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ABSTRACT
This systematic review and meta‐analysis assessed long‐term outcomes following total pancreatectomy with islet auto
transplantation (TPIAT). Seventeen studies including 1332 patients were analyzed. The pooled insulin independence rate was 
34%, with higher rates for non‐chronic pancreatitis indications (68%) versus chronic pancreatitis (33%). TPIAT is effective in 
preserving endocrine function. Further studies are needed to validate outcomes across extended indications and to standardize 
reporting, incorporating metabolic markers and patient‐reported quality‐of‐life endpoints over long‐term follow‐up.

1 | Introduction 

Historically, Total Pancreatectomy (TP) was preferentially 
avoided as a surgical procedure due to the fear of the associated 
post operative diabetes. Type IIIc diabetes is a consequence to 
pancreatic parenchymal tissue loss, either as a sequelae to 
surgical resection or fibrotic gland destruction due to pancrea
titis [1]. Type IIIc diabetes is not only life limiting but, in some 
circumstances, can be life threatening due to severe disruption 
of glucose homeostasis [2]. This condition is defined by frequent 
and unpredictable fluctuations between hyper and hypo
glycemia, leading to a cumulative worsening of diabetes‐related 
end organ damage, morbidity and reduced quality of life for 
patients [2]. Moreover, the additional endocrine alterations of 
absolute glucagon and pancreatic polypeptide deficiencies pre
dispose patients to severe hypoglycemic episodes [3, 4].

Islet AutoTransplantation (IAT) following TP serves as a miti
gation strategy against type IIIc diabetes. Through auto trans
plantation of the patient's islets cell complexes, this provides the 
opportunity to regain endocrine function and glucose 
homeostasis without the need of exogenous insulin [5, 6]. IAT 

was initially described and intended for patients with Chronic 
Pancreatitis (CP) undergoing surgery [7]. As such, the majority 
of the published literature focuses on metabolic outcomes in 
this specific cohort of patients.

Over recent years, the indications for IAT have been expanded 
[8]. As per the Milan protocol, non‐pancreatitis indications for 
TPIAT now include high risk pancreatic stump, extended 
parenchymal resections for benign/borderline disease and for 
the management of severe complications following pancreatic 
surgery [9]. However, the metabolic outcomes for these patient 
cohorts are unknown. The aim of this systematic review and 
meta‐analysis is to determine the long‐term metabolic outcomes 
following TPIAT, also considering the new extended indications 
for surgery.

2 | Materials and Methods 

This systematic review and meta‐analysis of the current litera
ture was performed in line with Preferred Reporting Items for 
Systematic Reviews and Meta‐Analyses (PRISMA) guidance 
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[10]. The review was prospectively registered on PROSPERO 
(566031).

A comprehensive literature search was performed in Pubmed, 
EMBASE and Cochrane archives in order to identify all studies 
published in the last ten years that evaluated post‐operative 
metabolic outcomes TPIAT for all indications according to the 
Milan Protocol. The main search strategy consisted of islet, 
autologous, transplantation, autotransplantation. Boolean 
operators were used to expand the search. The references of 
selected articles were manually searched for additional relevant 
studies.

Studies were eligible for inclusion if they met the following 
criteria: (1) study population consisting of patients of any age 
who were treated with total, partial or completion pancreatec
tomy followed by IAT for all indications according to Milan 
Protocol; (2) studies that contained at least one major metabolic 
outcome indicator; (3) studies that implemented a well‐defined 
RCT, cohort or case‐control study design. According to the 
search strategy, a restriction was placed on the study period 
between 2014 and 2024. The most complete study was manually 
selected whenever multiple articles were published using the 
same study population.

Studies were excluded if (1) they were on animals; (2) they were 
editorials, letters to editors, comments about other articles, case 
reports, review articles; (3) the study population was less than 
15 patients; (4) the follow‐up after surgery was less than 
6 months; (5) they had insufficient data to describe metabolic 
outcomes or if the estimates were not extractable from graphics. 
Any non‐English article was excluded.

