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Objective
To review the current status of pancreatoduodenectomy for
pancreatic cancer and chronic pancreatitis using evidence-
based methodology.

Summary Background Data
Despite improved results of pancreatoduodenectomy over the
recent years, the reputation of the Whipple procedure and its
main modifications has remained poor. In addition, the current
status of newer modifications of standard pancreatoduode-
nectomy is still under debate.

Methods
Medline search and manual cross-referencing were per-
formed to identify all relevant articles for classification and
analysis according to their quality of evidence. The search
was limited to articles published between 1990 and 2001.

Results
The mortality rate of pancreatoduodenectomy has declined to
less than 5% for chronic pancreatitis and 3% to 8% for pan-

creatic cancer. In contrast, overall morbidity rates remain
high, ranging between 20% and 70%. Delayed gastric empty-
ing represents almost half of all complications. The overall 5-year
survival rate for patients with pancreatic cancer remains poor,
ranging between 5% and 15%, with a median survival of 13 to
17 months. Mortality and morbidity are not related to the type of
pancreatoduodenectomy; however, patients with pancreatic
cancer tend to be at increased risk for complications. Extended
lymph node dissection and portal vein resection can be per-
formed with similar mortality and morbidity rates as standard
procedures, but without apparent survival benefits in the long
term. Major relief of pain is achieved in 70% to 100% of patients
with chronic pancreatitis.

Conclusions
Pancreatoduodenectomy and its main modifications are safe
and effective treatment modalities, especially in experienced
centers with a high patient volume. For chronic pancreatitis,
surgical resection provides major relief of pain and thus in-
creased quality of life. Overall survival for patients with pancre-
atic cancer is determined predominantly by the pathology
within the resected specimen.

The first successful pancreatoduodenectomies (PDs) were
performed by Walter Kausch1 in 1912 and Allan Whipple2 in
1934. For many decades the procedure was associated with
high morbidity and mortality rates, and thus the reputation of
PD for benign and malignant pancreatic disorders was low
among the medical community.3,4 Surgery produced only min-
imal survival benefits compared to the natural history of pan-
creatic cancer, as almost all patients died within a short period.

As a result, a quite nihilistic approach was used toward pan-
creatic cancer. Over the past two decades different medical and
interventional therapies have replaced surgery as the first treat-
ment option for chronic pancreatitis. However, the results of
PD have gradually improved since the mid-1980s due to better
understanding of pancreatic diseases, improvements in surgical
techniques and perioperative care, and the appearance of high-
volume centers with a large patient load (“centers of excel-
lence”). While the mortality has dramatically decreased to well
below 5%, morbidity rates have remained at 30% to 50%.5

The further technical developments of the standard
Whipple operation during recent years can be divided into
two main types of modifications. In pancreatic cancer, it has
been assumed that a larger resection will prolong survival
(e.g., resection of the portal vein and extended lymphade-
nectomy). On the other hand, preserving anatomic and
functional structures was thought to result in decreased
postoperative morbidity and a better quality of life. Pylorus-
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preserving PD and duodenum-preserving pancreatic head
resection (Beger and Frey procedures) are now widely used
modifications of the Whipple procedure.6–8 However, the
latter procedures can be performed only in patients with
chronic pancreatitis, and their use is mainly restricted to the
German-speaking parts of Europe.

The increasing need to base clinical decisions on the
available scientific evidence has been supported by the
emphasis on cost containment, the increased interest in
outcomes research, and also patients’ interest in the best
available treatment. In addition, the development of evi-
dence-based medicine has been facilitated by the availabil-
ity of electronic databases, which allow systematic reviews
of the clinical and scientific evidence in the published
literature. Beyond the simple analysis of the results of
different surgical treatment modalities, evidence-based
medicine also allows us to assess the current quality of
clinical surgical research.

The main goal of this study was to review the current
results of PD and its main technical modifications for pan-
creatic cancer and chronic pancreatitis in order to highlight
the advances of surgical treatments for pancreatic diseases.
In addition, some basic considerations concerning the qual-
ity of surgical research should be discussed. To this end, the
literature of the past decade has been analyzed according to
its level of evidence, with a focus on peri- and postoperative
morbidity, mortality, and survival rates.

METHODS

An electronic search of Medline was undertaken; the
terms “pancreaticoduodenectomy,” “pancreatoduodenec-
tomy,” “chronic pancreatitis,” “pancreatic cancer,” and
“pancreas resection” were used in various combinations.
The search terms were identified in the title, abstract, or
medical subject heading (MeSH). There was no restriction
concerning study design, but reviews and meta-analyses
were excluded from final data analysis. With few excep-
tions, only original articles published in the English lan-
guage between 1990 and December 2001 were selected for
further analysis. Manual cross-referencing was also per-
formed to find further relevant articles. All articles were
classified according to their quality of evidence. The grad-
ing system proposed by the U.S. Preventive Services Task
Force was used for classification (Table 1).9 Whenever
possible, only the best-ranked studies were used for the final
data analysis. Although the year of publication was used as
an inclusion criterion, the published case series mostly
reflect the time period and its technical standard before the
publication date.

