
Advances in the Surgical
Management of Resectable

and Borderl ine Resectable
Pancreas Cancer
Beth A. Helmink, MD, PhDa, Rebecca A. Snyder, MD, MPHb,
Kamran Idrees, MDa, Nipun B. Merchant, MDc,
Alexander A. Parikh, MD, MPHa,*
KEYWORDS

� Resectability � Borderline resectable � Vascular resection
� Aberrant vascular anatomy � Lymphadenectomy � Pancreatic fistula
� Delayed gastric emptying � Palliation

KEY POINTS

� Despite successful surgical resection, recurrence rates remain high and overall survival is
less than 20%.

� Advances in cross-sectional imaging and diagnostic modalities such as endoscopic ultra-
sound have allowed better characterization and selection of patients that will benefit from
upfront surgical resection versus neoadjuvant therapy to improve the probability of
achieving microscopically negative margins (R0).

� Margin-negative resection is possible in the setting of vascular involvement in borderline
resectable and selected locally advanced patients after neoadjuvant therapy with vascular
resection and/or reconstruction.

� Although mortality rates in high-volume centers are low, morbidity rates after resection
remain significant, and efforts to minimize these complications are important to allow

for the expeditious use of adjuvant therapy.
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INTRODUCTION

Pancreatic cancer remains one of the most lethal diseases worldwide. Although sur-
gical resection combined with multimodality therapy affords a significant survival
advantage in some patients, the vast majority of patients present with locally
advanced (LA) or metastatic disease for which palliation is the only option. For those
patients who are candidates for resection, surgical options include a pancreaticoduo-
denectomy (PD), distal or left pancreatectomy (LP), or total pancreatectomy (TP),
depending on the location of tumor within the pancreas.
Although surgical resection was initially associated with significant perioperative

mortality, advances in surgical technique and perioperative care have reduced the
mortality to the low single digits in high-volume centers.1,2 In addition, improvements
in preoperative imaging modalities have enabled better determination of the extent of
disease and have thus allowed for better operative planning and patient selection as
well as better standardization of treatment regimens. Nevertheless, perioperative
morbidity remains a significant problem and can often result in inadequate administra-
tion of appropriate adjuvant therapy. However, even in those patients who undergo
successful surgical resection and appropriate adjuvant therapy, 5-year survival rates
remain low, ranging from 5% to 15%.3

In this review, the current state of surgical management of resectable and
borderline-resectable (BR) pancreatic cancer is discussed, focusing on both the
technical aspects and the common postoperative complications and their
management.
DETERMINING RESECTABILITY

Whether a pancreatic tumor is amenable to surgical intervention is defined by the
probability of achieving microscopically negative margins (R0) at the time of
resection. Numerous studies have demonstrated a strong correlation between R0 re-
sections and decreased recurrence rates and improved overall survival (OS).4–12

Accordingly, margin status remains one of the most important predictors of long-
term survival in pancreatic cancer.4,6,13 The status of the resection margin is often
cited as a significant predictor of patient outcomes following PD, with the median
survival of patients with microscopically positive (R1) resection significantly
decreased as compared with those undergoing R0 resection.10,14,15 However, this
is not without some controversy, as some studies do not indicate significant differ-
ences in survival between these 2 groups when controlled for other prognostic
factors.10,14,15 Overall, in patients undergoing PD for resectable disease, there is
wide variance in the reported R1 resection rates with those rates varying from 20
to more than 80%.10,14,15 These differences represent differences not only in patient
selection and operative technique but also in the identification and analysis of the
specimen by pathologists.
Although dependent on what type of resection being performed, margins during

pancreatic resection typically include the following:

� Transection margins

� Pancreatic neck margin
� Common bile duct (CBD)/hepatic duct (CHD) margin
� Distal stomach/proximal duodenum

