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Abstract
Introduction We assessed whether positive microbiological cultures from the islet preparation had any effect on the risk of
infectious complications (IC) after total pancreatectomy with islet autotransplantation (TPIAT) in our center.
Methods We analyzed preservation fluid and final islet product surveillance cultures with reference to clinical data of patients
undergoing TPIAT. All patients received routine prophylactic broad-spectrum antibiotics.
Results The study involved 10 men and 18 women with a median age of 39 years. Over 30% of surveillance cultures during
pancreas processing grew bacterial strains with predominantly polymicrobial contaminations (13 of 22 (59%)). At least one
positive culture was identified in almost half of the patients (46%) undergoing TPIAT and a third had both surveillance cultures
positive. Infectious complications affected 50% of patients. After excluding cases of PICC line-associated bacteremia/fungemia
present on admission, incidence of IC was higher in cases of positive final islet product culture than in those with negative result
(57% vs. 21%), which also corresponded with the duration of chronic pancreatitis (p = 0.04). Surgical site infections were the
most common IC, followed by fever of unknown origin. There was no concordance between pathogens isolated from the
pancreas and those identified during the infection.
Conclusions While IC was common among TPIAT patients, we found no concordance between pathogens isolated from the
pancreas and those identified during infection. Contamination of the final islet product was of clinical importance and could
represent a surrogate marker for higher susceptibility to infection.

Keywords Totalpancreatectomywith islet autotransplantation . Infectiouscomplications .Surveillancecultures .Autologous islet
transplantation

Abbreviations
HbA1c Hemoglobin A1c
ERCP Endoscopic retrograde cholangiopancreatography
IEQ Islet equivalent units
IQR Interquartile range
TPIAT Total pancreatectomy with islet autotransplantation

Introduction

Infectious complications after pancreatic resection are the pri-
mary cause of postoperative morbidity and continue to repre-
sent a major clinical challenge, even in high-volume centers,
despite advances in surgical technique, perioperative care and
the proper evidence-based use of perioperative, prophylactic
antibiotics.1, 2 Due to the emerging role of infection control as
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a metric of quality of surgical care, recent studies have
attempted to identify modifiable risk factors and viable
prevention strategies that could improve patient outcomes.
Surgical site infection was reported to be the second most
common reason for readmission following total pancreatec-
tomy with islet autotransplantation (TPIAT).3 In cases of
TPIAT, infections result not only from the surgical proce-
dure itself, but also from the infusion of the potentially
contaminated islet tissue into the portal vein. While total
pancreatectomy (TP) is considered a therapeutic option for
well-selected patients with chronic pancreatitis, simulta-
neous islet autotransplantation allows for more optimal glu-
cose control with or without the need for exogenous insulin
supplementation. Many of these patients undergo multiple
prior transampullary endoscopic interventions, including
stent placement, and are at additional risk of pre-existent
pancreatic and foregut contamination due to gastric
antisecretory therapy, antibiotic usage, and chronic opioid
use. Here, we examined whether presence of bacteria and
positive microbial cultures during islet processing had any
effect on the risk of developing infectious complications in
our medium-volume transplant center. We also sought to
optimize our antimicrobial prophylaxis.

Methods

Patients

Data from 28 consecutive patients undergoing TPIAT at the
University of Chicago between January 2014 and June 2018
were prospectively collected and analyzed retrospectively.
The study was approved by the University of Chicago
Institutional Review Board. All participants provided written
informed consent.

All patients received a standard broad-spectrum prophylac-
tic antibiotic during the surgery and for 24 h postoperatively:
cefoxitin 2 g (redosed at 2-h intervals during surgery) and
ampicillin 2 g (redosed at 2-h intervals during surgery) follow-
ed by cefazolin abdominal wash or gentamycin 360 mg with
metronidazole 500 mg with subsequent abdominal wash with
bacitracin in patients allergic to penicillins/cephalosporins.
Blood and/or urine cultures were taken at the discretion of
the treating physician, usually whenever symptoms suggested
ongoing infection.

After initial analysis of the first 22 cases from our cohort,
we extended antibiotic prophylaxis from 24 h to 7 days in
subsequent 4 patients with contaminated islet prep.