Although evidence-based medicine possibly provides the
best methodology, some significant shortcomings remain.
Conclusions must often be drawn from lower-ranked studies
due to the lack of available level I studies. In addition, study
designs in several randomized controlled trials (level I)
were questionable; for example, no mention is made regard-

ing sample size calculations and randomization procedures.
Moreover, there is no consensus about the definition and
severity of complications and the way they are reported.10

Some authors only list the number of complications,
whereas others report the number of patients with compli-
cations. Thus, the overall heterogeneity of the available
studies severely hampers conclusive comparisons, and
therefore interpretation and literature-based statements must
be done with caution.

RESULTS

Indications for Pancreatoduodenectomy

The main goals of surgery for chronic pancreatitis are the
relief of intractable abdominal pain and decompression of
adjacent organs, most commonly the duodenum and com-
mon bile duct. Removal of a mass lesion in the pancreatic
head, compression of the portal vein, pancreatic duct ob-
struction, and failure of previous surgery are other accepted
indications for surgery. As a principle, all surgical proce-
dures for chronic pancreatitis should preserve as much
endocrine and exocrine function as possible to decrease
long-term morbidity. The operative procedures fall into two
main categories: drainage of a dilated pancreatic duct sys-
tem and resection of the pancreas. The latter type of oper-
ative procedure includes the standard Whipple-Kausch PD,
pylorus-preserving PD, duodenum-preserving resection of
the pancreatic head (Beger and Frey procedures), and distal
and total pancreatectomy. The main goal of this analysis
was to compare standard PD, pylorus-preserving PD, and
the various forms of duodenum-preserving pancreatic head
resection, whereas distal and total pancreatectomy was not
evaluated.6 Although duodenum-preserving pancreatic head
resection does not remove the duodenum, and thus might
not be considered a true PD, it represents one of the most
important technical advances in the surgical armamentarium
for chronic pancreatitis.

The incidence of pancreatic cancer ranges between 0.2

Table 1. QUALITY OF EVIDENCE

Level of
Evidence Evidence Obtained From

Level I Properly designed randomized controlled trial
Level II-1 Well-designed controlled trials without

randomization
Level II-2 Well-designed cohort or case-controlled analytic

studies, preferably from more than one center or
research group

Level II-3 Multiple time series with or without the intervention.
Dramatic results in uncontrolled experiments
could also be regarded as this type of evidence.

Level III Opinions of respected authorities based on clinical
experience, descriptive studies and case reports,
or reports of expert committees
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and 13.7/100,000.11 Due to its aggressive tumor growth and
high recurrence rate, long-term survival is rare. Ductal
adenocarcinoma is by far the most frequent tumor of the
pancreas, with a predominant localization within the pan-
creatic head (78%). Since any other oncologic therapy failed
to improve the dismal natural history of this condition,
surgical resection has remained the only potentially curative
treatment for pancreatic cancer. However, a PD should be
performed only in the absence of metastatic disease (e.g.,
liver metastasis, peritoneal carcinomatosis) and feasible lo-
cal resectability (e.g., in the absence of encasement of the
superior mesenteric vessels). The more conservative pylo-
rus-preserving PD has recently challenged the standard
Whipple procedure, and more radical PDs combined with
portal vein resection and/or extended lymph node dissection
have not reached consensus.

Is the Mortality Rate Dependent on the
Type of Surgery and the Underlying
Pancreatic Disease?

The dramatic decline in mortality after PD represents the
most impressive advance of pancreatic surgery during the
past two decades.7–42 While the mortality rates of patients
undergoing PD initially exceeded 30%, there are now sev-
eral single- and multi-institutional series revealing a mor-
tality rate ranging between 0% and 8% (Tables 2 and
3).4,5,43,44 The definition of mortality usually includes op-

erative and postoperative deaths within 30 days of surgery
or before hospital discharge.

Surgical treatment of chronic pancreatitis using a resec-
tional procedure is associated with a very low mortality of
less than 3%.12–16,18,19,24,45 There is no apparent difference
in mortality rates among the three analyzed types of surgical
procedures. Despite some recent series from specialized
centers reporting mortality rates below 3% (sometimes
called “near-zero” mortality), there is strong evidence that
current mortality rates after standard and pylorus-preserving
PD for pancreatic cancer in many surgical institutions re-
main significant, ranging between 3% and 15%.17,27,32,36–

39,42,43 The causes of death after PD for pancreatic cancer
are not fully elucidated. Possibly, patients with pancreatic
cancer carry an increased operative risk due to their malig-
nant disease, advanced age, and comorbidities. Further-
more, pancreatic tissue is soft in pancreatic cancer; thus,
pancreaticojejunal anastomosis is more difficult to perform,
resulting in a higher incidence of pancreatic fistula. The low
number of procedures performed each year in many insti-
tutions and the lack of experience may increase mortality
rates. The reported major causes of mortality after PD are
intraabdominal bleeding, sepsis related to pancreaticojeju-
nal anastomotic leakage, and cardiopulmonary failure.
However, a number of studies do not report this information
in detail, and often confirmation by autopsy is lacking.

