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LYMPHADENECTOMY: STANDARD OR
EXTENDED?
The regional pancreatectomy first described by Fortner
in 1973 was complex and not adopted by Western pancreatic surgeons.1 In contrast, Japanese surgeons were
influenced by Fortner’s concept of extended lymph node
dissection and soft-tissue clearance for resectable pancreatic head cancer. The rationale for a more extensive
procedure was based on the observation that standard
Whipple resection does not encompass nodal groups often
involved with microscopic disease,2–7 and that many
patients frequently experienced local recurrence after
resection.8
In the 1980s, several Japanese surgeons reported survival rates after pancreatic head resection superior to those
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achieved in the Western hemisphere. These reports were
criticized because of the use of historical controls and lack
of randomization.2,5,8–13 These studies prompted surgical
groups in the Western hemisphere to embark upon prospective, randomized trials addressing the question of more
extensive operation for patients with pancreatic head
cancer.
In the last decade, the results of four prospective and
randomized trials comparing standard lymphadenectomy to
pancreaticoduodenectomy with extended lymphadenectomy have been published (Table 1). Two of the studies
were multi-institutional, one from Japan and the other from
Italy.14,15 Adjuvant therapy was not employed. The two
studies in the United States were from single large institutions: Johns Hopkins and Mayo Clinic.16–20 Adjuvant
therapy was used for the majority in both of these studies.
Three of the trials included only patients with adenocarcinoma of the head of the pancreas,14,15,20 while in the
Hopkins study, patients with ampullary, distal bile duct,
and duodenal adenocarcinoma were included.16 Extended
lymphadenectomy was performed en bloc in the two multiinstitutional studies14,15 and sequentially in the two U.S.
trials,16,20 and the extent of lymph node and soft tissue
clearance was similar in three studies.14,15,20 The lymphadenectomy performed by the Hopkins group was not as
extensive as in the other three trials.16 These four studies
concluded that the performance of an extended lymph node
dissection added, on average, between 25 min and 2 h of
operating time, carried similar morbidity and mortality as a
standard lymphadenectomy, and conferred no improved
long-term survival.
Pawlik et al. proposed a mathematical model in an
attempt to calculate the number of patients that would
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TABLE 1 Prospective randomized trials of pancreaticoduodenectomy with standard versus extended lymphadenectomy for pancreatic head adenocarcinoma
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benefit from extended lymphadenectomy for adenocarcinoma of the head of the pancreas.21 Three assumptions
were made: extended lymphadenectomy would benefit
only patients (1) with N2 disease (lymph node stations not
harvested with standard lymphadenectomy but removed
with the extended lymphadenectomy), (2) those in whom
pancreaticoduodenectomy was accomplished with negative
margins (R0), and (3) those without evidence of distant
metastatic disease (M0). Based on review of 158 patients in
whom information regarding the status of second-echelon
lymph nodes was available, the authors were able to assign
percentages to each of the three categories (M0 5%, N2
disease 10%, R0 resection 80%). It is noteworthy that 70%
of the 158 patients received neoadjuvant therapy that may
have decreased the percentage of patients with N2 disease.
Based on these data and the above assumptions, Pawlik
et al. calculated that only 1 in 250 patients would benefit
from extended lymphadenectomy.21
The quality of life following operation was analyzed to
varying extents in all four randomized controlled trials. In
two of the trials,18,20 validated instruments were used to
assess postoperative quality of life; in two14,15 the incidence of severe postoperative diarrhea was reported. In
none of the four studies was the incidence of diabetes
preoperatively and postoperatively addressed, and in only
one was the need for pancreatic enzyme replacement
evaluated.18 The data from these four trials suggest that
severe diarrhea may occur postoperatively from circumferential dissection of the nerve plexus around the superior
mesenteric artery (SMA) and that diarrhea improves within
the first postoperative year.
Recent evidence suggest that the optimal number of
lymph nodes to be examined following standard pancreaticoduodenectomy should be greater than or equal to 15.22
In the four trials reviewed herein, the mean lymph node
harvest in the standard lymphadenectomy group ranged
from 13 to 17. While the mean number of lymph nodes
removed in these four studies is commendable, as many as
half of the patients may have had insufficient lymph nodes
removed to optimize staging. Accordingly, both the surgical and pathology teams should endeavor to remove and
analyze adequate lymph nodes to avoid stage migration
effect.
Consensus Statement
1.

