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Islet; Aims: Islet autotransplantation (IAT), in conjunction with total pancreatectomy (TP), is used to
Autotransplantation; relieve pain in patients with chronic pancreatitis (CP), while reducing the incidence of brittle
Pancreatectomy; diabetes. We aimed to evaluate the efficacy and safety of IAT after TP (TPIAT) in this setting.
Pancreatitis Methods: We searched PubMed, Embase, Web of Science, and the Cochrane Central Register

of Controlled Trials since 1977. Data were extracted from published papers. Random-effects
meta-analysis and meta-regression models were built to assess the outcomes and effect of
different factors. Subgroup and sensitivity analyses were conducted to examine the between-
study heterogeneity, which was assessed using Cochrane’s Q and 12 statistic.

Results: A total of 17 studies, including 1024 patients, met the eligibility criteria. The median
cohort size was 21 patients (range: 5—409). The pooled incidence rates of insulin independence,
narcotic independence and mortality at last follow-up were 11.47 per 100 patient-years (95% Cl:
6.79—21.60, 12=91.0%), 18.11 per 100 patient-years (95% Cl: 5.29—62.04, 12=98.8%) and 2.88
per 100 patient-years (95% Cl: 1.75—4.74, |> = 46.8%), respectively. However, the heterogeneity
level of our results was high, which was due to differences in research methods and definitions
of outcomes between studies. Therefore, our results should be interpreted with caution.

Abbreviations: TP, total pancreatectomy; IAT, islet autotransplantation; TPIAT, islet autotransplantation after total pancreatectomy;
CP, chronic pancreatitis; NOS, Newcastle—Ottawa Scale; 95% Cis, 95% confidence intervals; HbA1c, glycosylated hemoglobin; NI, narcotic
independence; Il, nsulin independence; IEQ, islet equivalents; DM, diabetes mellitus; NR, not reported; PY, person-year.
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Conclusions: TPIAT can effectively relieve pain and reduce the risk of surgical diabetes with
no increase in mortality or morbidity. Prospective, randomized, clinical trials are required to
further evaluate selection of patients and the timing of TPIAT.
© 2019 Elsevier Masson SAS. All rights reserved.

Introduction Search strategy

Chronic pancreatitis (CP) is a persistent inflammatory dis-
ease that progressively destroys pancreatic exocrine tissue
and is characterized by changes in the normal structure and
function of the pancreas [1]. The main clinical manifesta-
tions of patients with chronic pancreatitis are intractable
pain, pancreatic endocrine and exocrine insufficiency, and a
variety of complications. The pain is often difficult to con-
trol with drugs, and excessive use of narcotic drug analgesia,
often resulting in drug abuse. Most of the patients with CP
are treated with alcohol, drugs for pain relief, nutritional
support, and oral digestive aids. Some patients are treated
with drainage and partial pancreatectomy at the later stage.
Total pancreatectomy (TP) is an effective method to relieve
intractable pain in patients whose symptoms cannot be
alleviated after medical treatment and standard surgical
treatment. However, TP alone will inevitably lead to irre-
versible dysfunction of endocrine and exocrine functions,
and eventually develop into ‘brittle diabetes’’ [2].

Islet autotransplantation (IAT) provides a theoretical pos-
sibility to prevent this type of diabetes. IAT, in conjunction
with TP, can not only relieve the intractable pain caused by
CP, but also retain endocrine function of the pancreas and
reduce the risk of diabetes mellitus [3]. In 1977, the Uni-
versity of Minnesota performed the world’s first clinical IAT
and achieved satisfactory results [4]. Since then, an increas-
ing amount of clinical centers have begun to attempt TPIAT
to treat CP. However, because of limitations of islet isola-
tion technology and other factors, the amount of surgery
carried out in a single-center is limited, and the published
results are different. The efficacy and safety of TPIAT are
still unclear.

Meta-analysis is a powerful statistical tool for overcom-
ing the limitation of different sample sizes from individual
studies and to generate the best estimation. In this study,
we performed a systematic review and meta-analysis to
estimate the rate of insulin independence, narcotic inde-
pendence, mortality, and major complications of TPIAT.

Materials and methods

Study design

We performed the study in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Protocols (PRISMA) guidelines and MOOSE guidelines [5,6].
This systematic review and meta-analysis was registered
at International Prospective Register of Systematic Reviews
(number CRD42019129102).

We searched PubMed, Embase, Web of Science, and the
Cochrane Central Register of Controlled Trials since 1977.
The main search concepts were CP, pancreatectomy, TP, pan-
creatic resection and IAT. Additionally, we further manually
searched the references of the relevant articles.

Inclusion criteria and exclusion criteria

Studies were eligible for inclusion if they fulfilled the fol-
lowing criteria:

e patients of any age who were diagnosed with CP before
surgery;

e patients with CP who were treated with total, subtotal,
or completion (> 95%) pancreatectomy followed by IAT;

e studies that contained at least one major outcome indi-
cator.

The latest and most complete study was selected if mul-
tiple articles were published using the same cohort.
The exclusion criteria were as follows:

e patients with other diseases (malignant tumors, etc.) that
affect survival;

e case reports or clinical studies of less than 5 people, or the
mean or median follow-up time was less than 6 months;

o studies with insufficient data for estimating the incidence
rate;

e repeated publications.

A study that met any of the four exclusion criteria was
excluded.

Data extraction and quality assessment

Two independent reviewers used standardized data collec-
tion forms to extract the following information from each
study: first author, year of operation, clinical research cen-
ter, description of study participants, and the outcomes
that we were interested in (e.g. rates of insulin inde-
pendence, narcotic independence, mortality, and major
complications). Any data discrepancy was resolved by refer-
ring back to the original studies.

Two investigators independently determined study eligi-
bility and assessed the quality with a modified version of
the Newcastle—Ottawa Scale (NOS) [7]. The NOS consists of
three main areas:
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o selection process of cohorts;

e comparability of cohorts on the basis of the design or
analysis;

e assessment of outcome of interest.

NOS scores of 6 or more were assigned as high-quality
studies [7].

