatectomy. However, the 
surgery was found to produce many complications.

4-67 1955-1975 United States of America [29] 9 of 19 patients were cured of their abdominal pain and 
able to return to work post pancreaticoduodenectomy.

Average:
34 (men)
39 (women)

1979-1986 England [30]

19 of 29 patients were cured of their abdominal pain, 
post total pancreatectomy. The remaining 10 patients 
still had pain that was less severe, often, and of shorter 
duration.

Average: 40 1998-2008 United States of America [25]

30 patients were evaluated after total pancreatectomy 
and islet cell transplantation. Mean pain score dropped 
from 8 (±1.7) to 2.7 (±2.9). 85% of patients became 
insulin dependent.

Average: 36.5 2002-2012 United States of America [26]

84 patients underwent total pancreatectomy and islet cell 
autotransplantation. All but 6 patients decreased their 
narcotics usage, and 49 ceased their narcotics use for 
pain management.

Table 1: Summary of past studies of partial and total pancreatectomy for treatment of pancreatitis.
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the time reduced exocrine tissue and enzyme content, 
lessening the deleterious effect of exocrine material 
while maintain endocrine mass [42].

A study by Tekin, et al. from the University of Chica-
go utilized the Edmonton Protocol for pancreatic islet 
allotransplantation of 9 patients with brittle type one 
diabetes. The 4 patients that completed the study re-
ceived 7400 IEQ/kg per dose, and remained insulin-in-
dependent for a minimum of 5 years from their first 
islets infusion and maintained a HbA1c below 6.1 [43]. 
However, while allografts have become a possible treat-
ment for patients with pancreatitis and type one diabe-
tes, patients are still required to take immunosuppres-
sants, which come with their own side effects [43]. 

These techniques proved to be beneficial in human 
transplantation, however the underlying question of 
whether islet allograft failures were technical or sec-
ondary to immune rejection still remained. To answer 
this question, investigators at the University of Minne-
sota in 1977 successfully achieved insulin independence 
after they transplanted the patient’s own islets follow-
ing a near total pancreatectomy for chronic pancreati-
tis. This obviated the possibility of immune rejection, 
and importantly, demonstrated the technical feasibility 
of islet transplantation in humans [21].

After several years of performing the procedure, in-
vestigators convened in Lyon France in March 1980 and 
developed a comprehensive bibliography of the world’s 
first published cases were reported in the new Regis-
try in the Proceedings of the Symposium on Pancreas 
Transplantation. 58 islet autotransplantations after > 
90% pancreatectomy had been performed with 30% of 
patients achieving insulin independence. Only twelve 
patients had total pancreatectomy while the remain-
ing underwent near total (> 90%) pancreatectomies. 
The total pancreatectomy cohort experienced a much 
lower rate of insulin independence in comparison to 
the near-total pancreatectomy group indicating that the 
pancreatic remnant played an important role in insulin 
production. The procedure was considered inefficient 
but nonetheless showed promise of autoislet cell trans-
plantation in achieving insulin independence after total 
or near total pancreatectomy [33,44].

Recent Advances in Islet Transplantation

Problems with Early Islet Transplant

Early experiences with islet cell transplantation were 
found to be associated with life threatening compli-
cations due to the nature of the poorly purified islet 
infusions. Episodes of acute portal hypertension and 
Disseminated Intravascular Coagulation (DIC) with sub-
sequent diffuse hemorrhage were reported in the ini-
tial patients receiving IAT [45]. In 1980, Mehigan, et al. 
demonstrated increased portal pressures in dogs after 
IAT with peak portal pressures of 43.2 cm H2O accompa-

graft at one year [33]. Around this time, pioneering ef-
forts by Dr. Paul Lacy demonstrated the efficacy of in-
tra-ductal enzymatic digestion in the isolation of pan-
creatic islet cells for transplantation [34]. Combined 
with advances in gradient purification technology, Dr. 
Lacy’s work resulted in the first reported islet cell im-
plant into diabetic rats in 1972 [35]. 