Definition of Infection

In order to enable the direct comparison of infection rates in
our study with those from other reports, we adopted the

Bdefinition of infection^ published by Berger at al.4 For the
same reason, we regarded a Bfever of unknown origin^ as
infection, whenever empiric antibiotic therapy led to clinical
improvement.4

Surgical Technique: Islet Isolation

Open TP with excision of the duodenum and pancreas was
performed according to the previously described standard
technique.5 , 6 After tr imming, the pancreas was
decontaminated with 10% povidone-iodine solution followed
by two washes in 1× Hank’s Balanced Salt Solution (HBSS)
with cefazolin. In 2018, we ceased washing the pancreas in
HBSS containing cephalosporin. Islets were isolated using the
Ricordi method at the University of Chicago Good
Manufacturing Practice (GMP) facility.5, 6 Islet purification
was performed after digestion only when necessary in order
to reduce tissue volume to below 20 mL. Islets were infused
into the portal vein cannulated under direct vision prior to the
end of the operation. The Endosafe®—spectrophotometric
portable test system was used to measure endotoxin
concentration.

Microbiological Sampling and Analysis

Culture material was transported in anaerobic conditions
to the microbiology laboratory and cultured for the detec-
tion of aerobic and anaerobic microbes. For the aerobic
culture, chocolate, trypticase soy agar with 5% sheep
blood, CNA, and MacConkey agars were inoculated and
incubated for 72 h at 35 °C in 5% CO2. For the anaerobic
culture, Brucella, CNA, egg yolk, and BBE agars were
inoculated and incubated at 35 °C for 6 days under anaer-
obic conditions. In addition, a chopped meat broth was
inoculated and incubated at 35 °C for 14 days. A cytospin
slide was made for Gram stain. If the culture grew organ-
isms that were suspected to be contaminants, the original
specimen was re-inoculated onto the same media and in-
cubated for 14 days. Since March 2017, culture material
has been instead inoculated in the BACTEC™ PLUS
Aerobic/F and BACTEC™ Lytic/10 Anaerobic/F blood
culture bottles (Becton Dickinson, Sparks, MD), which
were incubated in a BACTEC™ FX continuous blood
culture monitoring instrument until growth was detected
or 14 days had elapsed. A separate specimen was submit-
ted for the cytospin slide. Bacteria and yeast were identi-
fied using the Vitek® MS (MALDI-TOF) (bioMérieux,
Inc., Durham, NC).

Metabolic Evaluation

Patients were evaluated for metabolic outcomes at baseline
prior to TPIAT, at day 75 and 1 year post-TPIAT.
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Assessment of islet function and glycemic control included
fasting and stimulated plasma glucose, C-peptide, and
HbA1c levels. Daily insulin requirements were calculated as
the mean of doses in a patient’s log during a 3-day period
1 week prior to each follow-up visit. Criteria previously
established for allogeneic-islet transplant recipients were used
to decide whether to discontinue or resume exogenous
insulin.7

Statistical Analysis

All analyses were performed using Statistica 12.0 (StatSoft)
software. Data was tested for normality. Descriptive statistics
included: median, range, and percentages. The Mann-
Whitney U test was used to compare continuous variables,
and Fischer’s exact test was used to compare proportions.
p ≤ 0.05 was considered to be statistically significant.

Results

Patients

This study involved 10 male and 18 female TPIAT recipients
with a median age of 39 years, including four adolescents with
ages 9, 15, 16, and 17. Detailed baseline characteristics of
patients are presented in Table 1.

Microbiological Contamination of Preservation Media

Pancreas preservation solution was found to be contaminated
in 11 of the 28 (39%) patients. Streptococcus spp.,
Enterococcus spp., and Klebsiella spp. were the most

common microorganisms found in surveillance cultures,
which represented skin or gastrointestinal tract normal flora
(Fig. 1). No fungal growth or multidrug resistant strains were
identified. One, two, and three bacterial species were identi-
fied in 6/28 (21%), 4/28 (14%), and 1/28 (4%) of cases, re-
spectively. In two cases of positive preservation solution, sur-
veillance culture of final islet product produced no growth. In
the first case, the contaminants were Escherichia coli,
Enterobacter cloacae, alpha hemolytic streptococci,
Parvimonas micra, Fusobacterium nucleatum, and in the sec-
ond case Gram-positive cocci. In the remaining 9 cases, cul-
ture results from the preservation media were concordant with
those from the final islet product, except 4 cases, when addi-
tional bacteria/fungi were identified in the final islet
preparation.