� Circumferential margins
� Anterior pancreatic margin
� Posterior pancreatic margin
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� Superior mesenteric artery (SMA) margin
� Superior mesenteric vein (SMV) margin
� Radial CBD/CHD margin
Importantly, the transection margins can generally be extended if intraoperative
analysis (usually by frozen section) suggests disease involvement. Circumferential
margins are less clearly defined, and extending these margins is more difficult.
Unfortunately, there are no clear consensus guidelines addressing the pathologic

analysis of PD specimens, including the number or types of margins, inking practices,
or even diagnostic criteria for positivity. For example, in European studies, tumor
found within 1 mm of the resection is defined as R1 resection, whereas in the United
States, tumor must be present at the margin.10,14 Moreover, the inflammation, atro-
phy, and fibrosis associated with pancreatic cancer, particularly in the setting of prior
pancreatitis or neoadjuvant chemoradiation therapy, make the analyses of margins
more difficult. Careful multicolor inking of the specimen with extensive sampling and
thin axial slices as well as adoption of the European definition of R1 resection has
been show to lead to more accurate R1 margin rates.10,14,16,17 In fact, when careful
pathologic analysis is performed, R1 resection rates tend to be higher and the discrep-
ancy between the survival of patients undergoing R0 and R1 resections are more pro-
nounced.10,14,15 Current College of American Pathologists guidelines are vague and
recommend “inking the posterior surface of the pancreas and submission of sections
through the tumor at its closest approach to this surface as well as the retroperitoneal
(uncinate) margin.”18

In determining resectability, the main barrier to achieving R0 resection remains the
relationship of the tumor to the mesenteric vasculature. The goal of preoperative stag-
ing and imaging, therefore, is not only to evaluate for metastatic disease but also to
delineate the relationship of the relevant vasculature structures to the tumor, including
the common hepatic artery (CHA), gastroduodenal artery (GDA), SMA, celiac axis,
SMV, portal vein (PV), and the SMV-PV confluence. Preoperative staging and imaging
enable the patient’s tumor to be appropriated into 1 of 4 categories: resectable, BR,
LA, or metastatic. One of the major obstacles in determining resectability of pancreas
cancer has been the lack of a unified definition of these categories. Several institutions
and agencies have published definitions; however, significant variation persists.

Resectable Disease

In general, upfront resectable disease is defined as

� Tumor without contact with the celiac artery (CA), hepatic artery (HA), SMA, or
SMV, suggesting a high likelihood that margin-negative resection can be
achieved without preoperative therapy (Fig. 1A)

With improvements in surgical technique and vascular resection, some groups also
include tumors with limited involvement of the SMV-PV confluence in which an R0
resection is still possible, albeitwith vascular resection and reconstruction in the resect-
able category (Fig. 1B). For example, the MD Anderson Cancer Center (MDACC) defi-
nition deems tumors resectable if there is abutment of the SMV-PV with patent
vessels.19 The National Cancer Center Network (NCCN) also allows for 180� contact
or less of the SMV-PV but only in the absence of any vein contour irregularity.20

Locally Advanced Disease

The definition of LA disease also varies, although in general, LA characterizes patients
in whom the likelihood of attempting to resect the tumor even after treatment with



Fig. 1. (A) Cross-sectional imaging of a resectable pancreatic adenocarcinoma with preser-
vation of a fat plane between the tumor and the SMV and SMA. (B) Resectable pancreatic
adenocarcinoma with less than 180� involvement of the SMV but with a preserved fat plane
between the tumor and SMA.
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systemic or locoregional therapy to allow a margin-negative resection is essentially
minimal. Although several varying definitions exist, essentially tumors with extensive
vascular involvement especially arterial involvement are deemed LA (Fig. 2, Table 1).

Borderline Resectable Disease

The original term marginally resectable was coined to identify patients at high risk of a
macroscopically positive (R2) resection with upfront surgery.21 The term BR pancreas
cancer was subsequently adopted by the NCCN in 2006 to describe patients who
might benefit from neoadjuvant therapy in order to reduce the likelihood of margin
Fig. 2. Cross-sectional imaging of an LA pancreatic cancer with greater than 180� involve-
ment of the SMA.



Table 1
Definitions of locally advanced pancreatic cancer

Vessel Involved MDACC AHPBA/SSO/SSAT NCCN/ISGPS

SMA Encasement Encasement Contact >180� or
contact with first
jejunal SMA branch

CHA Encasement—unable to
reconstruct

Encasement with
extension to CA

Contact with extension
to CA or bifurcation

Celiac axis Encasement Abutment or
encasement

Contact >180�

SMV-PV
confluence

Occluded—unable to
reconstruct

Occluded—unable to
reconstruct

Unable to reconstruct
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positivity.20 Unfortunately, what defines BR disease remains an area of significant
controversy.
Over the past decade, several different classification schemes have been published

