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AIM: To investigate outcomes and predictors of in-
hospital morbidity and mortality after total pancrea-
tectomy (TP) and islet autotransplantation.

METHODS: The nationwide inpatient sample (NIS)
database was used to identify patients who under-
went TP and islet autotransplantation (IAT) between
2002-2012 in the United States. Variables of interest
were inherent variables of NIS database which included
demographic data (age, sex, and race), comorbidities
(such as diabetes mellitus, hypertension, and deficiency
anemia), and admission type (elective vs non-
elective). The primary endpoints were mortality and
postoperative complications according to the ICD-9
diagnosis codes which were reported as the second to
25" diagnosis of patients in the database. Risk adjusted
analysis was performed to investigate morbidity
predictors. Multivariate regression analysis was used to
identify predictors of in-hospital morbidity.

RESULTS: We evaluated a total of 923 patients
who underwent IAT after pancreatectomy during
2002-2012. Among them, there were 754 patients
who had TP + IAT. The most common indication of
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surgery was chronic pancreatitis (86%) followed by
acute pancreatitis (12%). The number of patients
undergoing TP + IAT annually significantly increased
during the 11 years of study from 53 cases in 2002
to 155 cases in 2012. Overall mortality and morbidity
of patients were 0% and 57.8 %, respectively. Post-
surgical hypoinsulinemia was reported in 42.3% of
patients, indicating that 57.7% of patients were insulin
independent during hospitalization. Predictors of in-
hospital morbidity were obesity [adjusted odds ratio
(AOR): 3.02, P = 0.01], fluid and electrolyte disorders
(AOR: 2.71, P < 0.01), alcohol abuse (AOR: 2.63, P <
0.01), and weight loss (AOR: 2.43, P < 0.01).

CONCLUSION: TP + IAT is a safe procedure with
no mortality, acceptable morbidity, and achieved high
rate of early insulin independence. Obesity is the most
significant predictor of in-hospital morbidity.

Key words: Total pancreatectomy; Pancreatectomy;
Islet auto transplantation; Chronic pancreatitis; Insulin
independency

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Total pancreatectomy (TP) is the last resort
to control the severe pain in patients with chronic
pancreatitis due to the morbidity of the operation and
the frequent severe resultant diabetes. Islet auto-
transplantation (IAT) following TP is reported, by
well experienced groups, to be an effective therapy
to prevent post-surgical diabetes. However, there is
limited nationwide data analysis during the last few
decades. The objective of this study was to investigate
outcomes and predictors of in-hospital morbidity and
mortality after TP + IAT.
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INTRODUCTION

Chronic pancreatitis (CP) is a progressive inflammation
of the pancreas resulting in irreversible damage of
the pancreas structure and function. CP has a broad
spectrum of symptoms ranging from steatorrhea
and malabsorption to diabetes and abdominal pain‘.
Managing the symptoms is critical in order to provide
optimum treatment. Any uncontrolled symptoms may
hinder the treatment approach, affecting a patient’s
quality of life and activity. Diabetes and malabsorption
can be managed by insulin and oral pancreatic enzyme
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supplements respectively; however, the primary
challenge is pain management'?. Although multiple
factors and mechanisms have been hypothesized
and investigated, the pathogenesis of the pain in CP
remains unknown'. Therapeutic options for the pain
are limited but include extensive surgery, less invasive
endoscopic procedures, and medical management.
Although an aggressive approach, partial or total
pancreatectomy (TP) is on occasion, the only thera-
peutic option that can provide complete relief in
patients with severe pain that could not be alleviated
by other treatments*”.

Although the utilization of pancreatectomy in
patients with CP show positive results in managing
pain, there are various unsolicited complications
associated with the procedure. Exocrine insufficiency
and surgical diabetes have been identified as the most
significant complications. Islet autotransplantation
(IAT) combined with total or partial pancreatectomy
can be effective in preventing or minimizing surgical
diabetes® ', The surgical technique includes TP
and pylorus- and distal-sparing duodenectomy with
orthotopic reconstruction by means of duodenostomy
and choledochoduodenostomy. During TP, the blood
supply to the pancreas should be preserved as long
as possible to lessen the effects of warm ischemia on
the islets. To do so, never separate the distal pancreas
from the splenic vessels. If the splenic vessels are
ligated in the hilum, the spleen may survive on its
collateral vessels, but usually it has to be taken'.