Microbiological Contamination of Final Islet Products

Bacterial strains grew in 11/28 (39%) of the final islet prod-
ucts. Enterococcus spp., Klebsiella spp., and streptococcal
species were the most common isolates identified (Fig. 1).
There were no multidrug resistant strains. Mixed culture re-
sults were obtained from 8 patients (29%). All grew organisms
consistent with either skin or gastrointestinal tract normal flo-
ra. Fungal growth (Candida tropicalis,Candida albicans) was
present in only 2 cases (7%). There were two cases of positive
final islet product culture with negative preservation solution
surveillance culture. Granulicatella adiacens, which repre-
sents Gram-positive cocci normal flora of the upper respirato-
ry, gastrointestinal, and urogenital tracts, was identified in the
first case. In the second case, multiple organisms were noted
to be present on both Gram stain and final product culture
results, including Klebsiella oxytoca, Serratia marcescens,

Table 1 Demographic and
baseline patient characteristics Median (n) Range

Age at TPIAT, year 39 9–60

BMI at TPIAT, kg/m2 26 18.2–38.8

Duration of diagnosed pancreatitis, year 7 1–39

Etiology (n)

Genetic

Cationic trypsinogen (PRSS1) 8

Cystic fibrosis transmembrane conductance regulator gene (CFTR) 10

Pancreatic secretory trypsin inhibitor gene (SPINK1) 1

Autoimmune 1

Pancreas divisum 5

Unknown etiology 2

Necrotizing gallstone pancreatitis 1

Islet mass transplanted

Total islet equivalent (IEQ) 217,255 2539–379,109

IEQ/kg body weight 2926 33.8–5193
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Streptococcus anginosus, Pseudomonas aeruginosa, and
Fusobacterium necrophorum. Additional microorganisms,
which were not present in contaminated preservation media,
including Enterobacter cloacae, Klebsiella oxytoca, Candida
tropicalis, and Candida albicans, were identified in the final
islet preparation in 4/28 (14%) cases.

Endotoxin was negative in all cases, regardless of the pres-
ence or absence of microbial contamination.

Infectious Complications after TPIAT

Microbial contamination was detected in at least one surveil-
lance culture in 13 out of 28 (46%) patients and both surveil-
lance cultures in 9 out of 28 (32%). Two patients had micro-
bial growth in preservation solution only and another two only
in the final islet product.

Initially, we assessed the incidence of infectious complica-
tions after TPIAT in our first 22 consecutive patients who
received antibiotic prophylaxis for up to 24 h during and after
the surgery as described in BMethods.^ Both preservation so-
lution and final islet product were contaminated in 5 of those
22 (23%) individuals (Fig. 2). Three of those five patients
(60%) developed infectious complications: fever of unknown
origin and possibly aspiration pneumonia, wound infection,
and sepsis with bowel perforation. One in two (50%) patients
with contaminated final islet preparation presented with fever
and in-hospital wound infection. One patient with contaminat-
ed preservation solution developed a superficial surgical site
infection after discharge from the hospital, but did not require
readmission.

Six out of 14 (43%) patients with sterile both preservation
media and islet surveillance cultures developed infections.
Three of those 6 patients experienced bacteremia/fungemia
due to the peripherally inserted central catheter (PICC line)
for vascular access some time prior to surgery, including one
patient with an additional surgical site infection. The blood
cultures drawn from those catheters were positive for

contamination. There were two cases of catheter-associated
urinary tract infections (CAUTI) and one surgical site infec-
tion (Fig. 3).

Overall, when the final islet product was found to be con-
taminated, 4 out of 7 (57%) patients developed infectious
complications. When both surveillance cultures were sterile,
6 out of 14 (43%) patients were diagnosed with various infec-
tions. However, when we excluded 3 patients with infectious
complications due to PICC lines that preceded surgery, the
infection rate was instead 3 out of 11, so 27%. Although, the
difference was not statistically significant, we considered it
clinically significant enough to prolong antibiotic prophylaxis
up to 7 days in subsequent patients with positive final islet
product cultures. Since then, 6 TPIATs were performed with
the new prophylaxis scheme implemented in 4 out of those 6
patients who had contaminated islets. Upon detection of mi-
crobial contamination via the Gram stain or when preliminary
cultures were positive, these patients received a broad-
spectrum antibiotic until microbial susceptibility profiles
guided narrowed therapy. In contrast to the high incidence of
infections (57%), when antibiotic prophylaxis was applied for
only 24 h postoperatively, none of the patients receiving 7 days
of prophylaxis experienced IC (Table 3). The remaining 2 out
of 6 patients had both surveillance cultures sterile and received
standard 24-h prophylaxis.

In most cases, blood and urine cultures taken upon the
suspicion of infection were negative and the diagnosis was
solely based on clinical symptoms. In a case of a patient
with infectious complications and multiple positive cul-
tures, all pathogens isolated were discordant with patho-
gens found in pancreas preservation fluid and final islet
product. Of note, one patient, who in addition to have both
surveillance cultures positive and had poorly controlled
diabetes prior to surgery (HbA1c 9.6), developed severe
sepsis, which lead to multi-organ failure with bowel perfo-
ration despite intensive treatment. All three additional pa-
tients, who were prediabetic prior to surgery (HbA1c
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between 6 and 6.5), had at least one contaminated islet
culture and developed infectious complications despite
standard perioperative antibiotic prophylaxis.