Data from four prospective, randomized controlled trials
involving a total of 424 patients suggest that extended
lymphadenectomy confers no survival advantage over
standard lymphadenectomy and may be associated with
compromised quality of life, particularly in the early
postoperative period. Pancreaticoduodenectomy with
standard lymphadenectomy should be the operation of

2.

choice for patients with ductal adenocarcinoma of the
head of the pancreas.
Cooperation between both the operating surgeon and
the surgical pathologist should ensure analysis of a
sufficient number of lymph nodes to optimize staging.

VASCULAR RESECTION AS PART
OF PANCREATICODUODENECTOMY
FOR PANCREAS CANCER
Portal vein (PV) resection at the time of pancreaticoduodenectomy was initially performed in an attempt to
improve survival duration by performing an en bloc
resection of the pancreas and surrounding structures.23 This
concept was popularized by Fortner in 1973 when he
proposed ‘‘regional pancreatectomy,’’ which involved the
systematic resection of major peripancreatic vascular
structures together with wide soft tissue clearance.1 Contrary to the beliefs of Fortner and others, radical or
extended pancreaticoduodenectomy has not been demonstrated to confer a survival benefit.17 Most physicians and
many surgeons assume that the negative experience with
regional pancreatectomy also applies to patients with isolated tumor extension to involve a short segment of the
superior mesenteric vein (SMV) or PV; in such patients the
only factor preventing complete tumor resection is the area
of venous involvement. Because of this, patients with
suspected isolated tumor involvement of the SMV, PV, or
SMV-PV confluence (by computed tomography [CT] or at
the time of laparotomy) are often classified as having
locally advanced, stage III pancreatic cancer. Patients with
stage III disease have a median survival of 10–12 months,
far inferior to the survival duration of 2 years demonstrated
for patients with isolated venous involvement treated with
vascular resection and reconstruction at the time of
pancreaticoduodenectomy.24–26
Vascular resection and reconstruction at the time of pancreaticoduodenectomy remains controversial because of:
•

•

•

The complexity of the operative procedure (when
venous or arterial resection and reconstruction is added
to pancreaticoduodenectomy), the limited experience of
many surgeons (with the technical aspects of vascular
surgery), and the potential for increased perioperative
death and major morbidity.
The aggressive natural history of pancreatic adenocarcinoma, which results in a short survival for most
patients, even those who undergo a potentially curative
R0 pancreaticoduodenectomy. This causes most physicians/surgeons to want to minimize perioperative risk.
The poor quality of the published data that examines
vascular resection as a prognostic factor for survival
duration. This is largely due to the lack of standardized
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pathologic evaluation and reporting of the pancreaticoduodenectomy specimen.
The concern regarding safety of venous resection during
pancreaticoduodenectomy when the procedure is performed
in high-volume centers is unjustified. Morbidity and mortality rates are similar with or without venous resection in
properly selected patients and at high-volume centers.
Technical advances such as the ‘‘SMA first technique’’ have
added to the safety of venous resection. Importantly, recent
data suggest that the survival duration of patients who
undergo venous resection and reconstruction is not different
from those who undergo standard pancreaticoduodenectomy
when an R0/R1 resection is performed.25,26 Therefore,
predictably, the population of patients who have venous
invasion and who might still have a R0/R1 resection, but do
not, are being denied the same opportunity for cure as those
who do not have venous invasion.
The difficulty in data acquisition and analysis is largely
due to the failure to implement surgical and pathology
quality control that is necessary to determine the presence or
absence of a gross and microscopic complete resection. Such
data are not available in many reports of venous resection at
the time of pancreaticoduodenectomy (Table 2).25,27–41 In
the absence of prospective evaluation of the SMA margin
(also referred to as retroperitoneal, uncinate, mesenteric
margin), reports of venous resection during pancreaticoduodenectomy are impossible to interpret. Stated otherwise,
failure may be attributed to ineffectiveness of venous
resection for venous invasion when in fact it is caused by a
positive margin elsewhere on the specimen.
When venous involvement is an unexpected finding at the
time of pancreaticoduodenectomy, surgeons may attempt to
TABLE 2 Reports of
pancreaticoduodenectomy with
venous resection