to describe which patients are considered BR pancreatic cancer, including consensus
statements and guidelines from the NCCN; the International Study Group of Pancre-
atic Surgery (ISGPS); MDACC; Americas Hepato-Pancreato-Biliary Association/Soci-
ety of Surgical Oncology (AHPBA/SSO); the Society for Surgery of the Alimentary Tract
(SSAT); and the Moffitt Cancer Center19,20,22 (Fig. 3, Table 2).
Despite what would seem to be rather objective criteria, all of these definitions are

somewhat subjective and are continually evolving. In the recent Alliance Trial
(A021101), a multi-institutional single-armed trial designed to evaluate toxicity and
feasibility of neoadjuvant chemotherapy and chemoradiation for BR pancreatic can-
cer, for example, the investigators advocated for an easily reproducible definition
based on more objective data obtained from computed tomographic (CT) imaging,
avoiding subjective terms like abutment or encasement. The Alliance definition
Fig. 3. Cross-sectional imaging of a BR pancreatic adenocarcinoma with encasement of the
SMV, but with preservation of a fat plane between the tumor and SMA.



Table 2
Definitions of borderline resectable pancreatic cancer

Vessel Involved MDACC
AHPBA/SSO/
SSAT NCCN/ISGPS Moffitt

SMA Abutment Abutment Abutment Abutment

CHA Abutment or
short segment
encasement

Abutment or
short segment
encasement

Abutment
without
extension to
celiac or HA
bifurcation

Abutment or
short segment
encasement

Celiac axis Abutment No abutment or
encasement

No contact Not specified

SMV-PV
confluence

Short-segment
occlusion
amenable to
reconstruction

Abutment,
encasement,
or occlusion
amenable to
reconstruction

Abutment or
encasement
amenable to
reconstruction

Abutment or
encasement
amenable to
resection
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consisted of the following: (1) an interface between the tumor and SMV-PV 180� or
greater of the vein wall circumference; (2) short-segment occlusion of the SMV-PV
with normal vein above and below the obstruction amenable to resection and recon-
struction; (3) short-segment interface of any degree between tumor and HA with
normal artery proximal and distal to the interface amenable to arterial resection and
reconstruction; and (4) interface between the SMA and CA measuring less than
180� of the circumference of the artery.23

DIAGNOSTIC WORKUP
Imaging Modalities

Imaging modalities including CT, MRI, and endoscopic ultrasound (EUS) are the main-
stay in the diagnosis and staging of pancreatic cancer, and advances in these tech-
niques have dramatically improved the preoperative determination of resectability
for pancreatic cancer. Specifically, the development of multi-detector-row CT allows
for high-resolution scan as well as 3-dimensional (3D) reconstructions; this, in addition
to a “pancreas protocol CT,” which includes 3 phases (arterial phase, pancreatic
parenchymal phase, and venous washout phase), has given physicians the ability to
analyze the relationship of the pancreatic tumor to important vascular structures dis-
cussed above. CT is also effective in detecting lymphadenopathy and peritoneal and
liver metastases. EnhancedMRI (with gadolinium or pancreatic tumor, excluding man-
gafodipir trisodium) is also effective in detecting local extension and vascular involve-
ment. It is often superior to CT in detecting small liver lesions. Magnetic resonance
cholangiopancreatography has the added benefit of noninvasively evaluating biliary
and pancreatic ducts. Finally, EUS is highly sensitive for the detection of small tumors,
surpassing both CT andMRI in this regard, as well as lymph node (LN) metastases and
vascular invasion.24–26 In addition, EUS provides the safest avenue for pathologic
confirmation of disease, which is crucial for those patients undergoing neoadjuvant
therapy.26

The Role for Diagnostic Laparoscopy

Although CT and MRI are highly sensitive for detection of LA as well as distant meta-
static disease, small liver metastases and peritoneal disease may be undetectable
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even with high-quality axial imaging. As a result, many surgeons advocate the use of
diagnostic laparoscopy before attempted resection, especially among patients with
findings suspicious for advanced disease on imaging, such as ascites, indeterminate
liver lesions, or peritoneal or omental thickening. Staging laparoscopy is not as useful
for determining resectability of LA disease because tumor involvement of the vascu-
lature, specifically the SMA, which is not easily detected by laparoscopy.27