Analysis of patients’ baseline characteristics revealed
three major statistically significant differences. Patients with
positive final islet product cultures had longer chronic pan-
creatitis duration than those with sterile islet cultures, which
was 14.54 ± 10.32 vs 7.88 ± 8.26 years (p = 0.04), respec-
tively (Table 2). Patients with a history of at least three stent
placements or at least five ERCPs (endoscopic retrograde
cholangiopancreatography) were more likely to have con-
taminated islets (p = 0.003 and p = 0.02, respectively), but

the timing of the endoscopic procedure did not influence
the outcome.

Also, patients with a diagnosis of a hereditary or familial
pancreatitis more often had positive final islet product culture,
most likely as a result of a longer disease duration compared to
those with other etiologic risk factors (p = 0.005).

Metabolic Outcomes

Twenty-eight patients were evaluated 75 days after TPIAT
and 21 of them at 1 year. Four patients (14%), who required
insulin support prior to the TPIAT remained insulin

0 1 2 3 4 5

surgical site infection

iv line infection

fever of unknown origin

CAUTI

aspiration pneumonia

Fig. 3 Prevalence of various
types of infections post-TPIAT

Culture results n=22

pancreas preserva�on fluid 
(PF)

islet final product (Islet)

posi�ve cultures n=8
PF + and/or Islet +

PF + Islet +
n=5

n=3/5 (60%)

fever, aspira�on pneumonia
fever

sep�c shock, bowel perfora�on, wound 
infec�on and dehiscence

n=4/7 (57%)

n=11/22 (50%)

PF - Islet +
n=2

n=1/2 (50%)

fever, early wound infec�on

PF + Islet -
n=1

n=1/1 (100%)

late wound infec�on

nega�ve cultures n=14
PF - Islet  -

n=6/14
2 x UTI (stent/ureter injury)

1 x wound infec�on
1 x bacteremia (PICC line) + wound infec�on

2 x bacteremia, fungemia (preop long term PICC 
line)

n=6/14 (43%)

n=3/14 (21%)*
*a�er the exclusion of PICC lines 
already infected upon admission

Fig. 2 Flowchart of the infectious outcomes with reference to the surveillance cultures in a group of 22 patients before the implementation of a new
prolonged perioperative antibiotic prophylaxis
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dependent after the surgery. Two of those patients had con-
taminated final islet preparation and three of them displayed
partial islet function with detectable serum c-peptide with
median HbA1c 7.5 (7.3–10.2) at 1 year.

One year post-TPIAT, 14 out of 18 remaining patients
(78%) had well-controlled blood glucose. Ten (56%) were
off insulin with HbA1c of 6 ± 0.43 and an additional 4
patients (22%) with HbA1c < 6.3 required a low dose of
insulin support. The remaining 4 individuals (22%) had
inadequate glucose control despite insulin supplementation
(HbA1c > 7). We did not observe a statistically significant
difference in the insulin independence rates on day 75 post-
TPIAT in patients with and without final islet product con-
tamination. However, 1 year after surgery, only 1 out of 7
patients (14%) who received contaminated final islet prep-
aration was off insulin, while 9 in 14 (64%) patients with-
out final islet product contamination did not require any
insulin support (p = 0.06). The median HbA1c did not differ
significantly between those two groups of patients 75 days
and 1 year after the procedure. The difference in the total
islet yield and the number of transplanted IEQ/kg between
patients with and without contamination was not statistically
significant (Table 2). However, the total number of IEQ and
IEQ/kg was significantly higher in patients who did not
require insulin support when compared to those needing
insulin 1 year post-TPIAT (264,757 ± 64,697 vs. 146,046

± 76,716 with p = 0.005 and 3995 ± 1056 vs. 2032 ± 1346
with p = 0.002, respectively).

Discussion

This study aimed to assess the incidence and severity of
infectious complications after TPIAT and their association
with microbial contamination of pancreas preservation me-
dia and/or final islet product. Over one-third of surveillance
cultures from pancreas processing grew bacterial strains in-
cluding those often found in clean-contaminated procedures
and typical skin and gastrointestinal flora such as streptococ-
ci, staphylococci, and with the predominant Gram-negative
bacilli and enterococci.