A standardized data collection form was used to extract the 
following information from each study: patient demographics, 
indication for TPIAT, predefined metabolic outcomes and the 
adverse glycemic event rate. Each included article was formally 
assessed for methodological quality and risk of bias using 
MINORS criteria for non‐randomized studies and ROB assess
ment for RCTs.

The primary outcome measure was determining the long‐term 
insulin independence rate following TPIAT. Secondary out
come measures included insulin independence rate according 
to indication for surgery, long term metabolic outcomes and the 
rate of severe hypoglycemic episodes. All statistical analysis was 
performed using R Foundation Statistical software (R 3.6.3). A 
meta‐analysis of outcomes was carried out using a random‐ 
effects model incorporating the DerSimonian–Laird method. 
Data was visualized through the creation of forest plots. Het
erogeneity was determined by calculating the I2 value. I2 value 
was considered to represent high ( > 75%), moderate (25–75%) 
or low degrees ( < 25%) of heterogeneity. A p value < 0.05 was 
considered statistically significant.

3 | Results 

Following a systematic search through literature, a total of 889 
articles were identified. After applying the predefined inclusion 
and exclusion criteria, 17 articles were included in the sys
tematic review (Figure 1). During the screening phase, 31 ar
ticles were excluded because they were studies reporting the 
same cohort of patients. Upon study quality assessment, the 

median MINORS score was 14. All articles were considered of 
moderate quality (Supporting Information).

The 17 included articles comprised 1332 patients that had un
dergone TPIAT. The baseline demographics of the included 
patients are summarized in Table 1. The majority of the articles 
included (11/17, 65%) were conducted retrospectively. The 
individual sample size across all studies was small, as only 3 
articles had a patient cohort > 100. Some 5 studies (29%) had 
recorded data on pediatric patients. The median follow‐up was 
1 year.

The indications for TPIAT were recorded (Table 1). Of the 17 
selected studies, 13 papers involving a total number of 1101 
patients focused exclusively on TPIAT for CP, while 2 papers 
involving a cohort of 67 patients considered indications other 
than CP for IAT. Specifically, the latter analyzed patients who 
underwent total or extensive pancreatectomy followed by IAT 
for neoplasms (26 patients), high‐risk anastomosis (28 patients), 
and POPF (13 patients). Additionally, 2 studies considered both 
patients undergoing IAT for CP and for other diseases. The 
study follow up duration was recorded. The length of follow up 
varied significantly between studied (range 1‐ 5 years). Only 4/ 
17 (24%) of the studies included reported a follow‐up greater 
than 3 years.

Long‐term metabolic outcomes following TPIAT were recorded 
(Table 2). The individual insulin independent rate across all 
studies ranged from 0% to 50%. Partial graft function was 
recorded in 7 studies, with rates ranging from 2.9% to 71%. Graft 
failure was recorded in 7 studies, with rates ranging from 0% to 
15%. Long term metabolic function at the end of the study 
follow up was also recorded.

In order to determine the overall rate of insulin independence 
across all studies, a meta‐analysis of pooled study data was 
performed (Figure 2). For insulin independence, across all 17 
studies the pooled rate for insulin independence at the end of 
follow up was 34% (29−40%, moderate heterogeneity I2 = 59%). 
In order to further interrogate the data, additional analysis was 
performed by clustering patients as per the indications for 
TPIAT. In the context of TPIAT for CP, an overall insulin 
independent rate of 33% (29−38%, moderate heterogeneity 
I2 = 40%) was observed. However, a significantly higher insulin 
independent rate was observed for non‐pancreatitis TPIAT at 
68% (27−93%, high heterogeneity I2 = 83%).