A Cochrane database review of the use of diagnostic laparoscopy demonstrated a
decreased laparotomy and aborted resection rate from 40% with CT alone to 17%
with CT combined with diagnostic laparoscopy.28 If metastatic disease is detected,
staging laparoscopy not only decreases hospital length of stay but also allows patients
to initiate chemotherapy significantly earlier than those undergoing exploratory
laparotomy.29–31

An adjunct to laparoscopy includes peritoneal washings. Notably, positive perito-
neal cytology occurs in 7% to 30% of potentially resectable cases, and those patients
have similar outcomes to those with metastatic tumor burden; thus, they are generally
not considered candidates for radical resection.32,33 By NCCN standards, positive
washings are considered stage IV disease.32,34 The use of peritoneal washings for pa-
tients with pancreatic cancer, however, is not universally used.
VASCULAR RESECTION DURING PANCREATICODUODENECTOMY

Although historically abandoned due to poor outcomes, vascular resection, particu-
larly venous resection, has now gained widespread acceptance in the resection of
pancreatic cancer in selected patients. There is near universal agreement, however,
that aggressive vascular resections for patients with BR disease should only be per-
formed in patients with favorable tumor biology who have received neoadjuvant ther-
apy before resection and by surgeons experienced in these procedures.
Ideally, the need for vascular resection is determined preoperatively, although this is

not always possible. Signs of vascular involvement on cross-sectional imaging include
proximity of tumor, loss of the fat plane or interface between a given vessel and tumor,
and narrowing or impingement of venous structures (see Fig. 1). Narrowing of vein is
highly specific, but not sensitive, for tumor involvement. Arterial involvement is more
easily defined by CT preoperatively given the nerve plexus and fat plane normally sur-
rounding an artery35 (see Fig. 2).
However, more than 40% of tumors ultimately requiring vascular resection and

reconstruction did not clearly demonstrate findings suggestive of vascular resection
on preoperative imaging,36–39 again underscoring the importance of centralization of
pancreatic cancer care to high-volume centers in which surgeons are experienced
and facile with vascular reconstruction or to medium volume centers at which a
vascular surgeon is available to assist with resection and reconstruction.40,41 Impor-
tantly, one study indicated that the cross-sectional imaging before neoadjuvant ther-
apy was more predictive of vascular involvement than imaging performed after
completion of preoperative therapy. The investigators found initial imaging to be
98% predictive of vascular involvement compared with only 25% after neoadjuvant
therapy.42

Venous Resections

Resection of the SMV, PV, or SMV-PV confluence is not uncommon at high-volume
centers. Reports indicate that an average of 30% (7%–80%) of PDs performed at ma-
jor medical centers now include venous resection and reconstruction.36,43–45 Periop-
erative morbidity and mortality associated with venous resection and reconstruction
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are similar to PDs performed without any venous construction, with short-termmortal-
ity ranging from 4% to 12% and complications ranging from 17% to 100%.46–48

Venous resection and reconstruction can vary in extent, including the following:

� Partial lateral venorrhaphy with transverse closure
� Resection with vein patch
� Interposition graft with either autologous or prosthetic vein graft

Patch reconstruction with autologous vein is standard practice; however, both
cadaveric allografts and xenografts (porcine peritoneum, bovine pericardium) have
also been used.49 The autologous vein of choice for interposition grafts is the internal
jugular vein or greater saphenous vein, but other conduits, including the superficial
femoral, left renal, and inferior mesenteric veins (IMVs), have also been used.50,51

The risk of prosthetic graft in a potentially contaminated operative field with risk of
pancreatic fistula is significant; thus, prosthetic grafts are not recommended but are
sometimes required if suitable autologous vein is not available.49,52 Notably, up to
5- to 7-cm gaps can be primarily anastomosed with division of splenic vein (SV), mobi-
lization of the right colon, hepatic flexure, and root of the mesentery and full mobiliza-
tion of the liver, often obviating interposition graft.52–54

Splenic Vein Ligation and Sinistral Hypertension

As noted, division of the SV to allow for additional mobilization enabling an end-to-end
anastomosis and eliminating need for interposition graft is commonly practiced. In
addition, when tumor involvement includes the area of confluence of SV and SMV,
the SV is often ligated and divided. However, division of the SV has the theoretic
risk of sinistral or left-sided portal hypertension. Some studies have demonstrated
increased frequency of sinistral hypertension as defined by an increase in spleen vol-
ume or decrease in platelet count. In addition, there are case reports of hypertensive
gastropathy with gastric varices and gastrointestinal (GI) bleed following SV ligation
during PD.55,56 Any theoretic risk of SV thrombosis and sinistral hypertension can
be avoided by preservation of not only the short gastric vessels but also the SV-IMV
confluence, both of which would allow for decompression of the SV to the systemic
circulation. In addition, reanastomosis in an end-to-end fashion of SV to IMV, use of
an interposition graft, or even a distal splenorenal shunt, mesocaval shunt, or IMV
to right gastroepiploic vein anastomosis may be performed.55