Statistical analysis

The measures used to present the outcomes of TPIAT were
event rates (risk) for mortality, insulin independence, nar-
cotic independence, and major complications. When we
described the rates of mortality, insulin independence, and
narcotic independence at last follow-up, the number of pos-
itive patients per 100 person-years was used to rule out
follow-up length heterogeneity in different studies. In order
to calculate the total person-times, either the sample size
and mean (or median) follow-up per patient, or the sam-
ple size and cumulative incidence rate should be extracted.
For each study, the natural logarithm of the incidence rate
(number of positive cases/ 100 person-years) was estimated,

along with the standard error (1/\/positive cases) [8].

When the number of positive patients was zero, we used a

correction factor of 0.5 for both the number of positive cases
and total person-years at last follow-up [8]. These measures
were pooled across studies using a random-effects model
and estimated from the reported 95% confidence intervals
(95% Cls) [9]. Between-study heterogeneity was examined by
Cochrane’s Q and 12 tests [10]. I? values of < 25%, 25%—50%,
and > 50% represent minimal, moderate, and substantial het-
erogeneity, respectively. We conducted subgroup analyses
on the basis of country and the NOS score (NOS<6 and
NOS > 6). Sensitivity analysis and meta-regression were also
applied to examine the origin of heterogeneity. Publication
bias was assessed with Begg’s and Egger’s tests. Two-sided
P <0.05 was considered statistically significant. Stata/SE
version 15.1 (Stata Corporation, USA) was used to conduct
the meta-analysis.

Results

Study selection and patients’ characteristics

We retrieved 1059 studies from the electronic database and
the reference lists of the included studies. Seventeen stud-
ies were ultimately included, which involved a total of 1024
patients [11—27]. Detailed search results are summarized in
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Figure 1

Flow diagram for study selection.
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Table 1  Characteristics of patients with TPIAT in the included studies.

Studies Year Year of period Country Group No. of Age (years) Female (%) BMI (kg/m?) Duration of Baseline- Alcoholic Islet yield
patients CP (years) DM (%) (IEQ/kg)

(%)

Cameron et al. 1981 1978—1980 USA Johns 8 43.1+10.9 13 NR 6.7 0 75 NR

[11] Hopkins

Hinshaw et al. 1981 1979—1980 USA California 5 42.4+5.7 20 NR 5.6 +£3.8 20 80 NR

[12]

Rastellini et al. 1997 1990—1996 USA Pittsburgh 5 NR NR NR NR 0 NR NR

[13] Center

Oberholzer 2000 1992—1999 Europe Geneva 6 NR NR NR NR NR NR 2785

et al. [14] (386—3223)

Argo et al. [15] 2008 2005—2007 Europe UAB 21 43.5+2.4 40 22.0+0.99 NR 100 30 1551 + 363

Dixon et al. 2008 1998—2008 USA South 7 35 57 NR NR 0 NR NR

[16] Carolina

Sutherland 2012 1977—2011 USA Minnesota 409 35.3 74 24.5 6.6 8 7 NR

et al. [17]

Walsh et al. 2012 2007—2010 USA Cleveland 20 43+13.3 40 NR NR 0 25 3846

[18] Clinic (3063—5430)

Garceaetal. 2013 19902013 Europe Leicester 60 43 (21-65) NR NR 5 NR 32 NR

[19]

Gruessner 2014 2009—-2013 USA Tucson 61 42.2+1.6 64 26.6+0.91 NR NR 12 3048 + 461

et al. [20]

Tai et al. [21] 2015 2007—2013 USA California 6 26.7 67 21.7 NR NR 0 6359

Wilson et al. 2015 2000—2014 USA Cincinnati 64 38 72 23.54+0.7 NR 14 8 4732 +492

[22]

Mokadem et al. 2016 1998—2008 USA Indiana 30 39.9+14 80 NR 7 0 13 NR

[23]

Quartuccio 2017 2011-2016 USA Johns 34 39.3 62 24 NR 0 15 NR

et al. [24] Hopkins

Shahbazov 2017 2006—2014 USA Baylor 73 41 68 26.2 6.2 NR NR 5182

et al. [25]

Solomina et al. 2017 NR USA Chicago 20 41 65 26.4 8.5 10 NR 2980

[26]

Morgan et al. 2018 2009—2017 USA South 195 40.3 72 26.5 8.1 19 6 3253

[27] Carolina

TP: total pancreatectomy; IAT: islet autotransplantation; IEQ: islet equivalents; DM: diabetes mellitus; NR: not reported.
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Fig. 1. Most of the reasons for exclusion were the lack of
effective information.

Patients’ characteristics are shown in Table 1. Of the
17 studies, fourteen were performed in the United States
[11—13,16—18,20—27] and three in Europe [14,15,19]. The
mean age of the patients was 53 years, and 69.5% of par-
ticipants were female. The follow-up ranged from 1-210
months. Preoperative diabetes mellitus status was found
in 146 patients. The quality of the included studies was
suboptimal (Supplementary table* 1) because most were
single-center, small-sample case series. Only one study
included a control group [19].

There was no evidence of publication bias (P-values
for Begg’s and Egger’s tests for all outcomes were >0.05,
Supplementary table* 2). However, because the number of
studies was less than 20, the publication bias tests were
unreliable.

Outcomes of TPIAT in chronic pancreatitis

The outcomes reported by included studies are shown in
Table 2 and the results of random-effects meta-analysis are
shown in Table 3. Figs. 2—4 shows a meta-analysis of the
incidence density of insulin independence, narcotic inde-
pendence, and mortality at last follow-up, respectively. The
results of the meta-regressions and the number of studies
included in each analysis are shown in Table 4. Unfortu-
nately, we could not include all of the studies because of
missing data.