Additional meta‐analyses of long‐term metabolic outcomes 
were also performed (supporting figure 1 and 2). The pooled 
mean HbA1c value following TPIAT was 6.9 (6.4–7.3, high 
heterogeneity I2 = 96%). The pooled mean fasting C‐peptide 
(ng/mL) value was 1 (0.76−1.25, high heterogeneity I2 = 93%). 
Where data was available a meta‐analysis of the pooled rate of 
severe hypoglycemic episodes was performed. The pooled event 
rate was 11% (9.2−14%, low heterogeneity I2 = 0%) Figure 3.

4 | Discussion 

This systematic review and meta‐analysis of the preexisting 
literature regarding TPIAT demonstrated that insulin inde
pendence (across all indications for TPIAT) was achieved in 
more than 30% of cases. As most patients are spared from 
developing type 3c diabetes and its associated complications, 
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TPIAT proved to be a valid technique in terms of metabolic 
outcomes and should be available in centers of excellence for 
pancreatic surgery.

TPIAT remains a relatively novel technique. As a consequence, 
this is reflected within the literature with named institutions 
producing the majority of the published data. There is likely 
significant variation in islet isolation techniques and trans
plantation strategies [27]. This naturally introduces heteroge
neity into the studies. This should be acknowledged when 
analyzing metabolic outcome data. Moreover, smaller centers or 
centers with a relatively new IAT program may be subject to the 
learning curve effect [28]. Suboptimal islet yield will impact 
long term endocrine outcomes and potentially introduce a bias 
into the data [28].

This systematic review illustrates that CP remains as the prin
cipal indication for TPIAT. Whilst other indications for TPIAT 
have been proposed, these were scarcely explored in the liter
ature with only 4 of the 17 selected articles including patients 
undergoing TPIAT for non‐CP indications. As in particular the 
role of total pancreatectomy as a salvage strategy to avoid 
pancreatic fistula is extremely controversial in the literature 
[29, 30]. Another rare indication for TPIAT is in the context of 
pancreatic trauma, whereby resection of the injured gland 
(notably a distal pancreatectomy) will result in a significant 
reduction in pancreatic parenchymal mass and subsequently 
the patient will be at higher risk of developing type IIIc diabetes 

[31]. This is infrequently performed within clinical practice and 
is predominantly reported as single case reports within the lit
erature [32, 33]. Further research is required for these cohorts of 
patients to define the role of IAT and to determine their long‐ 
term outcomes.

An understandable concern amongst the surgical community 
regarding IAT in the management of malignant pancreatic 
disease is that of iatrogenic tumor seeding to the liver. Histor
ically, malignancy was considered as an absolute contra
indication to IAT [34]. In 2016, Muratore et al. published a case 
report (which to date remains the only one) on a case whereby a 
patient developed pancreatic cancer liver metastasis 10 months 
following IAT [35]. It should be noted that this patient under
went transplantation for CP rather than for malignancy. The 
authors proposed that additional screening adjunct such as 
microRNA may be of benefit [35]. Further research has been 
attempted to formally quantify the risk of tumor seeding. Du
gani et al. published a murine based study whereby IAT was 
performed with islets procured from a genetic mouse model 
with a predisposition to pancreatic cancer and demonstrated no 
incidence of liver metastasis and no detrimental impact on 
survival [36].

Given recent advances in medical technology, the future of IAT 
may be contested. Current research efforts are focusing on 
developing artificial pancreas systems with continuous glucose 
monitoring. van Veldhuisen et al, published a randomized 

FIGURE 1 | PRISMA diagram of included articles. 
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control trial comparing an artificial pancreas system and cur
rent standard of care diabetes management in patients under
going total pancreatectomy [37]. They demonstrated that the 
use of the artificial pancreas system was associated with a sig
nificant increase in time spent in euglycemia in addition to a 
reduction in time in hypoglycemia [37]. In addition to being 
able to continuously monitor blood sugar, the artificial pancreas 
systems have the capability of infusing insulin and glucagon 
concurrently. As a consequence of having dual enzyme input, 
tighter physiological control can be achieved, and glucose 
homeostasis maintained.