The incidence and clinical significance of this theoretic complication have been
called into question by several studies. In one study, only a very limited number of pa-
tients in whom the SV had been ligated actually developed clinically significant spleno-
megaly.57 The reasons for this are likely many. For one, survival following PD may not
be long enough for this process to manifest itself. In addition, following ligation of the
SV, venous blood can re-enter the systemic circulation via the esophageal veins or
right colic tributaries.55 Finally, tumor involvement of the SV or confluence can cause
relative stenosis, and collateral vessels may already be well developed at the time
of PD.55

Arterial Resections

Although venous resection is not uncommon, consensus guidelines still consider
extensive tumor involvement of major arteries (SMA, celiac, and common hepatic ar-
teries) to be unresectable. In a recent meta-analysis, patients undergoing arterial
reconstruction were associated with increased operative times, higher morbidity
rate, including vascular and nonvascular complications, and a higher rate of reopera-
tion, as well as an increased mortality rate.36 Patients who underwent combined
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venous and arterial resection had worse outcomes when compared with patients un-
dergoing venous reconstruction alone. In addition, the 1-, 3-, and 5-year survival rates
of PD with arterial resection were worse than PD alone and to PD with venous recon-
struction.46 It should be noted, however, that this meta-analysis included a heteroge-
neous patient population over an extended time period (1977–2010), during which
significant improvements in patient outcomes as well as advancements in neoadju-
vant therapy regimens took place.35,46,58

At the current time, greater than 180� abutment, or encasement of the SMA, is
considered a contraindication to resection. There has, however, been limited experi-
ence but acceptable outcomes achieved in young, otherwise healthy individuals who
underwent extended resection for LA disease involving the CHA or celiac axes after
completion of neoadjuvant chemotherapy at high-volume centers.58,59 In nearly all pa-
tients who require arterial resections, venous resections are also required, further
increasing the complexity and potential morbidity of the resection.

Postoperative Anticoagulation

Although the risk of mesenteric or PV thrombosis may be increased in patients under-
going resection for malignancy, it appears to be particularly increased when vascular
reconstruction is performed.60 It is important that the anastomoses or graft is not
twisted or kinked in any way, and all venous anastomoses should allow for dilation
and avoid a “waist” at the suture line once normal venous flow is re-established.52

A recent review article in 2014 found a rate of thrombosis of 25% with reconstruc-
tion.52 Thrombosis can range from partial occlusion of the SMV or a lesser tributary to
the more feared complication of early or late PV thrombosis. The area and extent of
resection and reconstruction almost certainly influence venous thrombosis rates.61

Rates of thrombosis with polytetrafluoroethylene grafts are consistently higher than
interposition grafts using autologous vein; most studies report patency rates of
approximately 90% for autologous vein conduit.49,52,62

Patients may be asymptomatic or, rarely, may develop severe peritonitis secondary
to acute mesenteric ischemia. Early PV thrombosis is associated with a 30% to 40%
mortality rate. Although early thrombosis is deadly, patients with delayed PV throm-
bosis following PD with vascular reconstruction have survival rates greater than those
without thrombosis presumably because of interval development of collateral flow.63

Intraoperative systemic anticoagulation during reconstruction is not routinely used.
Some surgeons advocate its routine use, whereas others advocate its use when the
SMA is formally clamped for an extended period; there are no data to support or refute
its use. Data supporting the use of postoperative anticoagulation for patients undergo-
ing vascular reconstruction during PD likewise are sparse. Most protocols are based
on surgeon preference. A recent review article in 2014 summarized the available data;
however, given the wide variation in practice in the primary articles (heparin and
warfarin vs aspirin), no firm conclusions could be drawn.52 A more guided prospective
multi-institutional research trial would be necessary to define best practice standards
with regards to anticoagulation for venous reconstruction.49 Current practice at the
authors’ institution involves the use of low-dose aspirin postoperatively for all PDs
requiring vascular reconstruction.
ABERRANT VASCULAR ANATOMY AND CELIAC STENOSIS