First author (year)
Al-Haddad27 (2007)
Riediger

28

(2006)

separate the SMV-PV confluence from the pancreatic head.
When this maneuver is unsuccessful, the surgeon is left with
either a grossly positive margin or an inadvertent venotomy.
Venous injury often results in uncontrolled hemorrhage and
the necessity for rapid removal of the tumor without proper
attention to the SMA dissection; it is easy to appreciate how
such cases may result in an R2 resection. Therefore, studies
that retrospectively examine the presence or absence of
vascular resection as a prognostic factor for survival should
include only those patients who have undergone a complete
gross resection (R0 or R1). Patients who have undergone an
R2 resection have persistent disease that will largely determine their survival duration. It is inappropriate to include
such patients in an analysis of prognostic factors predictive
of survival duration under the assumption that they have
undergone complete tumor removal. The current (Sixth)
edition of the AJCC Staging Manual emphasizes the
importance of the R designation in all pathology reports.
The surgeon must document (in the operative dictation)
the presence or absence of a complete gross resection at the
time of pancreaticoduodenectomy.42
In contrast to tumor-artery abutment, which can be accurately interpreted on good-quality CT imaging, tumor
abutment of the lateral or posterolateral wall of the SMV or
the SMV-PV confluence: (1) does not always imply tumor
adherence and (2) even when tumor adherence is present, it
may not always be appreciated on preoperative imaging.
However, subtle deformity of the vein wall at the tumor
interface often indicates tumor adherence and may only be
appreciated if the CT images are performed with a venous
phase of contrast enhancement and are accurately interpreted.
This deformity is usually on the right wall of the vein and is
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often manifested as straightening or ‘‘beaking’’ of the wall of
the PV/SMV whose contour on cross-sectional imaging is
normally round and symmetrical. Therefore, because of the
limited experience of many surgeons with venous resection
and reconstruction and the inability to consistently determine
the presence or absence of tumor adherence/invasion preoperatively, current practice guidelines have failed to make a
clear recommendation on the use of SMV or PV resection at
the time of pancreaticoduodenectomy.43 This, is so despite
the inclusion of tumor-vein abutment and even minimal
deformity in the definition of a resectable tumor.43
In summary, vascular resection and reconstruction at the
time of pancreaticoduodenectomy adds an additional level of
complexity to an already lengthy operation associated with
significant morbidity and occasional mortality. However, the
need for vascular resection probably does not impact survival
duration if a complete resection (R0/R1) has been performed.
Consensus Statement
1.

2.

3.

4.

Pancreaticoduodenectomy with vein resection and
reconstruction is the standard of practice for pancreatic
adenocarcinomas, locally involving the PV/SMV,
providing that adequate inflow and outflow veins are
present, the tumor does not involve the SMA or HA,
and a R0/R1 resection is reasonably expected.
Whipple specimens should be inked, examined, and
reported by techniques in conformity with College of
American Pathologists (CAP) or American Joint Committee on Cancer (AJCC) guidelines. Manuscripts that
assess vascular (usually venous) resection as a prognostic factor for survival must include a system for the
assessment of R status. This would include a clear
description by the surgeon (in the operative report) of the
presence or absence of gross residual disease, and a
pathology report which conforms to CAP or AJCC
guidelines.
Patients with pancreatic adenocarcinomas without
distant metastases should be evaluated in institutions
capable of and experienced in resection and reconstruction of major mesenteric veins.
Whipple procedures for pancreatic adenocarcinoma
should be performed in institutions capable of and
experienced in resection and reconstruction of major
mesenteric veins.

