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Abstract
Purpose Total pancreatectomy (TP) eliminates the risk and morbidity of pancreatic leak after pancreaticoduodenectomy (PD).
However, TP is a more extensive procedure with guaranteed endocrine and exocrine insufficiency. Previous studies conflict on
the net benefit of TP.
Methodology A comparison of patients undergoing non-emergent, curative-intent TP or PD for pancreatic neoplasia using the
National Surgical Quality Improvement Project data from 2005–2011 was done. Main outcome measures were mortality and
major and minor morbidities.
Results Of the 6,314 (97 %) who underwent PD and the 198 (3 %) who underwent TP, malignancy was present in 84 % of
patients. The two groups were comparable at baseline. Mortality was higher after TP (6.1%) than DP (3.1%), p =0.02. Adjusting
for differences on multivariable analysis, TP carried increased mortality (OR 2.64, 95 % CI 1.3–5.2, p =0.005). TP was also
associated with increased rates of major morbidity (38 vs. 30%, p =0.02) and blood transfusion (16 vs. 10%, p =0.01). Infectious
and septic complications occurred equally in both groups.
Conclusion The morbidity of a pancreatic fistula can be eliminated by TP. However, based on our findings, TP is associated with
increased major morbidity and mortality. TP cannot be routinely recommended for to reduce perioperative morbidity when
pancreaticoduodenectomy is an appropriate surgical option.
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Introduction

For pancreatic adenocarcinoma, pancreaticoduodenectomy
(PD) remains the most common surgery. While total
pancreatectomy (TP) is an option, in the modern era, TP is
usually only performed for the treatment of multifocal disease
such as multifocal neuro-endocrine tumors and intraductal

papillary neoplasm. Per a major surgical text, “Another
indication for TP [for head carcinoma] is the presence of an
atrophic, soft, friable pancreatic remnant that does not hold
sutures.”1 The argument supposes that the elimination of high-
risk pancreatic anastomoses significantly improves morbidity,
out-weighing any short-term morbidity or long-term
endocrinopathy resulting from TP.2,3 Theoretically,
elimination of this anastomosis by performing TP could
reduce perioperative morbidity. Previous studies comparing
the perioperative outcomes of PD and TP have conflicting
results.

Historically, disappointment with oncologic results of PD
for carcinoma enticed surgeons to attempt more extensive
operations. However, studies of TP for pancreatic neoplasms
failed to demonstrate improved benefit over less aggressive
resections. Indeed in 1995, Yeo and associates4 demonstrated
similar median survival for patients who had TP compared to
PD (10 vs. 16 months). Likewise, researchers at Memorial
Sloan-Kettering Cancer Center have shown that patients with
TP had a significantly lower overall survival compared with a
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contemporary cohort of patients who underwent PD and distal
pancreatectomy.5 There is no proven oncologic benefit for
routine TP over PD, though specific clinical situations may
be exceptions.

Advocates of TP to reduce morbidity rely on studies
showing that “perioperative …outcome are comparable to
standard pancreatic resections.”1 Early attempts with TP were
fraught with complications, including mortality rates up to
20 %.6 Modern reports demonstrating more acceptable
morbidity and mortality combined with better insulin and
pancreatic enzyme preparations have reinvigorated interest
in TP. Two single-institution studies show similar
perioperative outcomes for TP vs. PD.2,3 Several other studies
have shown increased morbidity, mortality, or both.6–9 The
conflicting evidence is confounded by the sample sizes,
populations, and designs of these studies.

To compare perioperative morbidity between patients
undergoing TP and PD, we examined nationwide,
prospective, clinical data. We have attempted to improve on
previous studies by limiting analysis to a relatively
homogenous group of patients and employing a large
outcomes database.

Materials and Methods

Data Source and Inclusion Criteria

Our observational study used the National Surgical Quality
Improvement Project (NSQIP) data from 2005–2011. The
NSQIP database is a surgical outcomes research tool of the
American College of Surgeons (ACS). On randomly selected
surgical patients, the ACS NSQIP collects pre-operative co-
morbidities, intraoperative variables, and 30-day post-
operative outcomes. Specially trained nurses record the data
which are audited semi-annually. The database is de-
identified, and therefore, this study was exempt from the
Institutional Review Board process.