Pathogens isolated from both preservation solution and
final islet product in our study were similar to those reported
by others, including species often identified from surgical
site infections after gastroduodenal procedures, i.e., Gram-
positive cocci or/and Gram-negative bacilli. Bacteria present
in our final islet products also mirrored those found by
Schneider et al. in biofilm covering pancreatic duct stents.8

This finding is of clinical importance due to the known
impact of bacterial colonization on patient outcomes. Hill
et al. reported a significant association between bacterial
colonization and stent time in situ.9 Kozarek et al. reported
a significant contamination of the pancreatic ductal system

Table 2 Demographic and clinical characteristics of patients with negative versus positive sterility cultures of final islet product

Variable Negative final islet product culture (n = 17) Positive final islet product culture (n = 11) p

Age at TPIAT, year 41 (9–60) 36 (15–51) 0.46

Sex M/F 7/10 3/8 0.69

BMI at TPIAT, kg/m2 25.7 (18.8–38.8) 26.4 (18.2–38.7) 0.55

Duration of diagnosed pancreatitis, year 5 (1–31) 15 (3–39) 0.04

Genetic mutation 7/17 (41%) 10/11 (91%) 0.02

Number of previous ERCPs ≥ 5 2/17 (12%) 8/11 (73%) 0.003

Number of previous stents ≥ 3 1/17 (6%) 5/11 (45%) 0.02

Stent placement or surgical interventions within
1 year before TPIAT

5/17 (29%) 7/11 (64%) 0.12

Number of previous surgical interventions 3/17 (18%) 1/11 (9%) 1.0

Islet mass transplanted

Total islet equivalent (IEQ) 235,835 (2539–379,109) 152,202 (52,926–306,194) 0.12

IEQ/kg body weight 3496 (34–5193) 1512 (680–4502) 0.15

ICU length of stay 4 (3–15) 5 (2–13) 0.33

Total hospital length of stay 8 (6–21) 10 (6–68) 0.4

Endotoxin in final product, EU/kg 0.4 (0.2–1.4) 0.3 (0.2–0.5) 0.49

Insulin independence on day 75 (n = 28) 4/17 (23.5%) 1/11 (10%) 0.62

Insulin independence at 1 year (n = 21) 9/14 (64.3%) 1/7 (14.3%) 0.06

HbA1c on day 75 (n = 28) 6.2 (4.8–9.3) 6.5 (5.8–12.4) 0.14

HbA1c at 1 year (n = 21) 6.25 (5.3–12.9) 7.3 (5.5–10.9) 0.49
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by enteric flora in all patients with pancreatic stents, al-
though antibiotic prophylaxis was used with every stent
placement.10 We found islet contamination to be associated
not only with the number of stents placed, but also with the
number of ERCPs irrespective of pancreatic duct stent place-
ment. This could help to explain the observed correlation
between disease duration and contamination of the final islet
product.

The rates of pancreas preservation solution contamina-
tion observed in our study are similar to those previously
reported (ranging from 32 to 89% in cultures from prod-
uct during processing and 0 to 64% in cultures from prod-
uct post-processing) (Supplementary Table 1).4, 11–16

Contamination rates of the final islet product in islet
autotransplantation are much higher than reported in allo-
transplantation (ranging from 0 to 9.4%) (Supplementary
Table 1).11, 16–23 This discrepancy suggests that contami-
nation of the final auto-islet product may result from col-
onization of the pancreatic ductal system due to obstruc-
tion, frequent instrumentation, and/or chronic stenting. In
allotransplantation, even if preservation fluid surrounding
pancreas is contaminated during the procurement, the islet
isolation procedure usually provides clearance and the fi-
nal product is usually pathogen free. Unlike in the previ-
ously published studies, islet processing did not decrease
the rates of contamination observed in our patients. In
addition, we observed two cases with contaminated final
islet product culture and sterile preservation solution,
which strongly supports the hypothesis of microbial
seeding of the pancreatic duct and surrounding internal
pancreatic tissue prior to resection, with normal flora of
the gastrointestinal tract. Indeed, the isolation of such flo-
ra from these patients provides further evidence. Seeding
of gastrointestinal flora may also have occurred in an ad-
ditional four cases, when a new additional microorganism
typical for gastrointestinal microbiota was found in the
final islet preparation but was not present in the preserva-
tion media. This de novo contamination probably resulted
from the release of pathogens residing deep within the
pancreatic ductal system and tissue and not from external
contamination. Notably, endotoxin test was negative in all
final product samples and therefore not useful for
d is t inguish ing between contaminated and non-
contaminated islet products.15, 20, 21

Infectious complications were common, especially in
TPIAT patients that experienced a long duration of chronic
pancreatitis. Our overall infection rate of 50% was compa-
rable to that of 48% in a group of 83 children reported by
Berger et al.4 Surgical site infections were found by various
authors to be the most common infectious complications
post-TPIAT, followed by fevers of unknown origin, and uri-
nary tract infections.3, 4 A similar spectrum of infection
complications were identified in our study.