MARGIN DEFINITION, ASSESSMENT,
AND PROGNOSTIC SIGNIFICANCE
Margins in pancreatic cancer resection procedures occur
at planes where the specimen is separated from surrounding
structures or where the pancreas or bowel are divided. These
include duodenal/gastric, common bile duct, proximal

jejunal, and pancreatic neck transection margins, as well as
margins measured ‘‘radially’’ or ‘‘tangentially’’ (anterior and
posterior pancreatic surfaces).42 The most important margin
is the plane of abutment of the uncinate process with the
SMA. Unlike other margins such as the posterior margin
where a buffer of fat and areolar tissue lie between the
pancreas and the margin, the uncinate process of the pancreas
directly contacts the SMA as well as the neural and lymphatic
plexus associated with the celiac trunk.26,44 This margin is
variously referred to as the uncinate, posterior pancreatic,
mesenteric, or retroperitoneal margin. It should be referred to
by the more appropriately descriptive term ‘‘SMA margin.’’
Margins can be described clinically and pathologically
by R status, where R represents the degree of residual
disease.42 R0 means there is neither gross, nor microscopic
evidence of cancer at the margin. R1 indicates grossly
negative, but microscopically positive disease at the margin. Finally, R2 indicates that gross tumor remains. There
is a paucity of detailed literature regarding margins and
their influence on survival following pancreatic resections.45,46 Most papers indicate total numbers or percentage
of positive margin cases, yet do not provide R status by
margin site.47 Nor is the influence of the distance of the
margin from edge of the tumor well understood.
Accordingly, some investigators have proposed standardization of the process of margin evaluation. This begins
in the preoperative period with expert evaluation of the
relationship between the tumor and with critical vasculature
using high-quality imaging such as dual-phase CT with
three-dimensional (3D) reconstruction. A major goal of this
evaluation is to eliminate R2 resections prior to surgery.
Next, the margins of resected specimens need to be properly
oriented by the surgeon and the specimen inked by the
pathologist or by the surgeon in the presence of a pathologist.
Most importantly, the SMA margin should be evaluated
using perpendicular, rather than en face, sampling which
should lead to greater specificity, but possibly less sensitivity. It is critical that the surgeon and pathologist reconcile the
R status collaboratively in the postoperative period. These
principles have been nicely delineated in the current AJCC
cancer staging manual (Sixth Edition).42
Clinical Impact of Positive Margins
Overall, positive margin rates are reported to range
between 15% and 85% and, when present, these are regularly
predictive of decreased survival.26,46,48 Unfortunately, in
many papers R2 and R1 margin results are lumped, making
determination of the individual effect on survival of each of
these outcomes is difficult. The SMA margin is most frequently involved (up to 85% of all positive margins).
Increased blood loss and large tumor size are predictive of
positive margins.26 Outcomes of these historical series
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indicate that any positive margin will have a survival
equivalent to patients with palliative procedures alone.46
However, the most contemporary series (in the setting of
regular multimodality therapy, and no R2 resections) shows
R1 resection median survival as high as 22 months. This
differed significantly from 28 months for R0 resections, but
R status did not predict survival on multivariate analysis.26
Surgical Technique
The effect of surgical technique on margin positivity has
not been rigorously studied. Meticulous dissection of the
pancreatic parenchyma off the adventitia of the SMA is
advocated, but is not always practically possible.26,44 Procedures have been proposed to minimize positive margins
in body and tail tumors (RAMPS), and en bloc resection of
adjacent organs to achieve positive margins is also appropriate.49,50 Numerous devices are available to help the
surgeon with transection of the pancreas, but none have
been rigorously evaluated and none show superiority over
the conventional clamp-and-ligate technique. Many surgeons perform frozen section analysis intraoperatively
routinely; however, the utility of this practice is undefined
in the literature, except in the specific circumstance of
intraductal papillary mucinous neoplasm (IPMN).51,52
Obtaining such analysis at the neck and bile duct transection points would seem appropriate in that further tissue
may be resected to achieve a clean margin, if positive.
However, this is practically not possible on the SMA
margin where the artery provides the absolute boundary.
Cases with concomitant vein resection may have higher
rates of positive margins, especially at the SMA margin, if
the patients are not carefully selected. Venous wall invasion occurs up to two-thirds of the time when a decision is
made to resect vein. However, despite these findings, on
multivariate analysis survival is driven not by the positive
margin, but rather by the larger tumor size encountered in
these cases.25 It is quite possible that vein resection may, in
fact, decrease margin positivity, by facilitating a more
controlled tumor resection off of the veins. Pylorus-preserving resection has been shown to have equivalent rates
of margin positivity when compared to classical Whipple’s
resections, and extended lymphadenectomy procedures,
likewise, are not superior in achieving clean margins.17,53
On the other hand, a surgeon’s experience appears to
improve performance in this metric, with a threshold of
[60 cases executed showing superior outcomes.54
Effect of Multimodality Oncologic Therapy
It is possible that combined multimodality (chemo/radiation) therapy may have a positive biologic effect on a
positive margin.26,55 The use of preoperative ‘‘neoadjuvant’’
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chemoradiation therapy has been studied in this regard and
appears to provide lower rates of positive margins, although
this does not necessarily equate to improved survival.47
Similarly, focal ‘‘boosts’’ of adjuvant radiation to the positive resection margin may be beneficial.
Consensus Statement
1.