Insulin independence rate

The rate of insulin independence at 1 year was 33.29% (95%
Cl: 27.77-39.05%, 1> =32.3%) in 603 patients in eight studies
[11,12,14,17,24—27]. The rate of insulin independence at
last follow-up was reported in 15 studies that included 595
patients [11—16,18—25,27]. The rate of insulin incidence
in individual studies ranged from 0—41.10 per 100 person-
years. The incidence density of insulin independence was
11.47 per 100 person-years with high between-study het-
erogeneity (95% Cl: 6.79—21.60, 12 =91.0%, Fig. 2). Subgroup
analysis showed that the rate of insulin independence in the
United States was significantly higher than that in Europe
(Table 5). Notably, heterogeneity was present in American
studies [11—13,16,18,20—25,27], but not in European stud-
ies [14,15,19]. Otherwise, the pooled insulin independence
rate in low-quality studies was higher than that in high-
quality studies.

Narcotic independence rate

Eleven studies reported preoperative use of narcotic drugs,
and almost all patients were preoperatively dependent on
narcotic drugs [11,12,15—19,21—23,26]. The incidence rate
of narcotic independence postoperatively was 18.11 per
100 person-years (95% Cl: 5.29—62.04, 1> =98.8%, Fig. 3) in
535 patients in 10 studies [11,12,16—20,22,23,25]. Subgroup
analyses based on country and the NOS score were not sta-
tistically significant (Table 5).

Mortality

The 30-day mortality was 1.32% (95% Cl: 0.68—2.16,
[2=0.0%) and the 1-year mortality was 2.54% (95% Cl:
1.32—4.16, 12=17.6%). The rate of mortality at last follow-
up was reported in 13 studies that included 805 patients
[11—18,21,23,25—27]. The incidence density of cumulative
mortality was 2.88 per 100 person-years (95% Cl: 1.75—4.74,
I2=46.8%) (Fig. 4). Subgroup analyses showed superior
survival in American studies [11—13,16—18,21,23,25—27]
compared with European studies [14,15], and showed that
the region and quality score of studies may be a source of
heterogeneity (Table 5).

Major complication rate

The incidence rate of major complications postoperatively
was 28.5% (95% Cl: 19.3—38.71, 12 =84.6%) in 838 patients in
11 studies [11,12,15,17—19,21-23,26,27]. This rate varied
from 0%—62% in the different included studies.

Metabolic outcomes

The levels of glycosylated hemoglobin (HbA1c) at last follow-
up were described in four studies with a mean or median of
7.72% [18], 6.8% [21], 7.8% [22], and 7.35% [23]. HbA1c lev-
els at 6 months were reported by two studies, with mean
values of 5.88% [14] and 7.5% [15]. Additionally, Solomina
et al. reported that the median HbA1c level was 6.0%, 5.8%,
and 6.0% at 1, 2, and 3years, respectively [26]. Fasting C-
peptide levels at 6 months were reported by two studies
with mean values of 1.7 [15] and 0.91ng/mL [22]. Suther-
land et al. also reported that 90% of patients had C-peptide
levels>0.6 ng/mL at 3years postoperatively [17]. Only two
studies reported that the median fasting C-peptide level at
last follow-up were 0.4ng/mL [18] and 1.0ng/mL [21]. The
data of HbA1c and C-peptide levels were insufficient for a
meta-analysis.

Sensitivity analysis

We conducted sensitivity analyses for the three primary out-
comes by repeating the analyses with exclusion of studies
one by one. Sensitivity analyses showed no significant source
of heterogeneity (Supplementary Figs. 1-3).

Discussion

TP is an effective method for treating severe CP, but it
inevitably causes brittle diabetes. Unlike other forms of dia-
betes mellitus, patients with pancreatic diabetes not only
lack insulin, glucagon and other regulatory hormones are
also significantly deficient. Therefore, metabolic-related
complications easily occur [15]. Development of IAT can help
to avoid severe hypoglycemic episodes that result in brittle
diabetes, even when patients are not insulin independent
[16]. However, the procedure of IAT is not without risk and
it may cause bleeding and portal vein thrombosis. In recent
years, many physicians have realized that insulin indepen-
dence should not be the primary goal of patients with TPIAT,

(2019), https://doi.org/10.1016/j.clinre.2019.08.004
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Table 2 Outcomes of interest.

Studies No. of Months NI rate at Mortality (%) Il rate (%) Major C-peptide at HbA1c at
patients last complications last last
follow-up postopera- follow-up follow-up
(%) tive (ng/mL) (%)
30-day 1-year Last 1-year Last
Cameron et al. [11] 8 NR 37.50% 13 NR 13 25 38 25 NR NR
Hinshaw et al. [12] 5 13+5.2 100% 0 NR Oc 67 40 20 NR NR
Rastellini et al. [13] 5 3—64 NR 0 NR 0 NR 80 NR NR NR
Oberholzer et al. [14] 6 45.7+17.5 NR 0 NR 50 50 0 NR NR NR
(5.88+0.84
at 6 months)
Argo et al. [15] 21 6.7+1.7 NR 0 NR 0 NR 0 62 NR NR
(1.7+£0.57, (7.5+0.47
at 6 months) at 6 months)
Dixon et al. [16] 7 NR 14% NR 14 NR 20 NR NR NR
Sutherland et al. [17] 409 NR 49% 1.2 3 38 28 NR 15.9 NR NR
(90%>0.6 at
3years)
Walsh et al. [18] 20 12 (6.75—24) 30% 0 0 0 NR 20 45 0.4 7.72+£2.05
(0.27—1.0)
Garcea et al. [19] 60 138 (6—210) 45% 1.7 NR NR NR 18.6 53.3 NR NR
Gruessner et al. [20] 61 1-24 71% 0 NR NR NR 19 NR NR NR
Tai et al. [21] 6 NR NR 0 NR 0 NR 333 0 1.0 6.8
Wilson et al. [22] 64 23.4 (8.2—34.6) 51.6% NR NR NR NR 20 18.8 0.91, at 7.8
6 months
Mokadem et al. [23] 30 36 (6—120) 30% NR NR 10 NR 15 13.3 NR 7.35
Quartuccio et al. [24] 34 11.8+2.1 NR NR NR NR 29.4 29.4 NR NR NR
Shahbazov et al. [25] 73 12 50.7% 0 0 0 41.1 411 NR NR NR
Solomina et al. [26] 20 28 (2—38) NR 0 0 0 53 NR 40 NR 6 (5.5—6.8),
1year; 5.8
(5.5-6.2),
2 years; 6
(5.4-6.6),
3years
Morgan et al. [27] 195 6—60 NR 1 3.6 6.7 29.2 23.1 19 NR NR

NI: narcotic independence; Il: insulin independence; NR: not reported.
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Table 3  Results of random-effects meta-analysis.