As suggested by many, the most important factor affect-
ing mortality is the emergence of specialized centers focus-

Table 2. OPERATIVE MORBIDITY AND MORTALITY OF CHRONIC PANCREATITIS

Lead Author Year
Operative

Procedures n
Morbidity
Rate (%)

Mortality
Rate (%)

Level I
Klempa12 1995 PD 21 57 0

Beger proc. 22 54 2
Büchler13 1995 PPPD 20 20 0

Beger proc. 20 15 0
Izbicki18 1995 Beger proc. 20 20 0

Frey proc. 22 9* 0
Izbicki24 1998 Frey proc. 31 19* 3.2

PPPD 30 53 0
Level II-1

Evans15 1997 PD 15 73 NR
Beger proc. 18 55 NR

Level II-2
Jimenez16 2000 PPPD 39 44 0

PD 33 45 3
Level II-3

Frey7 1994 Frey proc. 50 22 0
Martin23 1996 PPPD 45 54 2.2
Traverso45 1997 PD 47 36 0
Beger19 1999 Beger proc. 504 NR 0.8
Sakorafas14 2000 PD 105 32 3

PD, standard pancreatoduodenectomy; PPPD, pylorus-preserving pancreatoduodenectomy; NR, not reported.
* Statistically significant difference.
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ing on pancreatic surgery.37 In such centers, not only can a
restricted number of surgeons develop high technical skills,
but also multidisciplinary experienced teams enable better
selection of patients and postoperative care. Several re-
cently published series have shown a distinct association
between high patient volume and decreased mortality
rates.38,46–50

Is the Morbidity Rate Dependent on the
Type of Surgical Procedure?

Complication rates for standard and pylorus-preserving
Whipple procedures still appear high, ranging between 30%
and 55% (see Tables 2 and 3). In contrast, duodenum-
preserving PDs, particularly the Frey procedure, are asso-
ciated with significantly lower morbidity rates, ranging be-
tween 9% and 22%. Due to improved perioperative
intensive care, myocardial, pulmonary, and thromboem-
bolic complications have dramatically decreased. The cur-
rent analysis predominantly focused on delayed gastric
emptying, pancreatic anastomotic leakage, and abdominal
hemorrhage (Table 4).

Delayed Gastric Emptying

Delayed gastric emptying (DGE) caused by a prolonged
gastroparesis during the first 2 to 4 postoperative weeks

Table 3. OPERATIVE MORBIDITY AND MORTALITY OF PANCREATIC CANCER

Lead Author Year
Operative
Procedure n

Morbidity
Rate (%)

Mortality
Rate (%)

Level I
Lin53 1999 PD 15 40 0

PPPD 16 50 0
Seiler22 2000 PD 40 72* 5

PPPD 37 57 2.7
Level II-1

Klinkenbijl29 1992 PD 44 No difference 5
PPPD 47 2

Roder27 1992 PD 62 No difference 1.6
PPP 48 2.1

Mosca32 1997 PD 42 34 8.2
PPPD 81 45 7

Level II-2
Di Carlo31 1999 PD 39 49 2.5

PPPD 74 53 2.7
Level II-3

Trede34 1990 PD 107 18 0
Cameron35 1991 PD 52 NR 9
Baumel39 1994 PD 555 35 8
Tsao50 1994 PPPD 106 39 1.9
Wade40 1995 PD 252 37 8
Nitecki37 1995 PD 186 33 3
Sperti36 1996 PD 77 43 15
Conlon38 1996 PD 118 NR 3.4
Chou42 1996 PD 93 21–33 8
Van Berge Henegouwen51 1997 PD 100 NR 3.7
Yeo67 1997 PD 174 36 0.6
Yamaguchi26 1999 PPPD 879 46 2.4

PD, standard pancreatoduodenectomy; PPPD, pylorus-preserving pancreatoduodenectomy; NR, not reported.
* Statistically significant difference.

Table 4. COMPLICATION RATES AFTER
PD FOR CHRONIC PANCREATITIS AND

PANCREATIC CANCER

Operative
Procedure

Delayed Gastric
Emptying (%)

Pancreatic
Fistula (%)

Hemorrhage
(%)

Level I
PD 0–45 2–13 4.8–10
PPPD 30–37 0–6.6 0–6.6
Beger proc. 9 0–5 9–10
Frey proc. 0 3.2–9 3.2–4.5

Level II
PD 0–33 0–21 2–11
PPPD 12–46 3–29 2–9.4
Beger proc. 0 2.6 NR
Frey proc. NR 2 NR

PD, standard pancreatoduodenectomy; PPPD, pylorus-preserving pancreati-
coduodenectomy; NR, not reported.
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accounts for almost half of the overall morbidity after the
Whipple procedure, with an incidence ranging between 8%
and 45% (see Table 4).12,14,16,17,24,27,31,32,51–55 It has been
suggested that pylorus-preserving PD is associated with a
significantly increased risk of DGE compared to the stan-
dard PD. There are seven studies (levels I and II) comparing
PD and the pylorus-preserving PD. While two studies
showed no difference, three favored pylorus-preserving PD,
and two showed lower DGE rates after PD compared to
pylorus-preserving PD.16,27,31,32,52,53,56 Two of the three
studies (levels I and II) comparing the PD and the Beger
procedure revealed a decreased rate of DGE after the duo-
denum-preserving procedure,24,52 and one study found no
difference.12 Therefore, the PD has no clear advantage
concerning DGE compared to the pylorus-preserving pro-
cedure. For chronic pancreatitis with a predominant en-
largement of the pancreatic head, duodenum-preserving
procedures probably offer significant advantages.