2.
3.

4.
5.

6.

Nomenclature regarding margins in pancreaticoduodenectomy should be should be standardized.
Currently it is vague, confusing, and imprecise. The
margin of the pancreas with the SMA should be termed
‘‘the SMA margin.’’
Pathologic assessment of margins is poorly standardized and inconsistently reported.
Whipple specimens should be inked, examined, and
reported by techniques in conformity with CAP or
AJCC guidelines. Manuscripts that assess vascular
(usually venous) resection as a prognostic factor for
survival must include a system for the assessment of R
status. This would include a clear description by the
surgeon (in the operative report) of the presence or
absence of gross residual disease, and a pathology
report that conforms to CAP or AJCC guidelines.
The utility of routine intraoperative frozen-section analysis should be determined by carefully planned studies.
Safe achievement of an R0 margin is the main surgical
objectives of pancreaticoduodenectomy as it is great
importance for extended survival. The SMA margin is
the most important driver of this outcome.
The impact of a microscopically positive (R1) resection on ultimate clinical outcome is uncertain.
Multimodality therapy may ‘‘recover’’ a R1 margin
and improve survival to that similar to R0 resections.

PALLIATIVE PANCREATICODUODENECTOMY:
DEFINITION AND INDICATIONS
Stedman’s Medical Dictionary defines a palliative procedure as a ‘‘therapy that relieves symptoms, but does not cure
the disease.’’ It also defines a pancreaticoduodenectomy as
‘‘excision of all or part of the pancreas together with the
duodenum.’’ Putting these two terms together would imply
that a palliative pancreaticoduodenectomy would be a pancreatic head resection that would alleviate symptoms, but
would not cure the patient. Since the reported 5- and 10-year
survival following pancreaticoduodenectomy for pancreatic
ductal adenocarcinoma are less than 20% and 15%, respectively, one could argue that for the vast majority of patients
undergoing this procedure for pancreatic cancer, palliation is
the ultimate outcome.56 Yet for most pancreatic surgeons,
cure is the intent for each and every pancreaticoduodenectomy undertaken.
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How does a pancreaticoduodenectomy intended for cure
become a palliative procedure? In part this is based on the
surgeon’s inability to obtain an R0 resection. In most cases
it requires an aggressive surgeon, confident in his or her
ability, who is willing to persist in dissection and ‘‘burn the
bridges’’ that ultimately requires a pancreaticoduodenectomy despite a high likelihood of a microscopic (R1) and
sometimes even a grossly positive (R2) margin.
Is such an aggressive attitude appropriate? To determine
the benefit, one must analyze the benefits of palliative
pancreaticoduodenectomy versus either palliative surgery
such as biliary and/or gastric bypass. These in turn should
also be compared with endoscopic palliative techniques.
Comparisons should include perioperative morbidity and
mortality, long-term survival (even though the operation is
not considered curative), and finally quality of life.
Unfortunately such studies are difficult to identify. In
1996, the Johns Hopkins group described a series of 64
consecutive patients undergoing pancreaticoduodenectomy
with either gross or microscopically positive surgical
margins—a so-called ‘‘palliative pancreaticoduodenectomy.’’57 This group was compared with 62 consecutive
patients who were found at laparotomy to be unresectable
due to local invasion, but without metastatic disease. The
two groups were similar with respect to age, gender, race,
and presenting symptoms. The hospital mortality rate was
identical in both groups (1.6%). Fifty-eight percent of the
patients undergoing pancreaticoduodenectomy had an
uncomplicated postoperative course compared with 68% of
patients undergoing palliative bypass (not significant). The
length of postoperative stay after pancreaticoduodenectomy was significantly longer than patients undergoing