Outcomes of interest Studies Events Total Rate 95%Cl 12%

Il rate at the 1-year follow-up (%) 8 189 603 33.29 27.77—39.05 32.3
Il rate at the last follow-up (100-PY) 15 141 595 11.47 6.79—21.60 91.0
30-day mortality (%) 14 9 896 1.32 0.68—2.16 0.0
1-year mortality (%) 5 19 717 2.54 1.32—4.16 17.6
Cumulative mortality at last follow-up (100-PY) 13 176 805 2.88 1.75—-4.74 46.8
NI rate at the last follow-up (100-PY) 10 260 737 18.11 5.29-62.04 98.8
Major complications postoperative (%) 11 183 838 28.53 19.31-38.71 84.6

NI: narcotic independence; Il: insulin independence; PY: person-year.

Study Incidence rate/100 %

ID person-years (95% Cl) Weight
1

Cameron et al. —_ 23.13 (7.46,71.72) 6.72

Hinshaw et al. -i—o—) 36.90 (9.23, 147.54) 6.06

Rastellini C et al —_—— 22.86 (8.58, 60.90) 7.10
1

Oberholzer et al. * : 2.14 (0.13, 34.23) 3.23
|

Argo et al * : 4.09 (0.26, 65.36) 3.23

Dixon et al —_—T%———— 1667 (2.35, 118.32) 4.69
1

Walsh et al. ——— 20.00 (7.51, 53.29) 710
1

Garcea et al —— ! 1.59 (0.88, 2.88) 7.97

Gruessner et al E—O— 19.67 (11.17, 34.64) 8.01

Taietal —_— 4.76 (1.19, 19.04) 6.06
1

Wilson et al —_— 10.42 (6.05, 17.94) 8.05

Mokadem et al —O—i 4.44 (1.67, 11.84) 7.10

Quartuccio et al | —— 29.91 (16.09, 55.60) 7.91
1

Shahbazov et al . - 41.10 (28.73, 58.78) 8.34
1

Morgan et al - 4.62 (3.45,6.18) 8.41

Overall (I-squared = 91.0%, p = 0.000) <> 11.47 (6.10, 21.56) 100.00
1

NOTE: Weights are from random effects analysis E

T T T

.05 1 10 100

Figure 2  Pooled rate of insulin independence at last follow-up by random-effects meta-analysis. The incidence density of insulin
independence at last follow-up was 11.47 per 100 patient-years (95% Cl: 6.79—21.60, 12 =91.0%).

Table 4 Results of meta-regression models.

Outcomes Characteristics No. of studies No. of patients P-value
Il rate at last IEQ/kg 8 446 0.565
follow-up Baseline-DM 10 389 0.496
Female (%) 12 524 0.101
Alcoholic (%) 11 504 0.74
Duration 6 371 0.963
NI rate at last IEQ/kg 4 114 0.552
follow-up Alcoholic (%) 8 222 0.891
Female (%) 9 233 0.118
Duration 6 182 0.859
Mortality at last IEQ/kg 7 341 0.317
follow-up Female (%) 11 794 0.127
Duration 7 740 0.299

NI: narcotic independence; Il: insulin independence; IEQ: islet equivalents; DM: diabetes mellitus.

Please cite this article in press as: Zhang Y-J, et al. Efficacy and safety of islet autotransplantation after total pancreate-
ctomy in chronic pancreatitis: A systematic review and meta-analysis including 17 studies. Clin Res Hepatol Gastroenterol
(2019), https://doi.org/10.1016/j.clinre.2019.08.004



https://doi.org/10.1016/j.clinre.2019.08.004

+Model
CLINRE-1320; No. of Pages 11

8 Y.-J. Zhang et al.

Study Incidence rate/100 %

ID person-years (95% Cl) Weight
;

Cameron et al. —_— 23.13 (7.46, 71.72) 9.62
|
1

Hinshaw et al. | —%—> 92.25(38.40, 221.64) 9.94
1

Dixon et al —0:— 16.67 (2.35, 118.32) 8.27
1

Sutherland et al ol ! 1.23 (1.02, 1.50) 10.44
.

Walsh et al. —1—0— 30.00 (13.48, 66.78) 10.02
1

Garcea et al —— : 3.91(2.68, 5.71) 10.37
1

Gruessner et al . - 70.49 (52.28, 95.05) 10.40
i

Wilson et al - 22.44 (15.49, 32.49) 10.37
4

Mokadem et al —o—~ 10.00 (5.20, 19.22) 10.17
H

Shahbazov et al I 50.68 (36.72, 69.95) 10.39
:

Overall (l-squared = 98.8%, p = 0.000) <> 18.11 (5.29, 62.04) 100.00
1
1

NOTE: Weights are from random effects analysis :

T — T
5 1 10 100
Figure 3 Pooled rate of narcotic independence at last follow-up by random-effects meta-analysis. The incidence density of

narcotic independence at last follow-up was 18.11 per 100 patient-years (95% Cl: 5.29—62.04, 1> =98.8%).
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Pooled rate of mortality at last follow-up by random-effects meta-analysis. The incidence density of mortality at last

follow-up was 2.88 per 100 patient-years (95% Cl: 1.75—4.74, |12 =46.8%).

but should be aimed at improving the quality of life [26]. By
alleviating pain while preventing or minimizing surgical dia-
betes, the quality of life for patients with CP who undergo
TPIAT can be improved [28]. A large number of studies have
investigated the value of TPIAT in CP, but the efficacy and
safety of this procedure are still inconclusive. Therefore, we
conducted a meta-analysis of 1024 patients from 17 studies
to derive a more precise estimation of TPIAT.