As many as 20% to 50% of patients exhibit aberrant vascular anatomy. The variants
most critical for the surgeon during PD include an accessory or replaced right hepatic
artery (RRHA) and replaced common hepatic artery (RCHA) because they typically
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course through an area predisposed to tumor involvement. Although these aber-
rancies may add to the complexity of the operation, it is not clear whether these var-
iants affect resectability. Although traditionally these abnormalities may have been
discovered in the operating room, modern multiphase imaging techniques nearly al-
ways identify these abnormalities preoperatively and allow for proper operative
planning.

Replaced Right and Common Hepatic Arteries

The most common variant overall is an RRHA, which branches from the SMA, and is
seen in 11% to 20% of individuals. It typically courses behind or through the pancre-
atic head, predisposing it to tumor involvement especially with posteriorly located ma-
lignancies.64 Fortunately, an RRHA can often be preserved with careful dissection
even with tumor nearby. If division is required, the primary concern is preservation
of blood flow to the CBD, which could lead to failure of the bilioenteric anastomosis
or delayed anastomotic stenosis.64,65 Given this, some argue that it is important to
attempt to reconstruct if the replaced RHAmust be sacrificed (either primarily or using
an autologous vein graft), although this may be technically difficult given its small
diameter.66,67 A second anatomic variant of concern to the surgeon performing PD
is the rarer RCHA, in which the CHA originates from the SMA. Fortunately, this variant
occurs only in 0.4% to 4.5% of population.64 If the replaced CHA has an intrapancre-
atic course, reconstruction is usually necessary.64

Celiac Artery Stenosis

Celiac artery stenosis is most often secondary to intrinsic disease (plaque) or extrinsic
forces secondary to either nodal disease burden, median arcuate ligament syndrome,
or a tumor-associated fibroinflammatory process. Celiac stenosis is encountered in up
to 5% of all pancreaticoduodenectomies.68,69 Most patients are asymptomatic due to
the propensity for extensive collateralization; the CHA receives retrograde flow via the
GDA or dorsal pancreatic artery coming off the SMA, or via the Arc of Buhler, which is
a direct connection between SMA and CHA. Elimination of collateral flow by division of
the GDA during PD in the setting of celiac stenosis has theoretic and observed impli-
cations for compromised flow to liver, stomach, and spleen.68,69

Preoperatively, CT imaging has low sensitivity for detecting clinically significant ce-
liac stenosis but significant collateralization or an unusually large GDA raises suspi-
cion.68 Given this low sensitivity, it should be routine practice during PD to assess
flow within the HA by temporarily occluding flow from the GDA before division.70 Sig-
nificant stenosis from atherosclerosis that is identified preoperatively can be managed
with angioplasty and stent, but the long-term outcome is not clear.70,71 Intraopera-
tively, if blood flow in the proper HA becomes significantly reduced following ligation
of the GDA, it is recommended that restoration of flow be performed. In cases with
eccentric compression, division of the median arcuate ligament is successful in up
to 70% of cases.72–74 If that is not successful or if reduced blood flow is due to other
reasons, an autologous graft from the aorta to the proper HA is recommended.
LYMPHADENECTOMY IN PANCREATIC CANCER

A large proportion of pancreatectomy specimens contain positive nodes, ranging from
50% to 80%.75–77 Lymphatic spread is thought to begin with peripancreatic nodes
either by direct invasion or via lymphatic channels, then spreading to SMA and CHA
nodes, and finally, to para-aortic nodes.
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LN involvement is a significant negative prognostic factor. The 5-year actuarial sur-
vival of patients with node positive disease is 5%, as compared with 10% survival
among patients with node-negative disease.75–77 Local recurrence rates are also
significantly higher in those with LN-positive disease. Survival is increased dramati-
cally with N0 resection, and, within N0 resections, there is increased survival with
increased nodal sampling. In addition, for N1 disease, the LN ratio (positive LN/
resected LN) is critical, with ratios of 0 to 0.2 having more favorable outcomes than
0.2 to 0.4,76,78,79 underscoring the responsibility of both surgeon and pathologist to
provide an adequate nodal assessment at the time of PD. At least 12 to 15 nodes
are recommended for adequate analysis.75 Similar to pathologic analysis of specimen
margins, however, the quality of LN evaluation within a given surgical specimen varies
significantly.80