For patients with pancreatitis, the success rate of au-
totransplantation is primarily based on the number of 
islets remaining after the patient has undergone a total 
pancreatectomy in order to determine patient insulin 
independence. One major problem patients undergoing 
a total pancreatectomy face is the duration of chronic 
pancreatitis which could affect islet yield. A study that 
was conducted from Sutherland, et al. from the Uni-
versity of Minnesota have demonstrated islet yields < 
2,500 IEQ/kg after a pancreatectomy followed by an au-
totransplant leads to a proportional decrease in insulin 
independence [36]. In a second study from Gruessner, 
et al. it was further demonstrated that in order to be-
come insulin-independent and maintain normal gly-
cemic control, islet yield must exceed > 2,500 IEQ/kg. 
However, patients who had undergone previous surger-
ies had varying degrees of insulin-independence such 
as Whipple procedure (100%), Puestow (18%), distal 
pancreatectomy (40%), and no other procedures (80%) 
[37]. Patients who were partially insulin-independent 
had to maintain normal glycemic levels by a single injec-
tion of long-lasting insulin per day. 

Allotransplantations are important for patients who 
cannot undergo autotransplants if they have had a lon-
ger duration of pancreatitis or have undergone other 
surgical procedures that could potentially yield a low-
er islet IEQ. Failure to transplant a sufficient quantity 
of islets could likely result in exogenous insulin depen-
dence. Furthermore, some patients have severe loss of 
islets after a total pancreatectomy that > 2,500 IEQ/kg 
of islets is near impossible to achieve due to the con-
dition of the patient. Therefore, most patients rely on 
allotransplantations from human donors. After demon-
strating promise as an Endocrine Replacement Thera-
py in animals, islet cell allograft transplantation for the 
treatment of diabetes mellitus was first attempted in 
humans in the mid-1970s. By 1980, 73 islet allotrans-
plantation procedures have been done in 68 patients. 
Unfortunately, these initial attempts were largely un-
successful with only four of the recipients achieving in-
sulin independence for any length of time [33]. It was 
unclear whether the allografts failed from host immune 
rejection or from technical limitations. In the initial at-
tempts, islet cells were highly purified yielding small vol-
umes for transplant that may have contributed to tech-
nical failure. Investigators soon discovered that it was 
safe and effective to transplant semi-purified islets in 
large animals with the benefit of achieving higher islet 
cell yields [38-41]. Other pharmacologic innovations at 
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allotransplantation was introduced from the University 
of Alberta (Figure 1). The protocol described a novel 
immunosuppressive regimen of sirolimus, low-dose tac-
rolimus and daclizumab while sparing the use of diabe-
togenic corticosteroids [50]. The initial trial of this im-
munosuppressive regimen for seven type one diabetics 
demonstrated complete insulin independence at one 
year. To explore the reproducibility of these findings, an 
international trial of the Edmonton Protocol with 36 pa-
tients at nine international sites was conducted [51]. In 
this trial, the protocol was confirmed to successfully re-
store glycemic stability in type 1 diabetics but was found 
to be short-lived with only 31% of patients remained in-
sulin-independent at two years. An important outcome 
of this and a larger multicenter study that followed was 
the recognition of improved outcomes in higher volume 
centers [51]. Previous experience with islet cell isola-
tion and transplantation was a significant predictor of 
achieving insulin independence. The primary endpoint 
of this study, achieving insulin independence at 1 year, 
was reached in 67% of cases at high volume centers 
(more than four or more transplantations in the pre-
ceding two years) in comparison with only 22% of cases 
in low volume centers. This finding led to collaboration 
among institutions to share isolation facilities in effort 
to expand access to treatment [27]. In the spirit of this 
collaboration, National Institute of Health has recently 
sponsored a Clinical Islet Transplantation consortium 

nied by marked hematologic abnormalities consistent 
with DIC [46]. All five dogs died from intraperitoneal 
bleeding within 10 hours of operation and were found 
to have pancreatic tissue and thrombus occluding the 
main portal vein at autopsy. The supernatant of the is-
let cell infusion volume was found to have high levels 
of thromboplastin released during the islet cell isolation 
process and the likely precipitant of thrombus forma-
tion.