In this systematic review and meta-analysis, we found
that the rate of insulin independence at last follow-up varied

from 0%—80%. The rate of insulin independence in our anal-
ysis (11.47/100 person-years) is higher than that in previous
studies [29,30]. Garcea et al. found a significant reduction
in the daily insulin dosage at 8 years after an operation in
patients with TPIAT compared with those who underwent
TP alone [19]. The factors that may affect insulin indepen-
dence are still unclear. Cincinnati and Minnesota’s studies
suggest that insulin independence correlates with islet yield
[31,32]. Chinnakotla et al. also showed that low islet yield
(<20001EQ/kg) is the most significant risk factor for islet
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Table 5 Results of subgroup analyses.
Outcomes Subgroup No. of No. of Subtotal Overall
Studies patients
12% P-value  1*% P-value
Il rate at last follow-up Country USA 12 508 90.0 <0.05 91.0 <0.05
Europe 3 87 0.0 0.796
The NOS score  NOS<6 9 217 73.9 <0.05
NOS>6 6 378 92.3 <0.05
NI rate at last follow-up Country USA 9 677 98.9 <0.05 98.8 <0.05
Europe 1 60 — —
The NOS score  NOS<6 6 184 85.0 <0.05
NOS>6 4 553 98.7 <0.05
Mortality at last follow-up  Country USA 11 778 11.4 0.336 46.8 <0.05
Europe 2 27 0.0 0.445
The NOS score  NOS<6 8 156 10.4  0.350
NOS>6 5 649 0.0 0.780

NI: narcotic independence; Il: insulin independence.

failure [33]. Additionally, Quartuccio et al. showed that pre-
operative B-cell function was the most robust predictor of
insulin independence, which was measured by HOMA-beta
(calculated by fasting glucose and insulin values) [24]. These
authors concluded that a preoperative low-level oral glucose
tolerance test was of great significance in predicting insulin
independence. The degree of histopathological changes,
preoperative C-peptide levels, and early surgical history are
considered to be related to islet yield [34,35]. Patients who
undergo a previous Frey or Puestow procedure have diffi-
cult in achieving high islet yields because it may make islet
isolation more difficult [22]. Morgan and colleagues demon-
strated that patients with prior pancreatic surgery were
more likely to require insulin postoperatively because of
lower islet yield [27]. However, our meta-regression showed
no significant correlation between insulin independence and
any of these factors. Differences in isolation and purifica-
tion techniques of islets from different centers also have
an important effect on islet yield. Therefore, a uniform
standard is required to eliminate the heterogeneity of tech-
nological sources.

Disappearance of pain is important for improving the
quality of life of patients with CP [36]. The rate of nar-
cotic independence in our analysis ranged from 14% to 100%.
With a lack of pain, patients can return to school, pursue a
successful career, establish a happy family, and enjoy life.
Intrathecal narcotic pump infusion is a relatively mild new
technique that can produce similar analgesic effects com-
pared with TPIAT (77% vs. 80%), but it has better glycemic
control at the same time [23,37]. However, more cases and
longer follow-up are required to verify this conclusion. For
patients with CP, pre-TPIAT use of narcotics for chronic pain
may lead to increased sensitivity to pain. Therefore, achiev-
ing complete narcotic independence after an operation is
difficult. This indicates that the narcotic independent rate
may not be the most accurate reflection of postoperative
pain relief [38]. The difference in pain sensitivity between
different patients can also partly explain the high hetero-
geneity of the pooled narcotic independent rate.

In our analysis, the 30-day mortality rate varied from
0%—13%. The incidence density of last follow-up mortal-
ity was 2.88 per 100 person-years. Compared with TP
alone, TP with IAT not only reduced insulin requirements,
but also conferred a survival advantage. Garcea et al.
found that the difference in survival between TP with-
out IAT and TP with IAT was statistically significant (12.9
vs. 16.5ears, P=0.011) [19]. Previous studies have shown
that the incidence of major complications after TPIAT is
similar to that of other pancreatic operations [39]. In
our meta-analysis, the overall pooled incidence of major
complications in patients with TPIAT was 28.53%. Common
postoperative complications included bleeding, anastomotic
leakage, abdominal abscess, and wound infection [15,19]. In
islet transplantation, bleeding is the most common compli-
cation, which is associated with high portal pressure during
injection [17]. Because of the different criteria for grading
the severity of complications in different research groups,
there is likely to be bias in outcome reporting.

Our systematic review and meta-analysis has the follow-
ing advantages. Our study included 1024 patients from 17
studies, and the results of this sample size are somewhat
more likely to be credible. Compared with previous studies
[29,30], our insulin independence rate at last follow-up was
more than twice that of the previous insulin independence
rate, which could possibly be explained by the fact that we
added several recent studies into our study. Additionally,
the present review pooled the rates of narcotic indepen-
dence and major postoperative complications, which were
more comprehensive in assessing the safety and effective-
ness of TPIAT. Previous studies ignored these indicators.
Furthermore, we only included patients with CP who were
treated with total, subtotal, or completion (95%) pancreate-
ctomy followed by IAT. This maximized the effect of residual
pancreatic tissue on insulin independence and metabolic-
related complications after surgery.

Our study also has several limitations. Firstly, the
main limitation of our research is high heterogeneity,
which greatly affected our pooled results. Although we
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conducted subgroup analyses, sensitivity analyses, and
meta-regression, we failed to determine the causes of het-
erogeneity. The incidence rates are sensitive to selection
of participants and the duration of follow-up. Therefore,
potential heterogeneity for descriptive epidemiological
studies is much greater than that for other studies. Sec-
ondly, the studies that we included were all non-randomized
controlled studies, and the level of evidence in such studies
was relatively low. Most studies lacked a comparative cohort
and had relatively small-sample sizes. Because of significant
and unexplained heterogeneity (1> >50%) and methodologi-
cal differences between studies, our results pose a great
risk of random and systematic errors. Thirdly, the differ-
ences in surgical indications and timing in different periods
have a great influence on the results of the article. Early
surgery may not be considered until the late stages of the
disease, resulting in differences in surgical outcomes at dif-
ferent periods. There is no doubt that insulin independence
is affected by islet isolation techniques in different cen-
ters, and mortality is closely related to the severity of the
patient’s condition before surgery, which may also lead to
differences in the outcomes of different studies. Inconsis-
tent reporting also limited our ability to estimate the effect
of preoperative indicators on surgical outcomes. Further
individual patients’ data in a meta-analysis might be able
to address these issues.