The utilization of IAT following the surgical pro-
cedure of TP was introduced by Sutherland et a**? in
1977. Since then, several centers have followed this
dual procedure in patients with CP!***”), After pancreas
excision, the duodenum and spleen (if attached) were
removed on the back table. Purified enzyme blend
(collagenase) was injected to the pancreatic main duct
to separate islet from pancreatic tissue using modified
Ricordi method. Then, digested pancreatic tissue with
islets were infused into liver through the portal vein®,
Because this dual procedure is surgically quite different
from simple TP, the morbidity rate and related risks
differ. Therefore, the morbidity rate for this procedure
will be higher than simple TP procedure!”***"),

Despite the higher morbidity rate, several studies
have reported that TP + IAT procedure produces
significant pain relief, reduced narcotic dependency,
and decreased life-threatening hypoglycemic episodes.
These benefits support the primary goal of utilizing this
treatment!”**%,

In the last few decades, no nationwide retrospective
analysis of the trends and short term outcomes of TP
+ IAP have been reported. To our knowledge, this is
the first research study to use nationwide inpatient
sample (NIS) database to report the most common
indications, short term outcomes, and predictors of
in-hospital morbidities of patients who underwent
combined TP and IAT in the United States.
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Table 1 Demographics and clinical characteristics of patients who

underwent total pancreatectomy and islet autotransplantation

Variables TP and islet auto-
transplantation
(sample size = 754)
Age Mean + SD (yr) 39+13
Median (yr) 41
Sex Female 513 (68%)
Race White 260/295 (88%)"
Black or African 20/295 (6.7%)"
American
Hispanic 5/295 (1.6%)'
Asian 5/295 (1.6%)'
Other 5/295 (1.6%)'
Comorbidity Diabetes mellitus 202 (26.8%)
Hypertension 188 (25%)
Deficiency anemia 153 (20.4%)
Chronic pulmonary 98 (13.1%)
disease
Drug abuse 88 (11.7%)
Coagulopathy 63 (8.3%)
Alcohol abuse 44 (5.9%)
Obesity 25 (3.3%)
Weight loss 22 (29.13%)
Admission type Elective 660 (87.7%)
Non-elective 93 (12.3%)
Patient diagnosis/ Chronic pancreatitis 648 (86%)
indication of surgery
Acute pancreatitis 90 (12%)
Other diagnosis 15 (2.1%)
Other factors Preoperative fluid and 216 (28.7%)

electrolyte disorders

'Race data are available only for 295 patients from nationwide inpatient
sample database.

MATERIALS AND METHODS

Patients and database

A retrospective analysis of the NIS database from 2002
through 2012 was performed for this study. NIS is the
largest inpatient care database in the United States
maintained by the Agency for Healthcare Research.
It is an annually compiled database containing in-
formation on more than 8 million hospital admissions
each year, which represents 20% of all United
States hospital discharges to calculate population
estimates®”. The informed consent was obtained
from individual patients within the individual hospital’s
patient consent forms by NIS. This study evaluated
patients who underwent IAT and TP according to the
International Classification of Diseases, 9" Revision,
clinical modifications (ICD-9-CM) procedure codes of
52.84 and 52.6 during 2002-2012. We extracted all
the patients who had undergone IAT from database,
then we selected patients who also had TP. Patients’
diagnoses of surgery were extracted using ICD-9-CM
diagnosis codes of 577.1 for CP and 577.0 for acute
pancreatitis (AP).

Variables of interest were inherent variables of NIS
database which included demographic data (age, sex,
and race), comorbidities (such as diabetes mellitus,
hypertension, and deficiency anemia), and admission
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Figure 1 Number of total pancreatectomy and islet autotransplantation
cases by year in United Stated from 2002-2012.

type (elective vs non-elective). The primary endpoints
were mortality and postoperative complications
according to the ICD-9 diagnosis codes which were
reported as the second to 25" diagnosis of patients in
the database. Risk adjusted analysis was performed to
investigate morbidity predictors.

Statistical analysis

Statistical analyses were performed using the Sta-
tistical Package for Social Sciences (SPSS) software,
Version 22 (SPSS Inc., Chicago, IL). The main analysis
was multivariate analysis using logistic regression. The
associations of morbidity with the variable of interest
were examined using a multivariable logistic regression
model. We included all the potential confounder
variables in the model as covariates which were all
variables of the study. The estimated adjusted odds
ratio (AOR) with a 95%(CI was calculated. The level of
significance was set at P < 0.05.