After the initial experience in the late 1970s, there 
were limited reports of islet cell autotransplantation 
for the next 2 decades [47]. Investigators were facing 
several challenges at the time, including surgical compli-
cations, as well as suboptimal isolation and purification 
methods. To obtain sufficient islet cell mass to achieve 
a physiologic response, several donor pancreata were 
required, which compromised autotransplantation 
feasibility [48]. The following years were defined by 
progress in isolation and purification methodology that 
culminated in the development of the Ricordi method 
in 1988, an automated method for isolation of human 
pancreatic islets [49]. This procedure resulted in signifi-
cantly increased islet cell yield and was adopted by most 
research centers performing islet cell transplants.

The beginning of the Edmonton Protocol in 2000

Interest in islet transplantation was further galva-
nized in 2000 when the Edmonton Protocol for islet cell 
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Removal of
Pancreas
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Pancreas

Pancreas

Islet Isolation

Islet Isolation

Isolated islets
of Langerhans
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of Langerhans

Infusion of islets
Into portal vein
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Figure 1: Diagram of the procedure for A) islet autograft from the same patient, compared to B) islet allograft from cadaveric 
organ donor to recipient.
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to non-umbilical vein were used to compare metabolic 
results over time using a fasting glucose tolerance test 
for glycosylated haemoglobin, fasting and 2-hours after 
stimulation, and C-peptide. The results showed that the 
umbilical vein approach had no significant difference of 
postoperative metabolic function compared to non-um-
bilical vein approaches [59].

The option of alternative sites for islet transplan-
tation

There are several complications associated with in-
trahepatic islet transplant through the portal vein. Intra-
portal islet infusion can trigger hepatic false aneurysm 
[60], portal vein thrombosis [61], and acute hepatic ste-
atosis [62]. Recently, the intrahepatic location of islet 
transplantation has been suggested to be a potential 
cause for islet graft failure and increase in hypoglycemic 
incidence. One potential issue is that systemic hypogly-
cemia can stimulate liver to trigger glycogen metabolic 
breakdown, but the increase of local hepatic glucose 
incorrectly causes the α-cells in the transplanted islets 
to be quiescent [63]. These factors can have significant 
negative impact on patient’s health and the survival and 
function of the transplanted islets. As such, there has 
been interest in evaluating alternate sites for islet trans-
plant after total pancreatectomy.

In addition, previous studies have shown that the 
spleen is a better suited site for islet survival and the 
reversal of diabetes. Meanwhile, the omentum is easily 
accessible and can accommodate larger tissue volume 
than the liver, potentially allowing higher dose of islet 
for transplant [64]. The advantages and disadvantages 
of the various transplant sites are summarized in Table 
2, and will be elaborated on as follows.

Spleen and omentum

The lack of islets after total pancreatectomy impacts 
not only the lack of β-cell response, but also the α-cell 
response to hypoglycemia. This concern on pancreatic 

study, aimed at developing a common standard to fol-
low across different islet isolation centers. Islets isolat-
ed under this study were successfully implanted in 48 
patients with no adverse effects, thus illustrating the 
importance of a national standard on islet isolation to 
ensure good clinical outcome [52]. 

In addition to improved outcomes being linked to 
higher volume centers, several studies have been pub-
lished examining various factors that predicted posi-
tive outcomes for TP-IAT [53-56]. Important outcomes 
that are most commonly measured after TP-IAT include 
postoperative islet graft survival and function, narcotic 
use, persistence pain, and changes to quality of life. The 
factors that have been found to be most influential of 
clinical outcomes include islet cell yield, transplant tis-
sue volume [56], isolation and purification techniques 
[54], and duration of narcotic use and physical health 
prior to surgery. Low islet yield is the strongest inde-
pendent risk factor for islet graft failure postoperative-
ly [53]. Instant Blood-Mediated Inflammatory Reaction 
(IBMIR) was previously found to be common in recip-
ient of islet allo- or xenograft, however, recent study 
showed its incidence in islet autograft as well, indicated 
by elevated c-peptide and Thrombin-Anti-Thrombin III 
Complex (TAT) in blood post-operatively. In the case of 
TP-IAT, the cytokine release leading to IBMIR may have 
occurred because of the surgery process itself [57]. De-
spite these chances for failure, TP-IAT has been found 
to be safe overall, with low mortality, morbidity, and a 
good rate of achieving insulin independence [58].