The pathophysiology of DGE has not yet been fully
elucidated, but several factors might be involved. Intraab-
dominal infections, resection of the duodenum with inter-
ruption of gastrointestinal neural connections, loss of gas-
trointestinal hormone production, and local ischemia are
some of the reported cofactors in the literature. Moreover, a
DGE may herald an otherwise undetected pancreaticoen-
teric or bilioenteric anastomotic leak.

Pancreatic Leakage

Drainage of the pancreatic remnant to the intestine re-
mains a crucial step after PD. Although pancreaticogastro-
stomy has been occasionally reported, intestinal drainage of
the pancreatic remnant is the standard procedure. The cur-
rent analysis has been limited to pancreatojejunostomy.

The terms to describe anastomotic leakage at the pancre-

atojejunostomy vary widely; most of the proposed defini-
tions include the volume of drain output (e.g., �50 mL/d)
and increased amylase concentrations in the drained fluid
(e.g., �1,00 units/L or three times the upper limit of normal
serum values). Some authors additionally use the persis-
tence of postoperative amylase-rich drain fluid production
(e.g., �3 days) or radiologic findings of intraabdominal
fluid collections. The reported incidence of pancreatic anas-
tomotic leaks varies from 0% to 30%.12–15,18,24 The large
range can be explained by different definitions and reporting
of pancreatic leakage, differences in the underlying pancre-
atic disease (soft vs. fibrotic pancreatic tissue), individual
surgical experience, and different surgical techniques. A
pancreatic anastomotic leak may clinically be overt as a
pancreatic-cutaneous fistula, intraabdominal abscess in as-
sociation with fever, sepsis, increased leukocytes, and C-re-
active protein levels, or only as DGE. Additionally, not
every pancreatic anastomotic leak produces clinical symp-
toms. Even an obvious pancreatic-cutaneous fistula can
occur without causing clinical symptoms. The associated
mortality of pancreatic leaks has markedly decreased during
the past two decades, now ranging between 0% and 5%.
Most intraabdominal abscess formation and smaller anasto-
motic leakage can be detected at an earlier stage by newer
and aggressive imaging modalities followed by percutane-
ous drainage.57

There is an ongoing debate on the prophylactic use of
octreotide to decrease the incidence of pancreatic anasto-
motic leaks after pancreatic surgery58–64 (Table 5). The
synthetic somatostatin analogue octreotide is a powerful
inhibitor of gastrointestinal secretion, including pancreatic
exocrine secretion. To prevent pancreatic leakage after pan-
creatic surgery, three daily doses of 100 to 250 �g oct-
reotide are given as subcutaneous injections usually for the

Table 5. EFFECTIVENESS OF OCTREOTIDE TO PREVENT PANCREATIC LEAKAGE

Lead Author/
Level I Trials Year

Patient
Groups n

Overall
Morbidity (%)

Pancreatic
Fistula (%)

Hospital Stay
(mean, d)

Büchler58 1992 OCT 125 32 18* 22.1
PLC 121 55 38* 26.2

Pederzoli59 1994 OCT 122 16* 9 NR
PLC 130 29* 19 NR

Montorsi60 1995 OCT 111 32* 9* No difference
PLC 108 62* 20*

Friess61 1995 OCT 122 16* 10* 14
PLC 125 30* 22* 15

Gouillat62 2001 OCT 38 NR 5* 18*
PLC 37 NR 21* 26*

Lowy63 1997 OCT 57 30 28 15 d in both
groupsPLC 53 25 21

Yeo64 2000 OCT 104 40 11 13.3
PLC 107 34 9 11.9

OCT, octreotide; PLC, placebo; NR, not reported.
* Statistically significant difference.
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first postoperative week, with the first dose given before or
during surgery. Continuous intravenous or only postopera-
tive applications are less frequently used.62,63 Four level I
multicenter studies from European centers including pa-
tients with pancreatic cancer and chronic pancreatitis treated
by different surgical procedures used a protocol with the
first dose given preoperatively, followed by three daily
doses of 100 �g for 7 days.58–61 Patients from a recently
published French multicenter study who underwent PD for
pancreatic malignancy only received a continuous postop-
erative octreotide infusion for 1 week.59–62 In contrast, two
single-center North American studies (level I) in patients
with pancreatic cancer used daily doses of 150 or 250 �g
given for 5 or 7 days. In the study reported by Lowy et al,
octreotide was started only postoperatively.63 The series
reported by Yeo et al represents the experience of a high-
volume center with low pancreatic leak rates.64