ACS NSQIP and the hospitals participating in the ACS
NSQIP are the source of the data used herein; they have not
verified and are not responsible for the statistical validity of
the data analysis or the conclusions derived by the authors.

All patients who underwent PD or TP were identified by
the Current Procedural Terminology codes 48150–48155.
Patients with concurrent islet cell transplantation were not
eligible. All NSQIP variables with procedure codes were
examined, including primary, concurrent, and other procedure
fields. We excluded cases that were emergent or where
disseminated cancer was found. Only patients with a post-
operative diagnosis of pancreatic neoplasms were included,
international classification of diseases (ICD-9) codes: 221.5
−211.9, 239, 239.5, 239.7, 239.8, 239.89, 235, 235.5, and
157–157.9. Patients with the post-operative diagnosis codes

157–157.9 carried the diagnosis of malignancy, while others
were considered benign pancreatic neoplasia. Patients
undergoing PD was compared those undergoing TP.

Data and Outcomes

We examined demographic data, diagnosis, and the following
co-morbidities as potential confounders: (1) diabetes, (2)
cardiac disease (hypertension, angina, previous myocardial
infarction, cardiac angioplasty, or bypass surgery), (3) active
pulmonary disease (pneumonia and severe chronic obstructive
pulmonary disease (COPD)), (4) chemo- or radiotherapy
within 30 days of surgery, and (5) weight loss.

The primary outcome was mortality at 30 days. Nurse
reviewers conduct thorough follow-up to assess outcomes;
follow-up is not limited by inpatient or outpatient status. The
secondary outcome was morbidity, major and minor. We
defined major morbidity as: re-intubation, prolonged
intubation, pneumonia, cardiac arrest, myocardial infarction,
renal failure requiring dialysis, deep or organ space infections,
pulmonary embolus, the need for perioperative transfusion,
sepsis, shock, stroke, or coma. We defined minor morbidity as
urinary tract or superficial wound infections, deep vein
thrombosis, or creatinine elevated >2 mg/dl above baseline
without the need for dialysis.13

Statistical Analysis

Mean and median values were used to describe continuous
data. Discrete variables were displayed as frequencies. For
bivariable analyses, two-tailed t tests and Mann–Whitney U
tests were used to compare continuous data, while Fisher’s
exact or chi-squared tests were used for categorical variables.

For our multivariable regression, we derived separate
logistic regression models for the effect of TP on mortality
and overall, major, and minor morbidities. A priori, age and
ASA class >2 were included as co-variables due to the known
association with morbidity and mortality. Additional co-
variables were chosen using stepwise selection to include
variables with a p <0.1. This model was checked against a
model comprised of variables with (1) perceived importance
or (2) association to the outcome on simple logistic regression.
The models were compared using the likelihood ratio test and
the Akaike information criteria. In each instance, the stepwise
selection of variables returned a superior and more efficient
regression model. The Hosmer–Lemeshow test was used to
check goodness-of-fit. To check our models, bi-variable
analysis was used to assess pre-operative variables as possible
confounders. Neither diagnosis nor other pre-operative
variables, other than those already included in the regression
models, were associated with the outcomes. Statistical
analyses were performed using Stata version 12 (College
Station, TX).
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Results

Population Characteristics

Of the 10,633 eligible pancreatectomies, we excluded 106
(1%) emergencies and 261 (2.5%) patients with disseminated
cancer. Another 3,754 (37 %) cases with diagnoses other than
neoplasia were excluded. The final populations consisted of 6,
512 patients with non-emergent, curative intent surgery for
pancreatic neoplasia of which 6,314 (97 %) underwent PD
and 198 (3%) underwent TP. Overall the population was 51%
male with a median age of 66 years. Malignancy was the most
common post-operative diagnosis, present in 84% of patients.

Overall, nearly two thirds of patients were independently
functional before surgery. While 25 % of patients had no co-
morbidities, 55% had one or two medical conditions. The two
groups were well matched in pre-operative characteristics.
Active smoking was more common in the TP compared to
the PD group (27 vs. 20 %, p =0.02). Pre-existing diabetes
was more common before TP (35 %) compared to PD (22 %),
p <0.001 (Table 1). The operative time was similar between
groups.