It is not known which groups of nodes offer the most prognostic impact, or whether
nodal invasion of peripancreatic LNs, likely by direct invasion, has the same prog-
nostic implication as true lymphatic dissemination into nodal groups further from the
primary mass.81,82 In one study, peripancreatic nodal invasion only had survival rates
similar to those without nodal invasion, whereas, in others, direct invasion had similar
prognostic implications as true lymphatic spread.81,82 In general, however, patients
with involvement of a single nodal group have better outcomes than involvement of
multiple nodal groups.83

Extended Lymphadenectomy

Although the prognostic impact of overt nodal spread is rarely disputed, there was, for
some time, significant debate as to whether aggressive nodal dissection at the time of
PD to attain locoregional control of disease truly affected outcomes.84

The need for definition of a standard nodal dissection was addressed at the 2013
ISGPS consensus meeting. The standard lymphadenectomy for PD should include
the following:

� The peripancreatic tissue to the right of SMA and proper HA—specifically nodal
stations 5, 6, 8a (proper HA), 12b, 12c, 13a, 13b (posterior surface), 14a (right
lateral SMA), 14b (right lateral SMA), 17a, 17b (anterior surface) as defined by
the Japanese Pancreas Society75

Anything beyond this is considered an extended lymphadenectomy.75

Several meta-analyses have revealed no improvement in survival with extended
lymphadenectomy, as extraregional LN involvement should be considered metastatic
disease. In addition, more extensive dissections are associated with higher rates of
postoperative complications, including delayed gastric emptying (DGE), increased
weight loss, and diarrhea thought to be secondary to autonomic disruption.85–87
PYLORUS-SPARING VERSUS STANDARD PANCREATICODUODENECTOMY

The pylorus-preserving PD (PPPD) was first introduced in 1944 by Watson,88 and in-
terest was reignited in 1980 by Traverso and Longmire.89 This procedure differs from
the standard PD by sparing the pylorus and the proximal 1 to 3 cm of duodenum in an
effort to prevent the dumping, bile reflux gastritis, and marginal ulceration associated
with the traditional standard PD reconstruction that includes an antrectomy. A 2014
meta-analysis showed no difference in disease outcomes, morbidity, mortality, or
OS with pylorus-preserving as compared with standard PD.90,91 Furthermore, a ran-
domized controlled trial showed a significant increase in DGE with PPPD as compared
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with standard PD.92 The decision as to the type of reconstruction is therefore largely
based on surgeon preference.

THE ROLE FOR MINIMALLY INVASIVE SURGERY

PD requires intricate dissection deep within the retroperitoneum of tumor that is often
adherent to major vessels. Once the specimen is resected, a series of complex anas-
tomoses must be completed. The complexity inherent to this procedure resulted in
the late acceptance of minimally invasive approaches as compared with other major
abdominal operations. The minimally invasive approach to PD was first introduced by
Gagner and Pomp93 in 1994 for a patient with chronic pancreatitis. Since that time,
laparoscopic, laparoscopic hand-assisted, and laparoscopic robot-assisted pan-
creaticoduodenectomies have all been completed with success, even including
vascular resection.94,95 Robot-assisted minimally invasive surgery has several distinct
advantages over pure laparoscopic techniques because it gives the surgeon
improved dexterity and better visualization given stereoscopic 3D optic capabilities.96

Laparoscopic PD is rarely performed outside of specialized institutions now, but lapa-
roscopic robot-assisted PD remains a viable alternative to the conventional open
approach.
Available data demonstrate that there is no difference in morbidity, mortality, or ma-

jor complications of pancreatic fistula and DGE in minimally invasive as compared with
open PD. The rate of conversion to an open procedure is approximately 10% to 15%,
and there is a steep learning curve.96 In addition, there is associated increased cost,
longer operating room (OR) time, and higher reoperation rates.96 Benefits may include
decreased estimated blood loss (EBL), lower hospital length of stay, and a trend to-
ward starting adjuvant therapy earlier.97 Little has been written about the overall
cost-effectiveness of robot-assisted or laparoscopic-only PD, but one study proposes
that the higher upfront cost of equipment, training, and personnel may be balanced by
reduced hospital length of stay.98