Each European study showed a 40% to 50% decrease in
overall morbidity rates, including reduction in pancreatic
leak rates, whereas both North American studies failed to
demonstrate any benefits with octreotide. In agreement with
Li-Ling and Irving, who also reviewed this topic recently,
octreotide appears to decrease significantly the overall mor-
bidity and pancreatic anastomotic leak rates.65 To be effec-
tive, the first dose must be given 1 to 2 hours preoperatively
followed by 3 doses of 100 �g for 5 to 7 days. High-risk
anastomoses (soft pancreas, small pancreatic duct) may be
better protected, and the benefit is likely to be more apparent
in surgical units with higher leak rates. However, further
well-designed studies with more patients are still needed to
establish the impact of octreotide, particularly in terms of
the timing and duration of application.

Hemorrhage

The term “hemorrhage” covers intraperitoneal and gas-
trointestinal bleeding complications. Intraperitoneal bleed-
ing occurring during surgery is related to the laceration of
a vessel and is rarely reported; only data regarding postop-
erative hemorrhage are usually reported. Such bleeding
originates either from an anastomotic source or from an
oozing ulcer, which is symptomatic within the first postop-
erative week. Gastric stress ulceration and anastomotic bleed-
ing caused by local ischemia have been reduced by the use of
potent acid secretory inhibition and improved anastomotic
techniques (suture materials, better understanding of vascular
anatomy). The current reported incidence of bleeding compli-
cations varies from 1% to 10%.12–14,18,23,24,26,27,29,32,34,53–55

A number of series from high-volume centers report a very
low bleeding rate (�3%).13,14,27,53 The incidence of bleed-
ing complications appears to be related to the type of
resection. Although the small sample size of level I trials
might prevent conclusive statistics, the duodenum-preserv-
ing procedures (Beger and Frey) tend to be associated with
a slightly increased rate of gastrointestinal hemorrhage,
ranging from 5% to 10%. It has been hypothesized that the
side-to-side pancreatojejunostomy of the pancreatic head is

associated with more bleeding complications. In these
cases, the bleeding usually originates from the pancreatic
head remnant.

What are the Current Survival Rates for
Pancreatic Cancer?

Important methodologic issues hamper the analysis and
interpretation of survival data after PD for pancreatic can-
cer. First, statistical description of survival is often per-
formed as Kaplan-Meier estimates, which represent only a
calculated survival time based on the proportion of patients
who underwent PD and died during a limited length of
follow-up. The mortality rate per time increments is then
used to extrapolate the actuarial 5-year survival. In addition,
some authors failed to include operative deaths in calculat-
ing the actuarial survival. In contrast, the actual survival
reflects the real number of patients alive at a certain time
point, such as 5 years postoperatively. Second, the accuracy
of pathologic diagnosis is of utmost importance regarding
interpretation of long-term survival. Since it is known that
periampullary, pancreatic, and distal bile duct carcinomas
reveal a broad variety of survival, precise histologic diag-
nosis is mandatory to achieve conclusive tumor-related sur-
vival data. Furthermore, due to the relatively low incidence
of pancreatic adenocarcinoma, a few misdiagnosed speci-
mens can lead to inaccurate survival rates. Third, extended
surgical resection, including portal vein resection and ex-
tended lymph node dissection, allows better staging; this
creates virtually improved survival rates in some subgroups
of patients, while the overall survival remains unchanged.
This virtual benefit is known as “stage migration phenom-
enon” and has been well described in other malignant dis-
orders, such as gastric cancer.66

Data regarding survival are available only from nonran-
domized or large case series. The median survival reported
in the literature shows only a small variation and is ranging
between 12 and 18 months for all patients31,32,35,37–40,67

(Table 6). Both the 5-year actuarial and actual survival rates
are poor and range from 7% to 12% and 6% to 10%,
respectively.27,31,32,36,50,68 The issue of whether the pylorus-
preserving DP might impair the radicality of tumor resec-
tion is not supported by the available data.29,32,68

Extended Lymph Node Dissection and
Portal Vein Resection: What Are the
Evidence-Based Facts?

To improve long-term survival in patients with pancreatic
cancer, more radical surgical procedures have been pro-
posed.69,70 Since it is known that perineural tumor invasion
and lymph node metastasis occur even at early tumor stages,
it was postulated that extending local resection margins
might improved long-term survival.71 Extended lymph node
dissection and portal vein resection are the most common
surgical procedures used in an attempt to increase survival.
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Regional pancreatectomy, as described by Fortner, which
includes en bloc removal (subtotal or total pancreatectomy)
of a pancreatic tumor with large amounts of surrounding
soft tissue and resection of the superior mesenteric artery, is
no longer used.69 Extended lymph node dissection includes
resection of bilateral paraaortal lymphatic tissue from the
diaphragm down to the inferior mesenteric artery and lat-
erally to the hilum of the right kidney. Although the tech-

nique of extended lymph node dissection is not yet stan-
dardized, there are several recent studies (levels I and II)
that allow us to draw some conclusions concerning ex-
tended lymph node dissection and its potential benefits
(Table 7).72–75