Outcomes

The primary outcome, mortality, occurred in 3 % of patients.
Mortality was significantly higher (6.1 vs. 3.1 %, p <0.02)
after TP (Table 2). In this population, we found preoperative
alcohol or steroid use, COPD, hypertension, coronary artery
disease, peripheral vascular disease, diabetes, ASA class >2,
and perioperative transfusion of ≥2 RBCs predictive of
mortality on regression. Even after adjusting for these co-
variables on multivariable analysis, TP was associated with
an odds ratio (OR) of 2.64 for mortality, p =0.005 when
compared to PD alone (Table 3).

Overall morbidity was similar for the TP and PD groups
(44 vs. 39 %, respectively, p =0.09). The rate of major
morbidity was significantly higher in the TP group (38 vs.
30 %, p =0.01) (Table 2). Except for preoperative alcohol use,
the same co-variables mentioned above for mortality were
statistically associated with major morbidity and included in
the multivariable regression. In this adjusted model, TP was
still associated with an increased odds of major morbidity (OR
1.52, p =0.01) (Table 3).

Analyzed individually, the rates of specific morbidities
were not significantly different after TP, compared to PD
(Table 2). Surgical site infections, including organ-space
infections or intra-abdominal abscesses, were not statistically
higher after PD than TP (19 vs. 15 %, p =0.1). More patients
required transfusion of at least 2 units of red cells after TP,
compared to PD (16 vs. 10 %, p =0.01). Slightly higher rates
of shock after TP, though not statistically different, might

explain the increase in transfusion requirements. The hospital
length of stay was 10 days and similar between groups.

Discussion

The most common operation for pancreatic neoplasia is
pancreaticoduodenectomy. The Achilles heel of this operation
is the pancreatic anastomosis, with an incidence of pancreatic
leak ranging from 2–29 %.10 Patients’ risk of post-operative
pancreatic fistula (POPF) can be estimated using a
combination of pre- and intra-operative factors.11 In this study,
88 % of the high risk group had clinically relevant POPF. No
universally accepted intervention has reduced the risk of
POPF, despite countless maneuvers and attempts. Some
pancreatic surgeons advocate total pancreatectomy in high
risk cases to avoid the potential of POPF and subsequent
morbidity. These surgeons usually cite studies demonstrating
equivalent outcomes for TP and PD or partial pancreatectomy.
However, there are similar studies showing worse outcomes
for TP.

The current study is important because of the dataset used.
NSQIP is a unique database, intended and validated for
surgical outcomes research. Other databases, such as SEER,
contain a depth of information on pathology, disease staging,
and long-term outcomes, but are limited on patient
comorbidities and perioperative outcomes. The prospective
and multi-institutional data in NSQIP overcome some of the
biases inherent in single-institution studies. While
administrative data attempt to extract clinical information
from claims data, NSQIP employs trained nurses to gather
clinical data. Though every data source has its limitations, this
NSQIP analysis should add a valuable perspective to the
debate.

Our study suggests that total pancreatectomy is associated
with double the rate of 30-day mortality, 6.1 vs. 3.1 %,
compared to PD. These findings persisted in the multivariable
regression despite adjusting for multiple patient factors and
co-morbidities with a 2.5 higher odds of death. Table 4
contains a summary of other major series examining the
outcomes of TP and PD. Our study data are consistent with
other previously published series on TP and PD. Thirty-day
mortality after TP ranged from 6–9 % for pancreatic tumors in
published series.2,3,12,13 In these studies, mortality after
elective PD ranged from 1.5–6.6 %. The interpretation of
these findings have varied. Muller et al.2 matched 87 TP to
87 PD. Though their mortality rate was almost exactly that of
our study, the difference was not significant. While this was
interpreted as no different, the study was underpowered, with
only a 25 % to power (based on the sample size) to show a
difference despite a two-fold higher mortality in the TP group.
This power calculation was performed using validated
statistical software, PS Power and Sample Size Calculations
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(Version 3.0, January 2009).14 McPhee et al.12 showed a
statistically higher mortality for TP compared to PD, and
distal pancreatectomy. While Reddy et al.3 showed a higher
mortality for TP overall p =0.0007, the trend over time was
decreased mortality for TP. The latest time period in their
analysis showed similar mortality for TP vs. PD (1.9 vs.
1.2 %). However, this period of 2000–2007 included only
53 TP cases. The relatively small number of TPs may make
the mortality estimate less reliable; the demonstrated mortality
rate is not consistent with the nationwide study by McPhee
et al., the other single-institution series by Muller et al., or our