RESULTS

Patient characteristics

We identified 923 patients who underwent IAT during
2002-2012. Among them, there were 754 patients
who had TP and IAT. The mean and median patient
age were 39 = 13 and 41 years old respectively;
the majority of the patients were Caucasian (88%)
and female (68.3%). Overall, 87.7% of patients
were operated electively. The most common
comorbidity was diabetes mellitus (26.8%) followed
by hypertension (25%). Also, 20.4% of patients
had anemia prior the operation. The most common
indication of TP was CP (86%) followed by acute
pancreatitis (12%). The mean hospitalization length of
patients was sixteen days. Demographics and clinical
characteristics of patients are shown in Table 1.

There was a steady increase in number of patients
who underwent TP + IAT during 2002-2012 (Figure
1). The number of patients increased from 53 in 2002
to 155 cases in 2012. Also, the number of procedures
was significantly higher during 2008-2012 compared
to 2002-2007 (667 vs 87, P < 0.01). The overall
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Table 2 Postoperative complications of patients who underwent

total pancreatectomy and islet autotransplantation

Complications Rate
Mortality 0 (0%)
Overall morbidity 435 (57.8%)
Post surgical hypoinsulinemia 318 (42.3%)
Acute renal failure 90 (12%)
Wound infection 63 (8.4%)
Pneumonia 56 (7.4%)
Hemorrhagic complications 50 (6.6%)
Peritoneal abscess 34 (4.5%)
Thrombosis of portal vein 25 (3.3%)
Acute myocardial infarction 15 (2%)
Wound disruption 14 (1.9%)
Acute respiratory failure 10 (1.3%)
Thromboembolic complications 10 (1.3%)

Deep vein thrombosis !

Biliary stricture !

'Too small to report.

mortality and morbidity of patients who underwent TP
+ IAT was 0% and 57.8% respectively (Table 2).

Predictors of morbidity

Post-surgical hypoinsulinemia was reported in 42.3%
of patients, indicating 57.7% of patients were insulin
independent during hospitalization. Also, 8.4% of
patients had wound infections (Table 2).

Risk adjusted analysis of factors associated with
morbidity of patients is reported in Table 3. Patients
with obesity (AOR: 3.02, P < 0.01), preoperative
fluid and electrolyte disorders (AOR: 2.71, P < 0.01),
alcohol abuse (AOR: 2.63, P < 0.01), and weight
loss (AOR: 2.43, P = 0.03) had significantly higher
morbidity risk.

DISCUSSION

CP is associated with severe pain that may cause
serious effects on a patient’s quality of life and activity.
TP has been established as the last resort for patients
with refractory chronic pain. However, many studies
have shown significant improvements in patient
quality of life, as well as reduction of narcotic use®*,
The combination of TP + IAT allows removal of the
entire diseased gland while minimizing the risk of
surgical diabetes. Post-operative narcotic use, insulin
use, and standardized pain assessments have been
reported by several groups, however the data on risks
and morbidities of TP + IAT were limited to single-
institution series. In addition, a large scale analysis of
nationwide patients has not yet been reported” 2%,

This study focuses on morbidity rates and short-
term outcomes of the patients during hospitalization.
The data showed an overall morbidity of 57.8%,
which is consistent with data reported in existing
literature that have shown morbidity in 58%-69%
of patients”?**"1, Despite a high morbidity, the
mortality rate was 0% in patients with TP + IAT when
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Table 3 Risk adjusted analysis of morbidity predictors of

patients who underwent total pancreatectomy and islet
autotransplantation (multivariate analysis)

Variables Adjusted 95%CI Pvalue
odds ratio
Age Age 1.01 1.01-1.02 0.82
Sex Female 1.95 1.30-294 <0.01
Comorbidity =~ Diabetes mellitus 1.06 0.68-1.63 0.78
Hypertension 0.70 0.45-1.08 0.11
Deficiency anemia 0.85 0.57-1.27 0.43
Chronic pulmonary 0.56 0.34-0.91 0.19
disease
Drug abuse 0.55 0.33-0.93 0.27
Coagulopathy 1.24 0.63-2.44 0.52
Alcohol abuse 2.63 1.23-5.63 0.01
Obesity 3.02 1.00-9.11 0.049
Weight loss 243 1.64-360  <0.01
Other factors ~ Preoperative fluid 2.71 1.79-4.09  <0.01

and electrolyte
disorders

compared to other studies where the rate indicated
0%-3.5%"2*?"1, The zero mortality rate can be
explained by the fact that NIS database exclusively
contains patient information only while they are
hospitalized. Therefore, the data for mid-term and
long-term complications are not available in the
NIS. Among comorbid conditions, we found obesity
to have the strongest association with morbidity of
patients who underwent TP + IAT. Obesity alone is a
significant risk factor for many surgical complications
such as wound infection, blood loss, and a longer
operation time®®®. On the other hand, many clinical
studies have shown that obesity may contribute to
recovering more viable islets from pancreas isolation
and achieving better metabolic control when compared
to lean patients who undergo TP + IAT*?%. The
data suggested that physicians should objectively
evaluate both negative and positive effects of obesity
before surgical therapy. In addition, we found fluid
and electrolyte disorders as a second morbidity
predictor, which indicated that the pre-operative care
and reversing fluid and electrolyte status is critical to
minimizing potential post-surgical morbidities.