The two level I studies available reported a significantly
increased number of removed lymph nodes by extensive
retroperitoneal clearing (13 vs. 20, 16 vs. 27 lymph nodes,

Table 6. LONG-TERM SURVIVAL AFTER PD FOR PANCREATIC CANCER

Lead Author Year
Operative
Procedure n

5-y Actual
Survival (%)

5-y Actuarial
Survival (%)

Median
Survival (mo)

Level II-1
Klinkenbijl29 1992 PD 44 NR 26 (2-y) NR

PPPD 47 38 (2-y)
Roder27 1992 PD 62 NR 8 NR

PPPD 48 0
Yeo68 1995 PD 47 24 NR NR

PPPD 134 9
Mosca32 1997 PD 42 9.6 NR 15.5

PPPD 81 9.6 15
Level II-2

Di Carlo31 1999 PD 39 NR 0 15
PPPD 74 10 17

Level II-3
Trede34 1990 PD 107 36 24 NR
Cameron35 1991 PD 52 NR 19 12
Baumel39 1994 PD 555 NR NR 14
Tsao50 1994 PPPD 106 NR 6.6 NR
Wade40 1995 PD 252 NR 0 15
Nitecki37 1995 PD 186 NR 6.8 17.5
Sperti36 1996 PD 77 6 12 NR
Conlon38 1996 PD 118 10.2 NR 14.3
Yeo67 1997 PD 174 36 (2-y) NR 13.5–19.5
Takada30 1997 PPPD 48 16.7 NR NR

PD, standard pancreatoduodenectomy; PPPD, pylorus-preserving pancreatoduodenectomy; NR, not reported.

Table 7. RESULTS OF STANDARD VERSUS EXTENDED LYMPH NODE DISSECTION FOR
PANCREATIC CANCER

Lead Author Year
Operative
Procedure n

Operating
Time (h)

Harvested Lymph
Nodes (n)

Morbidity
(%)

Mortality
(%)

1-y
Actuarial

Survival (%)

2-y
Actuarial

Survival (%)

Level I
Pedrazzoli74 1998 SLD 40 6.6 � 0.83 13* 12 5 50 22

ELD 41 6.2 � 0.83 20 15 5 50 22
Yeo75 1999 SLD 56 6.2 � 0.2* 16* 34 5.4 71 39

ELD 58 6.8 � 0.2 27 40 3.4 80 48
Level II

Mukaiya73 1998 SLD 167 NR NR NR NR No significant
difference

No significant
differenceELD 293

Henne-Bruns72 2000 SLD 26 6.0 14 3.8 42 42
ELD 46 7.3 24 6.6 42 23

SLD, standard lymph node dissection; ELD, extended lymph node dissection; NR, not reported.
* Statistically significant difference.
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respectively).74,75 However, there was only limited infor-
mation concerning the pathologic workup of the removed
specimens. Both studies revealed similar overall morbidity,
although one study reported an increased rate of DGE after
extended lymph node dissection.75 A level II study per-
formed by Henne-Bruns et al reported long-term diarrhea in
75% of patients after extended lymph node dissection.72

This complication could be avoided in subsequent patients
by excluding the nerve plexus along the left side of the
superior mesenteric artery.72,76 The operating time for ex-
tended lymph node dissection was slightly prolonged, but
the differences remained within 20 to 30 minutes. The
mortality rates range between 3.5% and 6.5%; thus, in-
creased radicality of lymph node dissection does not seem
to be associated with increased mortality rates. Survival
rates, the primary endpoints, were not found to be prolonged
in any study.

During the last decade, 10 level II studies have been
published evaluating mortality rates and long-term survival
after partial and segmental portal/mesenteric vein resec-
tion41,77–86 (Table 8). The operative mortality is reported to
range from 0% to 16%, but recent studies clearly revealed
mortality rates below 5%, similar to those of standard PD.
Histologically proven venous tumor infiltration varies
widely, from 3% to 80%.77–84,87 This underlines the diffi-
culty of determining venous tumor invasion before and
during surgery, since peritumoral inflammation may simu-
late true tumor adherence and infiltration. Extended resec-
tions including portal vein resection have not been associ-
ated with improved long-term survival. Median survival,
1-year actuarial survival rates, and 2-year actual survival
rates are reported to range from 4 to 14 months, 20% to
60%, and 0% to 38%, respectively.41,79–82,84,86 Noncurative
resections and histologically confirmed tumor infiltration

into the tunica media of the portal vein are consistently
associated with limited long-term survival of less than 2
years.79,81,85

What is the Clinical Effectiveness of
Pancreatoduodenectomy for Chronic
Pancreatitis?