Umbilical vein route of access for intraportal 
transplant

The umbilical vein has been used in several trans-
plants to access the portal vein system. One benefit of 
umbilical vein as a route for islet transplant is the pos-
sibility to monitor pressure of the portal vein for up to 
5-days post transplantation [59].

Islets infused to the umbilical vein and islets infused 

Site Advantage Disadvantage

Intraliver Good vascular supply.
Vessel aneurysm, thrombosis.
Acute steatosis.
Incorrect inhibition of glucagon release of transplanted islets.
Limited volume of islets possible.

Spleen
Better islet survival and success rate of 
diabetes reversal in animal models.
Avoids hyperinsulinemia.

Abnormal glucagon response during hypoglycemic eposides.

Omentum
Easy surgical accessibility.
Can accommodate larger volume of islets.
Avoids hyperinsulinemia.

Abnormal glucagon response during hypoglycemic eposides.

Intramuscular Good vascularization in the absence of 
suitable intraliver transplant.

Limited volume of islets.
Limited evidence of long term success.

Peritoneal cavity Very large capacity, especially for 
encapsulated islet transplant.

Delay in systemic insulin distribution.
Larger number of islets needed to provide blood glucose 
control.

Subcutaneous space Easy to access. Limited data on non-encapsulated islet transplant.
Lack of good immediate vascular supply.

Table 2: Summary of advantages and disadvantages of various transplant sites that have been evaluated for human islet trans-
plant.
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patient received sufficient dose of islets and maintained 
the transplanted islet survival. 
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regulation in response to hypoglycemic events follow-
ing islet transplantation is still not resolved even after 
the Edmonton protocol. 

One study utilizing spleen and omental pouch as 
sites for islet transplantation, suggests that both sites 
may avoid the issues of hyperinsulinemia ensuing post 
intrahepatic islet transplant [64]. However, neither 
site managed to show evidence of normal glucagon re-
sponse in hypoglycemic incidence [64].

Intramuscular

One study demonstrates the first therapeutic at-
tempt to implant islets intramuscularly in a 7-year-old 
girl who experienced hereditary pancreatitis and under-
went a complete pancreatectomy [65]. Previous studies 
have normally used the intramuscular site for a short-
term islet engraftment and survival, because intramus-
cular islet transplants demonstrated very limited long 
term success rates. The intramuscular site was chosen in 
this study due to the patient’s unhealthy pancreatic tis-
sue microenvironment for the enablement of beta-cells 
to survive and produce insulin under normal conditions, 
if they were to be transplanted into the liver [65]. 

The intramuscular islet transplant post pancreatec-
tomy decreased the patient’s exogenous insulin need, 
while maintaining a normal HbA1c of 4.5%. In addition, 
insulin response was confirmed during glucose toler-
ance tests [65]. 

Peritoneal cavity

The freedom from volume constraint for transplant 
placement in the peritoneal cavity makes it an attractive 
choice for both free and encapsulated islet transplant 
[66]. Clinically, the peritoneal cavity is currently under-
going trials mainly for encapsulated islets [67]. There’s a 
delay in systemic insulin distribution from islets placed 
in the peritoneal cavity [68], and a significantly larger 
number of islets is needed to result in cure when com-
pared to intraportal transplantation [66]. 

Subcutaneous space

There are only a limited amount of clinical studies in 
islet transplant in the subcutaneous space. These stud-
ies have focused mainly on the use of protective enclo-
sure devices, such as individually encapsulated islets 
[69] or a macroencapsulation device [70]. Currently, no 
study has reported the use of subcutaneous space for 
transplant of non-encapsulated autologous islets [66]. 

Conclusion

The improvements of islet isolation and transplan-
tation methods, as well as improvements in immuno-
suppression treatment for allotransplantation, have in-
creased the attractiveness of islet transplant after total 
pancreatectomy to prevent diabetes and hypoglycemic 
episodes. These procedures have been found to be safe 
overall, with low mortality and morbidity, provided the 
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