Conclusion

TPIAT can effectively relieve pain and reduce the risk of
surgical diabetes with no increase in mortality or morbidity.
Even if patients cannot achieve insulin independence, they
can significantly improve the quality of life. However, the
outcomes of TPIAT differ in patients with CP. Therefore, a
multidisciplinary team approach is necessary to evaluate the
risk and benefit before the operation. Prospective, random-
ized, clinical trials are required to further evaluate selection
of patients and the timing of TPIAT.

Authors’ contributions

Conception and design of the study: Ya-Jun Zhang.
Generation, collection, assembly, analysis, and/or inter-
pretation of data: Dan-Dan Duan, Hang Yuan, Ya-Jun Zhang.
Drafting of the manuscript: Ya-Jun Zhang.
Revision of the manuscript: Dan-Dan Duan, Hang Yuan.
Approval of the final version of the manuscript: Ya-Jun
Zhang, Dan-Dan Duan, Hang Yuan.

Funding

None.

Disclosure of interest

The authors declare that they have no competing interest.

Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at https://doi.org/10.
1016/j.clinre.2019.08.004.

References

[1] Ahmed S, Wray C, Rilo H, Choe K, Gelrud A, Howington
J, et al. Chronic pancreatitis: recent advances and ongoing
challenges. Curr Probl Surg 2006;43(3):135—238, http://dx.
doi.org/10.1067/j.cpsurg.2005.12.005.

Blondet J, Carlson A, Kobayashi T, Jie T, Bellin M, Her-

ing B, et al. The role of total pancreatectomy and

islet autotransplantation for chronic pancreatitis. Surg

Clin N Am 2007;87(6):1477—501, http://dx.doi.org/10.

1016/j.suc.2007.08.014.

Bellin M, Gelrud A, Arreaza-rubin G, Dunn T, Humar

A, Morgan K, et al. Total pancreatectomy with islet

auto-transplantation (TPIAT): summary of an NIDDK Work-

shop. Ann Surg 2015;261(1):21—9, http://dx.doi.org/10.1097/
mpa.0000000000000236.

Najarian J, Sutherland D, Matas A, Steffes M, Simmons R, Goetz

F. Human islet transplantation: a preliminary report. Transplant

Proc 1977;9(1):233—6 [PMID:405770].

[5] Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Pet-
ticrew M, et al. Preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P) 2015: elab-
oration and explanation. BMJ 2015;349:97647, http://dx.
doi.org/10.1136/bmj.g7647.

[6] Stroup D, Berlin J, Morton S, Olkin I, Williamson G, Rennie D,
et al. Meta-analysis of observational studies in epidemiology: a
proposal for reporting. Meta-analysis Of Observational Studies
in Epidemiology (MOOSE) group. JAMA 2000;283(15):2008—12,
http://dx.doi.org/10.1001/jama.283.15.2008.

[7] Taggart D, D’Amico R, Altman D. Effect of arterial revas-
cularisation on survival: a systematic review of studies
comparing bilateral and single internal mammary arter-
ies. Lancet (North American Edition) 2001;358(9285):0—875,
http://dx.doi.org/10.1016/50140-6736(01)06069-X.

[8] Sutton A, Abrams K, Jones D, Sheldon T. Methods for meta-
analysis in medical research. Chichester (United Kingdom):
Wiley: J. Wiley; 2002.

[9] DerSimonian R, Laird N. Meta-analysis in clini-
cal trials. Controlled Clin Trials 1986;7:177—88,
http://dx.doi.org/10.1016/0197-2456(86)90046-2.

[10] Higgins J, Thompson S, Deeks J, Altman D. Measur-
ing inconsistency in meta-analyses. BMJ 2003;327:557—60,
http://dx.doi.org/10.1136/bmj.327.7414.557.

[11] Cameron J, Mehigan D, Broe P, Zuidema G. Distal pan-
createctomy and islet autotransplantation for chronic pan-
creatitis. Ann Surg 1981;193(3):312—7, http://dx.doi.org/
10.1097/00000658-198103000-00010.

[12] Hinshaw D, Jolley W, Hinshaw D, Kaiser J, Hinshaw K.
Islet autotransplantation after pancreatectomy for chronic
pancreatitis with a new method of islet preparation.
Am J Surg 1981;142(1):118—22, http://dx.doi.org/10.
1016/s0002-9610(81)80020-7.

[13] Rastellini C, Shapiro R, Corry R, Fung J, Starzl T, Rao A. Treat-
ment of isolated pancreatic islets to reverse pancreatectomy-
induced and insulin-dependent type | diabetes in humans:
a 6-year experience. Transplant Proc 1997;29(1-2):746,
http://dx.doi.org/10.1016/s0041-1345(96)00449-6.

[14] Oberholzer J, Triponez F, Mage R, Andereggen E, Buhler
L, Cretin N, et al. Human islet transplantation: lessons
from 13 autologous and 13 allogeneic transplantations.