Acknowledging the controversies about IAT for extended indi
cations, this review demonstrates that the overall insulin 
independence rate of TPIAT is 34%. This finding is in keeping 

with other published studies [38]. Through expanding the 
analysis to the individual indications for IAT, a higher insulin 
independent rate is associated with non‐CP TPIAT (68% vs 
33%). This is likely as a consequence to the fact that CP is 
associated with trans parenchymal fibrosis and gland destruc
tion which ultimately diminishes the functional endocrine 
component, highlighting the importance of timely surgery for 
this indication. Although most studies in the literature focus on 
insulin independence rates, insulin independence should not be 
considered as the main outcome measure. Indeed, the main 
outcome should be twofold. Firstly, it should be the impact on 
the patients’ quality of life, notably by reducing time spent on 
hyperglycemia and preventing severe hypoglycemia episodes 
[39]. Through achieving this, not only does it cease end organ 
diabetes damage, but it also prevents recurrent hospital 

FIGURE 2 | Forest plot of the overall pooled mean insulin independence rate. 

FIGURE 3 | Forest plot of the pooled mean insulin independence rate calculated for IAT performed for CP. 
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admissions for patients. Secondly, rather than focusing on 
insulin independence, diabetes control in general should be 
considered. This includes insulin requirements, degree of 
pharmacological supplementation required for euglycemia (c‐ 
peptide as a proxy for graft function) and daily/long‐term gly
cemic control (glycated hemoglobin and episodes of severe 
hypoglycemia).

Several limitations were identified in this analysis. Since each 
center performing IAT relies on its own expertise and institu
tional protocols, marked variation in clinical practice occurs and 
significant heterogeneity is introduced into the results. Reporting 
of metabolic outcomes varied significantly across studies. No 
standardized reporting set of outcomes were noted. A consensus 
is required as to what defines successful outcomes in both terms 
of metabolic function and impact on quality of life. While safety 
and feasibility of IAT have been demonstrated for both CP and 
non‐CP indications, published data on metabolic efficacy 
remains predominantly centered around CP related IAT. With 
regard to the extended criteria for IAT, although preliminary 
results are promising, maturation of literature is required to 
understand the long‐term benefits. It should also be highlighted 
that most of the included studies were retrospective in nature 
and had a relatively short follow‐up. In the context of diabetes 
management, it is essential that studies report a longer follow up 
as only with time can one truly evaluate the impact of glycemic 
control on quality of life, and individuals’ ability to function 
socially and rates of end organ damage.

5 | Conclusion 

IAT is a safe, reproducible, and effective technique for miti
gating the risk of iatrogenic diabetes following pancreatectomy. 
Figure 4 This review demonstrates that an overall 34% insulin 
independence rate is achieved. A higher rate of insulin inde
pendence (68%) is achieved when IAT is performed for the 
extended criteria (non‐CP) indications for IAT. Further 
research is required to determine the long‐term metabolic 
outcomes for this patient cohort. The creation of a standardized 
outcome measure reporting set, incorporating metabolic func
tion, oncological outcomes and quality of life data would allow 
for a comprehensive assessment of TPIAT given the rapidly 
expanding indications for its use.
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Supporting Information 

Additional supporting information can be found online in the 
Supporting Information section. 
Supplementary figure 1. Forest plot of the pooled mean value of gly
cated hemoglobin (%) following IAT. Supplementary figure 2. Forest 
plot of the pooled mean value of fating C‐peptide (ng/mL) following IAT. 
Supplementary figure 3. Forest plot of the pooled mean rate of severe 
hypoglycemia episodes following IAT. Supplementary table 1. Study 
quality assessment score (MINORS). Supplementary table 2. Risk of 
bias assessment of included RCTs. Supplementary table 3. Definitions 
of metabolic outcomes per study.
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