In contrast to the preservation solution, contamination of the
final islet product culture seemed to be of clinical importance
which was further supported by the clear clinical improvement
and lack of infectious complications of four patients, who re-
ceived contaminated final islet product after the implmantation
of a 7-day antibiotic prophylaxis regime (Table 3), and it
corresponded with the duration of chronic pancreatitis. Due to
the limited number of patients, we observed only a trend be-
tween the incidence of infection and insulin independence at
1 year post-TPIAT. Interestingly, we found no concordance
between pathogens isolated from the pancreas and those found
at the infection site. Some authors have reported cases of post-
TPIAT infections with causative pathogens concordant with
those present in the final islet product (Supplementary
Table 2).4, 12–14, 17 However, no genotyping of bacterial strains
was performed in any of these studies, and the assumed con-
cordance could have been coincidence, when in fact two dif-
ferent bacterial strains of the same species were isolated from
the patient and sterility culture. A study of 251 patients by
Colling and colleagues found that the presence of bacteria in
the final islet preparation did not increase the likelihood of
postoperative infection compared with those patients with neg-
ative islet cultures.14 When contaminated islets were
transplanted, the rate of postoperative infections was reported
to be higher in autotransplantation than in allotransplantation.
We hypothesize that colonization of the pancreatic ductal sys-
tem leading to positive post-processing surveillance culture
might be a surrogate marker for higher susceptibility to infec-
tion, which could be due to altered immunity resulting from
preoperative chronic inflammation, more advanced pancreatic
disease, malnutrition, diabetes, and chronic opioid usage.
Exocrine insufficiency in chronic pancreatitis leads to
maldigestion and malabsorption, which can result in nutrition
deficiencies that may impair immunity and increase the risk of
infections.24, 25 We found the difference in the islet yield and
insulin independence rates between patients with and without
microbial contamination in the final islet preparation of border-
line significance. Other authors have observed a significantly
lower islet yield4, 14 and worse metabolic outcomes when the
final islet product culture was contaminated.15 We believe that
this may help account for the association between the presence
of microorganisms in final islet product and the severity of
chronic pancreatitis upon TPIAT. The discrepancy in the rate
of symptomatic infections after allotransplantation and
autotransplantation of contaminated islets could have resulted
from the difference in the invasiveness of the procedure or
resulted from different antibiotic prophylaxis applied.

According to clinical practice guidelines for antimicrobial
prophylaxis in surgery developed jointly by the American
Society of Health-System Pharmacists (ASHP), the
Infectious Diseases Society of America (IDSA), the
Surgical Infection Society (SIS), and the Society for
Healthcare Epidemiology of America (SHEA), the
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postoperative course of antibiotics should only involve either
a single dose of antibiotic or a duration be continued for less
than 24 h in order to minimize adverse effects including
these secondary to dysbiosis, the development of resistance,
and costs.26 It is generally acknowledged that positive sur-
veillance cultures do not translate into infectious complica-
tions of major clinical significance after TPIAT. Currently,
there are no evidence-based recommendations on the type
and length of antimicrobial prophylaxis in patients undergo-
ing TPIAT due to insufficient data. In our study, a standard
24-h antibiotic prophylaxis appeared to have limited efficacy
for preventing infectious complications in patients that re-
ceived a contaminated final islet product. Based upon an
analysis of the clinical course and postoperative infectious
complication of our first 22 patients, we decided to extend
the antimicrobial prophylaxis from 24 h to 7 days for sub-
sequent patients receiving contaminated final islet product.
This strategy has been successfully applied to the treatment
of pediatric and adult TPIAT patients4, 14 and has dramati-
cally reduced the incidence of infectious complications in
our small cohort of patients. The reported postoperative in-
fection rate due to infusion of bacteria and/or fungi directly
into the portal system was 39% when a standard 24-h anti-
biotic prophylaxis was used,12 57.1% when antibiotics were
administered for 3 days,13 and 15–36% when extended 7-
day prophylaxis was applied.4, 14 The appropriate duration
of antibiotic treatment in the setting of TPAIT with contam-
inated islet preparation remains to be determined.

Major limitations of our study include the highly specific
strategies for patient clinical management, islet isolation, and
transplantation, which may differ from practices employed at
other institutions, and the nature of results, which are retro-
spective and derived from a single center. The number of
patients included in our study was limited and therefore
reduced statistical power and the strength of associations.
Regardless, we identified results of potential clinical impor-
tance that may lead to improved treatment strategies. The
granularity gained from a single center with low volumes
may be used as a guide for centers interested in starting their
own program.