[2

—

3

—

[4

[inar}

(2019), https://doi.org/10.1016/j.clinre.2019.08.004

Please cite this article in press as: Zhang Y-J, et al. Efficacy and safety of islet autotransplantation after total pancreate-
ctomy in chronic pancreatitis: A systematic review and meta-analysis including 17 studies. Clin Res Hepatol Gastroenterol



https://doi.org/10.1016/j.clinre.2019.08.004
http://dx.doi.org/10.1016/j.clinre.2019.08.004
http://dx.doi.org/10.1016/j.clinre.2019.08.004
dx.doi.org/10.1067/j.cpsurg.2005.12.005
dx.doi.org/10.1067/j.cpsurg.2005.12.005
dx.doi.org/10.1016/j.suc.2007.08.014
dx.doi.org/10.1016/j.suc.2007.08.014
dx.doi.org/10.1097/mpa.0000000000000236
dx.doi.org/10.1097/mpa.0000000000000236
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0215
dx.doi.org/10.1136/bmj.g7647
dx.doi.org/10.1136/bmj.g7647
dx.doi.org/10.1001/jama.283.15.2008
dx.doi.org/10.1016/S0140-6736(01)06069-X
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0235
dx.doi.org/10.1016/0197-2456(86)90046-2
dx.doi.org/10.1136/bmj.327.7414.557
dx.doi.org/10.1097/00000658-198103000-00010
dx.doi.org/10.1097/00000658-198103000-00010
dx.doi.org/10.1016/s0002-9610(81)80020-7
dx.doi.org/10.1016/s0002-9610(81)80020-7
dx.doi.org/10.1016/s0041-1345(96)00449-6

+Model
CLINRE-1320; No. of Pages 11

Efficacy of TPIAT in CP

11

Transplantation 2000;69(6):1115—23, http://dx.doi.org/10.
1097/00007890-200003270-00016.

[15] Argo J, Contreras J, Wesley M, Christein J, Borman K.
Pancreatic resection with islet cell autotransplant for the
treatment of severe chronic pancreatitis. Gastroenterology
2008;136(5):872 [PMID: 18556996].

[16] Dixon J, Delegge M, Morgan K, Adams D. Impact of total
pancreatectomy with islet cell transplant on chronic pan-
creatitis management at a disease-based center. Am Surg
2008;74(8):735—8 [PMID: 18705576].

[17] Sutherland D, Radosevich D, Bellin M, Hering B, Beilman G,
Dunn T, et al. Total pancreatectomy and islet autotransplanta-
tion for chronic pancreatitis. J Am Coll Surg 2012;214:409—26,
http://dx.doi.org/10.1016/j.jamcollsurg.2011.12.040.

[18] Walsh R, Saavedra J, Lentz G, Guerron A, Scheman
J, Stevens T, et al. Improved quality of life follow-
ing total pancreatectomy and auto-islet transplantation for
chronic pancreatitis. J Gastrointest Surg 2012;16(8):1469—77,
http://dx.doi.org/10.1007/s11605-012-1914-6.

[19] Garcea G, Pollard C, Illouz S, Webb M, Metcalfe M,
Dennison A. Patient satisfaction and cost-effectiveness
following total pancreatectomy with islet cell transplanta-
tion for chronic pancreatitis. Pancreas 2013;42(2):322-8,
http://dx.doi.org/10.1097/MPA.0b013e318264d027.

[20] Gruessner R, Cercone R, Galvani C, Rana A, Porubsky
M, Gruessner A, et al. Results of open and robot-
assisted pancreatectomies with autologous islet transplan-
tations: treating chronic pancreatitis and preventing surgi-
cally induced diabetes. Transplant Proc 2014;46(6):1978—9,
http://dx.doi.org/10.1016/j.transproceed.2014.06.005.

[21] Tai D, Shen N, Szot G, Posselt A, Feduska N,
Habashy A, et al. Autologous islet transplantation
with remote islet isolation after pancreas resection

for chronic pancreatitis. JAMA Surg 2015;150(2):118,
http://dx.doi.org/10.1001/jamasurg.2014.932.

[22] Wilson G, Sutton J, Smith M, Schmulewitz N, Salehi
M, Choe K, et al. Completion pancreatectomy and
islet cell autotransplantation as salvage therapy for
patients failing previous operative interventions for
chronic pancreatitis. Surgery 2015;158(4):872—-80,
http://dx.doi.org/10.1016/j.surg.2015.04.045.

[23] Mokadem M, Noureddine L, Howard T, McHenry L,
Sherman S, Fogel E, et al. Total pancreatectomy
with islet cell transplantation vs. intrathecal narcotic
pump infusion for pain control in chronic pancre-
atitis.  World J  Gastroenterol  2016;22(16):4160—7,
http://dx.doi.org/10.3748/wjg.v22.i16.4160.

[24] Quartuccio M, Hall E, Singh V, Makary M, Hirose K, Desai
N, et al. Glycemic Predictors of Insulin Independence
after Total Pancreatectomy with Islet Auto Transplan-
tation. J Clin Endocrinol Metab 2016;102(3):jc20162152,
http://dx.doi.org/10.1210/jc.2016-2952.

[25] Shahbazov R, Yoshimatsu G, Haque W, Khan O, Sara-
cino G, Lawrence M, et al. Clinical effectiveness of
a pylorus-preserving procedure on total pancreatectomy
with islet autotransplantation. Am J Surg 2016;213(6):1065,
http://dx.doi.org/10.1016/j.amjsurg.2016.09.051.

[26] Solomina J, Gotebiewska J, Kijek M, Kotukhov A, Bachul
P, Basto L, et al. Pain control, glucose control, and qual-
ity of life in patients with chronic pancreatitis after
total pancreatectomy with islet autotransplantation: a
preliminary report. Transplant Proc 2017;49(10):2333,
http://dx.doi.org/10.1016/j.transproceed.2017.10.010.

[27] Morgan K, Lancaster W, Owczarski S, Wang H, Borckardt
J, Adams D. Patient Selection for Total Pancreatectomy
with Islet Autotransplantation in the Surgical Management
of Chronic Pancreatitis. J Am Coll Surg 2018;226(4):446,
http://dx.doi.org/10.1016/j.jamcollsurg.2017.12.018.

[28] Georgiev G, Beltran d R, Gruessner A, Tiwari M, Cer-
cone R, Delbridge M, et al. Patient quality of life and
pain improve after autologous islet transplantation (AIT)
for treatment of chronic pancreatitis: 53 patient series at
the University of Arizona. Pancreatology 2015;15(1):40—5,
http://dx.doi.org/10.1016/j.pan.2014.10.006.