It has clearly been demonstrated that major relief of pain is
achieved after standard PD, pylorus-preserving PD, and duo-
denum-preserving pancreatic head resection7,8,12–16,18,19,23,24

(Table 9). Studies comparing the PD (standard and pylorus-
preserving PD) to the Beger procedure indicate a superiority
of the duodenum-preserving procedure. Long-term pain re-
lief has been documented in several studies with a follow-up
of over 5 years. Recurrence of pain is often related to
recurrent alcohol consumption after surgery or incomplete
resection of chronically inflamed pancreatic tissue.15

There is an increasing incidence of diabetes mellitus
during the natural course of chronic pancreatitis; this even-
tually requires insulin treatment to achieve normoglycemia.
In a large series of alcohol-induced chronic pancreatitis
reported by Ammann et al, 75% of all patients developed
diabetes mellitus within a median of 6 years.88–90 Although
the Beger procedure preserves the duodenum (and gastric
antrum), the endocrine function of the pancreas is not better
preserved in the long-term follow-up compared to PD and
the pylorus-preserving PD. New onset of diabetes mellitus
is reported to occur in 10% to 48% of patients during the
postoperative course; the observational time ranges from
3.5 to 7 years.19 Major relief of pain leads to improved food
intake, which may uncover previously undetected diabetes
or progression of the disease.

Patients with long-standing chronic pancreatitis often re-

Table 8. RESULTS OF PORTAL VEIN RESECTION FOR PANCREATIC CANCER (LEVEL II)

Lead Author Year n
Mortality
Rate (%)

Vascular
Invasion (%)

1-y Actual
Survival (%)

2-y Actual
Survival (%)

3-y Actual
Survival (%)

Median
Survival (mo)

Tashiro77 1991 17 8.4 25 51.9 37 15
Ishikawa78 1992 35 5.7 86 NR 34 14 9 � 5
Takahashi79 1994 79 16.5 61 65 (curative res) 38 12 14

17 (noncurative res) 5 0 6
Allema80 1994 20 15 50 30 19 15 7
Nakao81 1995 89 8 49 39.6 (no vessel

invasion)
NR 0 NR

55.5 (intima invasion) 5.5 0
11.3 (media invasion) 7.5 0

Roder82 1996 31 0 77 20 0 0 8
Fuhrman83 1996 23 4 77 NR NR NR NR
Harrison84 1996 58 5 59 29 23 13
Launois41 1999 14 0 21 23 15 15 5
Bachellier85 2001 21 3.2 NR NR 57 (curative res)

0 (noncurative res)
NR NR

Van Geenen86 2001 34 0 3 55 28 6 14

NR, not reported.
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veal malnutrition caused by both the severe abdominal pain
associated with food ingestion and the maldigestion related
to the exocrine insufficiency. The incidence of exocrine
insufficiency increases up to 60% to 80% of patients after
pancreas resection. As a direct consequence, all these pa-
tients require oral enzyme substitution. During long-term
follow-up (�6 months), most of the studies report a signif-
icant increase in body weight, ranging from 2 to 8 kg.14,15,23

Two randomized studies showed better weight gain and
lower rates of exocrine insufficiency after the duodenum-
preserving Beger procedure when compared to the standard
and pylorus-preserving PD.12,13

DISCUSSION

For many years PD was characterized as a difficult,
hazardous, and somewhat questionable procedure. How-
ever, during the past two decades the Whipple operation and
its modifications have clearly evolved to become safe and
effective procedures for several indications. The aim of this
review was to analyze the current results of PD for pancre-
atic cancer and chronic pancreatitis. To this end, the litera-
ture published in the 1990s was analyzed according to the
criteria of evidence-based medicine.

The emergence of evidence-based medicine has separated
the medical community into enthusiastic advocates and

doubting skeptics. Compared to meta-analyses, which gen-
erally are restricted to proper randomized trials, evidence-
based medicine offers the benefit of a more critical review
of all published data. Thus, evidence-based analysis repre-
sents a tool to gain deeper scientific insight to answer
specific clinical questions and to critically assess current
clinical practice. However, the lack of appropriate studies in
many cases should call for caution in making definite state-
ments; therefore, evidence-based analysis should not tyran-
nize daily clinical practice.

Classification systems of evidence-based medicine are
mainly influenced by the type of study, favoring random-
ized and multicenter study designs. With such an approach,
single opinions of experts have the lowest rank. However,
other criteria are not taken into account, such as sample size
calculation and experience with the procedures studied. The
lack of a uniform tumor staging system and reporting of
complications may further hamper the data analysis. Even
well-designed randomized controlled protocols may reveal
some weaknesses. As recently outlined by Black, there are
four main limitations of randomized controlled trials:91

1. Experimentation may be unnecessary if the effect of an
intervention represents a dramatic improvement of current
standard treatments.