palliative bypass. The actuarial survival (Kaplan–Meier)
was significantly improved in patients undergoing pancreaticoduodenectomy (P \ 0.02). A formal quality-of-life
assessment was not performed; however, 7 of the 62
patients (11%) discharged from the hospital after pancreaticoduodenectomy were readmitted to a hospital before
their death, while 12 of 61 patients (20%) who did not
undergo resection required a hospital readmission. No
patient in the pancreaticoduodenectomy group required
reoperation, while 3 patients undergoing palliative bypass
required reoperation. This study concluded that selective
use of ‘‘palliative pancreaticoduodenectomy’’ in patients
with pancreatic cancer and residual local disease might be
an appropriate option in selected high-volume centers.
A similar analysis has been reported by Reinders and
colleagues showing comparable perioperative results and
improved survival when patients undergoing microscopically positive margin Whipple resections were compared
with patients undergoing palliative bypass.58 A follow-up
study from that institution confirmed their early results and
demonstrated that patients undergoing ‘‘palliative’’
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resection spent a lower percentage of their overall survival
time outside of the hospital than patients undergoing
bypass.59 In contrast Schniewind and colleagues showed
that ‘‘palliative’’ resection patients had a trend to higher
perioperative morbidity and mortality with significantly
longer postoperative hospital stay.60 In their analysis, palliative pancreaticoduodenectomy was not associated with
improved long-term survival. These authors performed a
validated quality–of-life analysis of all patients that also
showed nonsignificant trend to a poorer quality of life after
resection. Finally, a prospective randomized trial performed in Japan compared pancreatic resection with no
surgery and chemoradiation in patients with locally
advanced nonmetastatic pancreatic cancer.61 In this study,
1-year (62% vs. 32%, P = 0.05) and mean survival time
([17 vs. 11 months, P \ 0.03) were improved with surgery. There were no differences in quality-of-life scores
between the two groups.
In conclusion, the quality of surgical imaging has
improved markedly over the last decade, resulting in the
better preoperative staging of patients with pancreatic
cancer. Yet it is still only at laparotomy that the experienced pancreatic surgeon can definitely determine
resectability for many patients. Thorough, complete dissection is necessary to make the final determination of
resectability that in many cases may require the surgeon to
complete steps that ‘‘burn the bridge’’ and mandate performing a pancreaticoduodenectomy, only to be left with
either microscopic or grossly positive margins. Although
these procedures are generally initiated with the intent of
curative (R0) resection, it appears that the resulting palliative resection can be performed with satisfactory
perioperative results and improved survival when compared with palliative bypass procedures. The limited
analyses available would suggest that quality of life is
comparable and perhaps resection decreases the need for
hospitalization after discharge.
Consensus Statement
1.

2.

3.

Although the goal for surgical treatment of pancreatic
cancer is to complete an R0 resection, this is not
accomplished in a substantial proportion (30%) of
patients even at major centers.
An aggressive approach by an experienced pancreatic
surgeon is appropriate in order to achieve an R0
resection, knowing that some will end up with R1 and
even R2 resections.
Some studies demonstrate that a margin positive
resection in this setting may yield a survival and
quality-of-life advantage compared with standard surgical bypass without increasing perioperative morbidity
or mortality.
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4.

There is no role for ‘‘palliative resection’’ of pancreatic
cancer in the setting of metastatic or preoperatively
apparent locally extensive disease.
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