[29] Dong M, Parsaik A, Erwin P, Farnell M, Murad M,
Kudva Y. Systematic review and meta-analysis: islet
autotransplantation after pancreatectomy for mini-
mizing diabetes. Clin  Endocrinol  2011;75(6):771-9,
http://dx.doi.org/10.1111/j.1365-2265.2011.04121.x.

[30] Wu Q, Zhang M, Qin Y, Jiang R, Chen H, Xu X, et al.
Systematic review and meta-analysis of islet auto-
transplantation after total pancreatectomy in chronic
pancreatitis  patients. Endocr J  2015;62(3):227—34,
http://dx.doi.org/10.1507/endocrj.EJ14-0510.

[31] Ahmad S, Wray C, Rilo H, Choe K, Gelrud A, How-
ington J, et al. Chronic pancreatitis: recent advances
and ongoing challenges. Curr Probl Surg 2006;43:127—238,
http://dx.doi.org/10.1067/j.cpsurg.2005.12.005.

[32] Sutton J, Schmulewitz N, Sussman J, Smith M, Kurland
J, Brunner J, et al. Total pancreatectomy and islet cell
autotransplantation as a means of treating patients with
genetically linked pancreatitis. Surgery 2010;148:676—85,
http://dx.doi.org/10.1016/j.surg.2010.07.043.

[33] Chinnakotla S, Beilman G, Dunn T, Bellin M, Freeman M,
Radosevich D, et al. Factors predicting outcomes after a
total pancreatectomy and islet autotransplantation lessons
learned from over 500 cases. Ann Surg 2015;262(4):610—22,
http://dx.doi.org/10.1097/SLA.0000000000001453.

[34] Bellin M, Blondet J, Beilman G, Dunn T, Balamurugan A,
Thomas W, et al. Predicting islet yield in pediatric patients
undergoing pancreatectomy and autoislettransplantation
for chronic pancreatitis. Pediatr Diabetes 2010;11:227—-34,
http://dx.doi.org/10.1111/j.1399-5448.2009.00575.x.

[35] Kobayashi T, Manivel J, Carlson A, Bellin M, Moran A,
Freeman M, et al. Correlation of histopathology, islet
yield, and islet graft function after islet autotransplan-
tation in chronic pancreatitis. Pancreas 2011;40:193-9,
http://dx.doi.org/10.1097/mpa.0b013e3181fa4916.

[36] Dorlon M, Owczarski S, Wang H, Adams D, Morgan K.
Increase in postoperative insulin requirements does not lead
to decreased quality of life after total pancreatectomy with
islet cell autotransplantation for chronic pancreatitis. Am Surg
2013;79(7):676—80 [PMID: 23815999].

[37] Kongkam P, Wagner D, Sherman S, Fogel E, Whit-
taker S, Watkins J, et al. Intrathecal narcotic infusion
pumps for intractable pain of chronic pancreatitis: a
pilot series. Am J Gastroenterol 2009;104(5):1249-55,
http://dx.doi.org/10.1038/ajg.2009.54.

[38] Blondet J, Carlson A, Kobayashi T, Jie T, Bellin
M, Hering B, et al. The role of total pancrea-
tectomy and islet autotransplantation for chronic

pancreatitis. Surg Clin N Am  2007;87:1477-501,
http://dx.doi.org/10.1016/j.suc.2007.08.014.

[39] Andersen D, Frey C. The evolution of the surgical treat-
ment of chronic pancreatitis. Ann Surg 2010;251:18-32,
http://dx.doi.org/10.1097/SLA.0b013e3181ae3471.

(2019), https://doi.org/10.1016/j.clinre.2019.08.004

Please cite this article in press as: Zhang Y-J, et al. Efficacy and safety of islet autotransplantation after total pancreate-
ctomy in chronic pancreatitis: A systematic review and meta-analysis including 17 studies. Clin Res Hepatol Gastroenterol



https://doi.org/10.1016/j.clinre.2019.08.004
dx.doi.org/10.1097/00007890-200003270-00016
dx.doi.org/10.1097/00007890-200003270-00016
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0270
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0275
dx.doi.org/10.1016/j.jamcollsurg.2011.12.040
dx.doi.org/10.1007/s11605-012-1914-6
dx.doi.org/10.1097/MPA.0b013e318264d027
dx.doi.org/10.1016/j.transproceed.2014.06.005
dx.doi.org/10.1001/jamasurg.2014.932
dx.doi.org/10.1016/j.surg.2015.04.045
dx.doi.org/10.3748/wjg.v22.i16.4160
dx.doi.org/10.1210/jc.2016-2952
dx.doi.org/10.1016/j.amjsurg.2016.09.051
dx.doi.org/10.1016/j.transproceed.2017.10.010
dx.doi.org/10.1016/j.jamcollsurg.2017.12.018
dx.doi.org/10.1016/j.pan.2014.10.006
dx.doi.org/10.1111/j.1365-2265.2011.04121.x
dx.doi.org/10.1507/endocrj.EJ14-0510
dx.doi.org/10.1067/j.cpsurg.2005.12.005
dx.doi.org/10.1016/j.surg.2010.07.043
dx.doi.org/10.1097/SLA.0000000000001453
dx.doi.org/10.1111/j.1399-5448.2009.00575.x
dx.doi.org/10.1097/mpa.0b013e3181fa4916
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
http://refhub.elsevier.com/S2210-7401(19)30187-1/sbref0375
dx.doi.org/10.1038/ajg.2009.54
dx.doi.org/10.1016/j.suc.2007.08.014
dx.doi.org/10.1097/SLA.0b013e3181ae3471

	Efficacy and safety of islet autotransplantation after total pancreatectomy in chronic pancreatitis: A systematic review a...
	Introduction
	Materials and methods
	Study design
	Search strategy
	Inclusion criteria and exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study selection and patients’ characteristics
	Outcomes of TPIAT in chronic pancreatitis
	Insulin independence rate
	Narcotic independence rate
	Mortality
	Major complication rate
	Metabolic outcomes
	Sensitivity analysis

	Discussion
	Conclusion
	Authors’ contributions
	Funding
	Disclosure of interest
	Appendix A Supplementary data
	References