2. Randomization may be inappropriate by limited num-
bers of patients if complications are very rare and/or occur

Table 9. CLINICAL EFFECTIVENESS OF PD FOR CHRONIC PANCREATITIS

Lead Author Year
Operative

Procedures n
Pain

Relief (%)
New Onset of
Diabetes (%)

Follow-Up (mo)
[range]

Level I
Klempa12 1995 PD 21 70 28.5 [36–60]

Beger proc. 22 100* 9*
Büchler13 1995 Beger proc. 20 75* NR 6 (each patient)

PPPD 20 40 NR
Izbicki18 1995 Beger proc. 20 95 No change

postoperatively
18 (mean)

Frey proc. 22 89 [6–24]
Izbicki24 1998 Frey proc. 31 90 NR 24 (median)

PPPD 30 87 [12–36]
Level II-1

Evans15 1997 PD 15 70 30 60 (each patient)
Beger proc. 18 70 60

Level II-2
Jimenez16 2000 PPPD 39 60 10 35 (median)

PD 33 70 12 30 (median)
Level II-3

Frey7 1994 Frey proc. 50 87 11 37 (mean)
Martin23 1996 PPPD 45 92 46 63 (mean)

[1–163]
Traverso45 1997 PD 47 100 22 42 (mean)

[8–76]
Beger19 1999 Beger proc. 504 79 21 [12–312]
Sakorafas14 2000 PD 195 90 48 78 (mean)

[1–240]

PD, standard pancreatoduodenectomy; PPPD, pylorus-preserving pancreatoduodenectomy; NR, not reported.
* Statistically significant difference.
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in the late postoperative course. In addition, results of
randomized controlled trials may be negatively influenced
by the learning curve for a new surgical procedure with
which the participating surgeons are not familiar.

3. Randomization may be impossible if clinicians refuse
to participate, and because of ethical and legal issues.

4. Randomization may be inadequate by the limited gen-
eralizability of randomized controlled trials.

Beyond these methodologic limitations, surgical research
reveals a lack of randomized trials with a multicenter
setting.

The operative mortality of PD has dramatically declined
to 3% to 8% for pancreatic cancer and to less than 5% for
chronic pancreatitis. In addition to advances in surgical
techniques, numerous improvements in diagnostic and in-
terventional radiology, intensive care, and management of
complications have contributed to the currently low mortal-
ity of PD. In contrast, overall morbidity rates remain still
high, ranging between 20% and 70%; thus, patients with
pancreatic cancer tend to be at increased risk for complica-
tions. DGE, defined as prolonged gastroparesis for 10 to 30
days postoperatively, represents almost half of all compli-
cations. The incidence of DGE is not related to the under-
lying pancreatic disease. While it has been suggested that
pylorus-preserving PD results in an increased incidence of
DGE, current studies do not support this statement. Duode-
num-preserving procedures, as promoted by Beger and
Frey, have a significantly decreased incidence of DGE
(10%). Despite varying definitions of pancreatic leakage
and fistula, the incidence of clinically relevant pancreatic
leakage currently ranges between 5% and 10%. The impact
of octreotide has been analyzed in several randomized con-
trolled trials. While most European level I studies found
significant decreases in overall morbidity and pancreatic
fistula rates, two well-quoted level I North American studies
failed to demonstrate any benefits. Administration of the
drug before surgery might be key for success.

Pancreatic cancer is still associated with poor long-term
survival. Overall 5-year survival rates for all patient groups
remain between 5% and 15%, with a median survival of 13
to 17 months. In experienced centers extended resectional
procedures (e.g., extended lymph node dissection and portal
vein resection) can be performed with similar mortality and
morbidity rates as standard procedures. However, survival
benefits still need to be demonstrated.

The classic Whipple procedure still represents the gold
standard of PD. However, the term “gold standard” is some-
what misleading because there is no clear and uniformly
accepted standard procedure. In particular, the type of re-
construction (e.g., pancreaticojejunostomy with or without
stents, pancreatogastrostomy, optional construction of a
Braun anastomosis) shows a considerable variety among
different surgical institutions and countries. Current studies
comparing the classic Whipple operation to pylorus-pre-
serving procedures reveal no evident superiority of one
procedure over the other. Neither the operating times, the

complication rates, particularly the incidence of DGE, or
long-term survival appears different. Therefore, the type of
PD should be left to local preference. The duodenum-
preserving pancreatic head resections for the treatment of
chronic pancreatitis are newer modifications preserving the
integrity of the upper gastrointestinal tract. Both procedures
have not yet gained widespread acceptance, although cur-
rent studies report favorable complication rates and excel-
lent outcomes.

In case of chronic pancreatitis, partial resection of the
chronically inflamed tissue leads to major pain relief, which
is closely related to improved nutritional status and quality
of life. If the inflammatory process is predominantly local-
ized in the pancreatic head (approximately 35% of all pa-
tients), the duodenum-preserving pancreatic head resection
provides the best approach. Nevertheless, the natural course
of parenchyma destruction can only be delayed, and the
incidence of diabetes mellitus and exocrine insufficiency
continues to increase in the long term.

In conclusion, the PD and its main modifications are
proven and established treatment modalities with a low
mortality in pancreatic cancer and chronic pancreatitis. Al-
though the morbidity remains high, most complications can
be effectively treated in a multidisciplinary setting. The
clinical effectiveness is excellent for chronic pancreatitis.
Since any other treatment modalities failed, surgical resec-
tion remains the only curative chance for patients with
pancreatic cancer. Future breakthroughs may be related
more to innovative neoadjuvant or adjuvant strategies rather
than surgical treatments.
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