In aggregate, our observations and the analysis of the
published data lead to the conclusion that patient-related risk
factors, rather than direct contamination of islet preparation,
most strongly predicts the development of infectious com-
plications after TPIAT. Nevertheless, the presence of mi-
crobes in the final islet preparation appears to be a surrogate
marker for the impact of chronic pancreatitis on patient im-
munity and warrants closer attention to the patient’s general
condition. This is also an argument in favor of earlier refer-
ral for TPIAT instead of prolonged non-operative and espe-
cially endoscopic therapy, which has limited pain relief effi-
cacy in patients with small duct disease or without evident
pancreatic duct stricture.

Acknowledgments We would like to thank the European Society for
Organ Transplantation, which supported the training for Justyna
Gołębiewska with ESOT Study Scholarship 2017. Martin Tibudan was
supported by the University of Chicago Diabetes Research and Training
Center, US Public Health Service Grant P30DK020595.

Author Contributions Each author has participated sufficiently in the
work to take public responsibility for appropriate portions of the content
as per the guidelines of the International Committee of Medical Journal
Editors.

Funding Justyna Gołębiewska received the ESOT Study Scholarship
from the European Society for Organ Transplantation, Martin Tibudan
was partially supported by the University of Chicago Diabetes Research
and Training Center, US Public Health Service Grant P30DK020595.

Compliance with Ethical Standards

The study was approved by the University of Chicago Institutional
Review Board. All participants provided written informed consent.

Conflict of Interest The authors declare that they have no conflict of
interest.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Okano K, Hirao T, Unno M, Fujii T, Yoshitomi H, Suzuki S, Satoi
S, Takahashi S, Kainuma O, Suzuki Y. Postoperative infectious
complications after pancreatic resection. Br J Surg. 2015;102:
1551–60.

2. Fisher AV, Sutton JM, Wilson GC, Hanseman DJ, Abbott DE,
Smith MT, Schmulewitz N, Choe KA, Wang J, Sussman JJ,
Ahmad SA. High readmission rates after surgery for chronic pan-
creatitis. Surgery.2014;156:787–94.

3. Shahbazov R, Naziruddin B, Yadav K, Saracino G, Yoshimatsu G,
Kanak MA, Beecherl E, Kim PT, Levy MF. Risk factors for early
readmission after total pancreatectomy and islet auto transplanta-
tion. HPB (Oxford). 2018;20:166–174.

4. Berger MG, Majumder K, Hodges JS, Bellin MD, Schwarzenberg
SJ, Gupta S, Dunn TB, Beilman GJ, Pruett TL, Freeman ML,
Wilhelm JJ, Sutherland DE, Chinnakotla S. Microbial contamina-
tion of transplant solutions during pancreatic islet autotransplants is
not associated with clinical infection in a pediatric population.
Pancreatology. 2016;16:555–62.

5. Witkowski P, Savari O, Matthews JB. Islet autotransplantation and
total pancreatectomy. Adv Surg 2014;48:223–33.

6. Savari O, Golab K,Wang LJ, Schenck L, Grose R,TibudanM, et al.
Preservation of beta cell function after pancreatic islet
autotransplantation: University of Chicago experience. Am Surg
2015;81:421–7.

7. Vantyghem MC, Raverdy V, Balavoine AS et al. Continuous glu-
cose monitoring after islet transplantation in type 1 diabetes: an
excellent graft function (β-score greater than 7) Is required to ab-
rogate hyperglycemia, whereas a minimal function is necessary to
suppress severe hypoglycemia (β-score greater than 3). J Clin
Endocrinol Metab. 2012;97:E2078–83.

8. Schneider J, Schenk P, Obermeier A, Fremd J, Feihl S, Forkl S,
Wantia N, Römmler F, Neu B, Bajbouj M, von Delius S, Schmid

J Gastrointest Surg (2019) 23:2201–2210 2209



RM, Algül H, Weber A. Microbial colonization of pancreatic duct
stents: a prospective analysis. Pancreas. 2015;44:786–90.

9. Hill SK, Bhalla C, Thomson A. Risk of bacterial colonization of
p a n c r e a t i c s t e n t s u s e d i n e ndo s c op i c r e t r o g r a d e
cholangiopancreatography. J Clin Gastroenterol. 2012;46:324–7.

10. Kozarek R, Hovde O, Attia F, France R. Do pancreatic duct stents
cause or prevent pancreatic sepsis?. Gastrointest Endosc. 2003;58:
505–9.

11. Carroll PB, Ricordi C, Fontes P, Rilo HR, Phipps J, Tzakis AG,
Fung JJ, Starzl TE. Microbiologic surveillance as part of human
islet transplantation: results of the first 26 patients. Transplant
Proc. 1992;24:2798–9.