nationwide data. This may reflect characteristics specific to
the institution. Nathan et al.13 acknowledged that their dataset
did not include perioperative mortality and that they used two
surrogate measures of death. The mortality rate of PD in this
study was 6.3 %, much higher than other series. Our study
demonstrates procedure-specific mortality rates consistent
with other series with adequate numbers and power to obtain
statistical difference.

The individual post-operative complications measured by
NSQIP were not substantially different for TP compared to
PD. This is likely due to the small number of events and lack

Table 1 Population description

Patients tranfused ≥2 units of red
blood cells

ASA American Socie ty of
Anesthesiologists

Pancreaticoduodenectomy Total pancreatectomy p value
n=6,314 (97 %) n =198 (3 %)

Age, median years 66 65 <0.0001

Male 3,199 (51) 96 (48) 0.7

Active tobacco use 1,288 (20) 54 (27) 0.02

Alcohol abuse 179 (3) 0 0.4

Functionally independent 4,090 (65) 133 (67) 0.9

Body mass index, median 26 (0) 25 (13) 0.3

Weight loss >10 % in 6 months 1,255 (20) 36 (18) 0.6

Steroid use 118 (2) 5 (3) 0.5

Comorbidities

Prealbumin, g/dL 3.8 3.8 0.2

Chronic pulmonary disease 272 (4) 7 (4) 0.6

Hypertension 3,455 (55) 105 (53) 0.6

Diabetes 1,415 (22) 69 (35) <0.001

Coronary artery disease 690 (11) 17 (9) 0.4

ASA score ≥3 4,446 (70) 138 (70) 0.8

Post-operative diagnosis 0.02

Benign neoplasm 997 (16) 44 (22)

Malignancy 5,317 (84) 154 (78)

Operative time, median minutes 361 376 0.09

Table 2 Postoperative morbidity
Pancreaticoduodenectomy Total pancreatectomy p value
n =6,314 (97 %) n =198 (3 %)

Death 193 (3) 12 (6) 0.02

Any morbidity 2,435 (39) 88 (44) 0.09

Major morbidity 1,898 (30) 76 (38) 0.01

Minor morbidity 986 (16) 31 (16) 0.9

Surgical site infection 1,230 (19) 30 (15) 0.1

Pneumonia 301 (5) 9 (5) 0.9

Reintubation 315 (5) 9 (5) 0.8

Fail to wean 346 (5) 14 (7) 0.3

Thromboembolism 170 (3) 5 (3) 0.9

Transfusion ≥2 red cell units 647 (10) 31 (16) 0.01

Sepsis 630 (10) 26 (13) 0.1

Shock 256 (4) 13 (7) 0.08

Length of stay, median days 10 10 0.6
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of statistical power. The aggregation of severe complications
into “major morbidity” improves the statistical power and did
show worse outcomes for TP compared with PD.

Because individual complications occurred at similar rates
between groups, we cannot explain the clinically and
statistically significant difference in mortality based on any
single outcome. . The difference in rate of red cell transfusion
may have contributed to the increased mortality seen after TP.
In other studies, the primary cause of mortality has been
sepsis, often related to pancreatic leak and intra-abdominal
infections.3 In this study, rates of infection were not
statistically or clinically different. However, this was not the
primary outcome and study only had a 35 % power to detect
the observed 4 % difference in surgical infections. Since our
dataset does not describe cause of death, this question cannot
be answered. There is certainly the possibility that a morbidity
not captured, such as severe hypoglycemia, resulted in the
difference in mortality. However, traditional series do not
describe high rates or severe episodes of post-operative
glycemic-related morbidity. An alternative hypothesis is that
a cascade of complications, not a single event which might be
treatable, drives mortality. It is also possible that the study was
underpowered to detect the morbidity leading to death.