Patients become insulin dependent after TP due
to the lack of beta-cells. IAT is an effective treatment
preventing surgical diabetes after TP in patient with CP.
Recently, Sutherland et al*® showed that there was
a 30% insulin-independence rate in a single-center
study after long-term follow-up™®, Furthermore, other
clinical studies have shown comparative insulin-free
rates during the last decade™>?"*), In this study, the
data clearly indicates that IAT can achieve more than a
50% insulin-free rate if using combination of TP + IAT.
However, the limitation of this study was that we were
only able to analyze the short-term outcomes during
the hospitalization.

TP + IATs were performed mainly in a limited
amount of medical facilities due to the highly required
equipped facilities and well experienced isolation team.

March 24,2016 | Volume 6 | Issuel |



Fazlalizadeh R et a/. Analysis of total pancreatectomy and islet autotransplantation

However, the total number of patients who underwent
TP + IAT in the United States has been continuously
increasing during the last decade. Considering the
outcomes of no mortality, acceptable morbidity,
and islet graft function during the hospitalization,
this procedure may be applicable for more centers
nationwide.

The main limitation of the study was that it is
retrospective which makes any definitive conclusion
difficult. The number of transplanted patients was
limited in this study; therefore, the power of the study
was too low to run multivariate analysis. Also, 61.4%
of the race variable’s data was missing. NIS does not
provide information regarding long term outcomes
and follow up information of patients; therefore, there
is no available data for quality of life measurement
and narcotic independency status. Despite these
limitations, this study is one of the first studies re-
porting and analyzing outcomes of patients who
underwent TP and IAT with a nationwide database.

Between 2002-2012, the overall number of patients
who underwent TP + IAT has been increasing.

The most common indication of the procedure
was CP followed by AP. This study showed that TP +
IAT is a safe and feasible procedure with no mortality
and with acceptable morbidity rates, and that insulin
independence can be achieved. Obesity and fluid and
electrolyte disorders are the most significant predictors
of in-hospital morbidity.

COMMENTS

Background

Chronic pancreatitis (CP) has a broad spectrum of symptoms and signs
that interferes with patient's daily performance and quality of life. Exocrine
insufficiency and severe pain are the significant manifestations that require
proper management. The standard treatments include medical, endoscopic,
and surgical intervention. Total pancreatectomy (TP) is the last resort treatment
for pain management in CP patients. TP is related with high rate of morbidity
and complications. Post surgical hypoinsulinemia is one of the important TP
complications, which needs a proper intervention. Islet autotransplantation (IAT)
following TP helps to decrease hypoinsulinemia episodes.

Research frontiers

This study is the first TP + IAT nationwide analysis. The authors think that TP
+ |AT must have a nationwide application to provide the best care for patients.
The findings of this study support the fact that utilizing IAT after TP may help
patients to experience less hypoinsulinemia episodes. For evaluating the pain
control measures, studies with long term follow up is needed.

Innovations and breakthroughs

TP + |ATs has been performed mainly in a limited amount of medical facilities
due to the highly required equipped facilities and well experienced isolation
team. But, this is the first nationwide analysis, which evaluates in-hospital
mortality and morbidity. Considering the outcomes of no mortality, acceptable
morbidity, and islet graft function during the hospitalization, this study suggests
that TP + IAT may be applicable for more centers nationwide.

Applications

Patients with advanced stage CP who suffer from pain will benefit from IAT.
Patients with IAT after pancreas removal can achieve insulin independence
status and less pain. These benefits help patients to have better life quality and
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performance in their daily life.

Terminology

CP is progressive inflammatory changes that happens in pancreas gland leads
to physiological and structural damage. This process result in exocrine and
endocrine malfunction. IAT is a procedure to isolate pancreatic islet cells and
transplant these cells into the patient's body. The transplanted islet cells have
physiologic function to secret insulin, which prevents hypoinsulinemia episodes.

Peer-review
Very good result of TP and IAT in patients of chronic pancreatitis on a large
series of retrospective study.
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