12. Wray CJ, Ahmad SA, Lowy AM, D'Alessio DA, Gelrud A, Choe
KA, Soldano DA, Matthews JB, Rodriguez-Rilo HL. Clinical sig-
nificance of bacterial cultures from 28 autologous islet cell trans-
plant solutions. Pancreatology. 2005;5:562–9.

13. Johnson CN,Morgan KA, Owczarski SM,WangH, Fried J, Adams
DB. Autotransplantation of culture-positive islet product: is dirty
always bad?. HPB (Oxford). 2014;16:665–9.

14. Colling KP, Blondet JJ, Balamurugan AN, Wilhelm JJ, Dunn T,
Pruett TL, Sutherland DE, Chinnakotla S, Bellin M, Beilman GJ.
Positive sterility cultures of transplant solutions during pancreatic
islet autotransplantation are associated infrequently with clinical
infection. Surg Infect (Larchmt). 2015;16:115–23.

15. Jolissaint JS, Langman LW, DeBolt CL, Tatum JA, Martin AN,
Wang AY, Strand DS, Zaydfudim VM, Adams RB, Brayman KL.
The impact of bacterial colonization on graft success after total
pancreatectomy with autologous islet transplantation: consider-
ations for early definitive surgical intervention. Clin Transplant.
2016;30:1473–1479.

16. Meier RPH, Andrey DO, Sun P, Niclauss N, Bédat B, Demuylder-
Mischler S, Borot S, Benhamou PY, Wojtusciszyn A, Buron F,
Pernin N, Muller YD, Bosco D, van Delden C, Berney T.
Pancreas preservation fluid microbial contamination is associated
with poor islet isolation outcomes - a multi-centre cohort study.
Transpl Int. 2018;31:917–929.

17. Taylor GD, Kirkland T, Lakey J, Rajotte R, Warnock GL.
Bacteremia due to transplantation of contaminated cryopreserved
pancreatic islets. Cell Transplant. 1994;3:103–6.

18. Lakey JR, Rajotte RV, Warnock GL. Microbial surveillance of hu-
man islet isolation, in vitro culture, and cryopreservation. Clin
Invest Med. 1995;18:168–76.

19. Bucher P, Oberholzer J, Bosco D, Mathe Z, Toso C, Bühler LH,
Berney T, Morel P. Microbial surveillance during human pancreatic
islet isolation. Transpl Int. 2005;18:584–9.

20. Kin T, Rosichuk S, Shapiro AM, Lakey JR. Detection of microbial
contamination during human islet isolation. Cell Transplant.
2007;16:9–13.

21. Gala-Lopez B, Kin T, O'GormanD, Pepper AR, Senior P, HumarA,
Shapiro AM. Microbial contamination of clinical islet transplant
preparations is associated with very low risk of infection.
Diabetes Technol Ther. 2013;15:323–7.

22. Murray L, McGowan N, Fleming J, Bailey L. Use of the BacT/alert
system for rapid detection of microbial contamination in a pilot
study using pancreatic islet cell products. J Clin Microbiol.
2014;52:3769–71.

23. Qi M, Omori K, Mullen Y, McFadden B, Valiente L, Juan J, Bilbao
S, Tegtmeier BR, Dafoe D, Kandeel F, Al-Abdullah IH.
Prophylactically Decontaminating Human Islet Product for Safe
Clinical Application: Effective and Potent Method. Transplant
Direct. 2016;2:e63.

24. Afghani E, Sinha A, Singh VK. An overview of the diagnosis and
management of nutrition in chronic pancreatitis. Nutr Clin Pract.
2014;29:295–311.

25. Bresnahan KA, Tanumihardjo SA. Undernutrition, the acute phase
response to infection, and its effects on micronutrient status indica-
tors. Adv Nutr. 2014;5:702–11

26. Bratzler DW, Dellinger EP, Olsen KM et al. Clinical practice guide-
lines for antimicrobial prophylaxis in surgery. Am J Health-Syst
Pharm. 2013;70:195–283.

J Gastrointest Surg (2019) 23:2201–22102210


	Early Infectious Complications After Total Pancreatectomy with Islet Autotransplantation: a Single Center Experience
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Patients
	Definition of Infection
	Surgical Technique: Islet Isolation
	Microbiological Sampling and Analysis
	Metabolic Evaluation
	Statistical Analysis

	Results
	Patients
	Microbiological Contamination of Preservation Media
	Microbiological Contamination of Final Islet Products
	Infectious Complications after TPIAT
	Metabolic Outcomes

	Discussion
	References