Advances in surgical technique and perioperative care have
improved patient outcomes. Similarly, newer studies on
glycemicmanagement and pancreatic enzyme supplementation
after TP reveal good quality of life and lower than purported
rates of endocrinopathy.15,16 This may allow surgeons to
employ TP when the morbidity may previously have been

prohibitive. This may also explain the resurrection of TP and
increased discussion in the surgical literature. However, our
study suggests that the more extensive procedure, TP, may be
associated with higher mortality and major morbidity. There is
a substantial body of literature that supports the common-sense
idea that more extensive surgery carries higher morbidity, even
in expert hands or high-volume centers. Our group has
demonstrated a two-fold mortality rate and higher morbidity
when resecting other abdominal viscera at the time of PD.17,18

Overall simultaneous colorectal and minor hepatic resections
have similar perioperative outcomes compared to staged
resections. However, colectomies with simultaneous major
hepatectomies increase perioperative morbidity.19–22 These
morbidities may be manageable with critical care support,
advanced anti-microbials, parenteral nutrition, and radiologic
procedures. However, the surgical insult and inflammatory
response remain. The trend in our literature towards evaluating
90-day mortality may be prescient of our ability to abrogate
morbidity or sustain patients who succumb later to the sequel of
peri-operative complications. These data support existing
evidence that more extensive surgery is associated with higher
morbidity.

There are limitations in this study. There is no way to
determine why TP was performed. PD may not have been a
clinically or oncologically appropriate alternative in these
cases. This, however, does not change our findings regarding
the overall morbidity associated with the procedures. The
current configuration of the NSQIP dataset does not provide
assessment of surgery-specific outcomes. As such, we were
not able to ascertain differences in outcomes of certain
common post-PD complications such as pancreatic leak or
delayed gastric emptying. While this might underestimate PD
morbidity in this study, clinically significant pancreatic leaks
generally manifest as organ-space infections (abscess) or
sepsis; these outcomes would be reasonable proxies and are
included in this study. Additionally, hyper- and hypoglycemia
are not captured in NSQIP and so complications due to post-
TP endocrinopathy are unmeasured. However, this does not
change the conclusions of our study as inclusion of these
outcomes would likely worsen outcomes, after TP.

Table 3 Adjusted odds of morbidity after total pancreatectomy

Odds ratio p value 95 % Confidence
interval

Death 2.64 0.005 1.3–5.2

Any morbidity 1.20 0.28 0.9–1.7

Major morbidity 1.52 0.01 1.1–2.1

Minor morbidity 0.95 0.83 0.6–1.4

Table 4 Mortality rates in major
published series of total vs.
proximal pancreatectomy

aNot significant, but not specified
in the study
b For three-way comparison
between total, distal, and proximal
pancreatectomy

Author Year Total pancreatectomy Pancreaticoduodenectomy p value

Schmidt et. al.6 2007 6.1 7.1 n.s.a

Muller et. al.2 2007 6 3 n.s.a

McPhee et. al.12 2007 8.3 6.6 0.0002b

Reddy et. al.3 2009

(all) 1970–2007 8 1.5 0.0007

(modern) 2000–2007 1.9 1.2 0.17

Nathan et. al.13 2009 8.6 6.3 0.09

Simons et. al.8 2009 OR 2.90 (95 % CI 2.22–3.79) Ref p <0.0001

J Gastrointest Surg (2014) 18:549–554 553



Conclusions

The most common operation for neoplasia of the pancreatic
head is pancreaticoduodenectomy. There is controversy
regarding whether or not a total pancreatectomy may improve
perioperative outcomes, in part, by avoiding a pancreatic leak
and sepsis. In this large, prospective, clinical database, total
pancreatectomy for neoplasia was associated with almost twice
the mortality of PD and higher rates of major morbidity. This
may arise from increased operative time, blood loss, the need
for transfusion, or slightly higher rates of shock. While total
pancreatectomy eliminates the possibility of a POPF, based on
our findings, it cannot be routinely recommended for to reduce
perioperative morbidity when pancreaticoduodenectomy is an
appropriate surgical option.
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