Regarding oncologic outcomes, in theory, the use of high-resolution cameras might
enable better visualization and finer dissection and may lead to higher R0 resection
rates, especially in borderline tumors following neoadjuvant therapy. This theory has
not yet been demonstrated in the literature.96 In addition, there is no significant
improvement in LN dissection; the number of nodes obtained during minimally inva-
sive procedures as compared with open PD is similar.96,99 It should be noted that
the interpretation of any data regarding oncologic outcomes in minimally invasive
PD is potentially biased, because those patients with low American Society of Anes-
thesiologists performance status, with large tumors, or at high risk for R1/R2 resection
are generally not offered a minimally invasive procedure.100 In addition, no data on
long-term oncologic outcomes are available. Prospective randomized controlled trials
with patients with comparable disease states with long-term follow-up are needed
before these minimally invasive techniques are universally recommended; however,
because of the low numbers of truly surgically resectable patients, this is likely not
feasible. (See Deepa Magge, Amer Zureikat, Melissa Hogg, et al: Minimally Invasive
Approaches to Pancreatic Surgery, in this issue.)

COMPLICATIONS FOLLOWING PANCREATICODUODENECTOMY

Although mortality rates after PD remain low (1%–2%) in experienced centers,
morbidity rates remain high (40%–50%), even among high-volume centers.3 Postop-
erative complications increase hospital length of stay and cost, worsen patient out-
comes, and often delay adjuvant therapy plans. Specifically, postoperative

http://dx.doi.org/10.1016/j.soc.2015.11.001
http://dx.doi.org/10.1016/j.soc.2015.11.001
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complications significantly delay the initiation of adjuvant chemotherapy, decrease the
percentage of patients undergoing adjuvant multimodality therapy, and decrease the
intensity of the adjuvant therapy tolerated.101–103

Delayed Gastric Emptying

The most common complication following PD is DGE with prevalence ranging from
20% to 40%. Although DGE is a transient phenomenon generally resolving in a few
days to weeks following the operation, the impact of DGE should not be underesti-
mated. It greatly increases length of hospital stay and readmission rates following
PD as well as patient satisfaction and quality of life.
The cause remains unclear, but is generally thought to be a result of the major

perturbations in the normal anatomy and physiology of the upper GI tract inherent
to PD. Relative gastric antropyloric ischemia, vagal dysfunction, motilin deficiency
resulting from duodenal resection, and peripancreatic inflammation have all been
implicated.67,104–106

The diagnosis of DGE is largely clinical. In 2007, the ISGPS compiled a classification
system for DGE based on nasogastric tube output and time to regular diet107 (Table 3).
Several risk factors for DGE have been identified and include the following108–114:

� Pylorus-preserving PD
� Retrocolic gastrojejunostomy
� Diabetes
� Presence of pancreatic fistula
� Increased OR times
� Increased body mass index
� Other postoperative complications

The use of octreotide in the perioperative period was also found to be an indepen-
dent risk factor for DGE.112 If these risk factors are identified preoperatively or intra-
operatively, consideration should be given to enteral access; high-risk patients
should undergo nasojejunal postanastomotic feeding tube or surgical jejunostomy
placement at the time of the resection.
Treatment of DGE is largely based on dietary modification and the use of promotility

agents, such as erythromycin, metoclopramide, and domperidone.105,115 Erythro-
mycin is generally seen as safe, inexpensive, and more effective than either domper-
idone or metoclopramide but has some important side effects and drug
interactions.116 Gastric stimulators are often used to treat idiopathic or diabetic
Table 3
International Study Group of Pancreatic Surgery classification scheme for delayed gastric
emptying

Characteristic Grade A Grade B Grade C

Nasogastric tube
required

4–7 d or reinsertion
after postoperative
day (POD) 3

8–14 d or reinsertion
after POD 7

>14 d or reinsertion
after POD 14

Unable to tolerate
food at:

POD 7 POD 14 POD 21

Gastric distention/
vomiting

Yes Yes Yes

Use of prokinetics Yes Yes Yes
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gastroparesis but are of no significant utility in the treatment of DGE following PD.
Symptoms are managed with antiemetics, generally in combination with promotility
agents.

Pancreatic Fistula

Postoperative pancreatic fistula is also a common complication following PD,
affecting 25% to 40% of patients and often leading to abscess formation, hemor-
rhage, or DGE. It is also the most common cause of mortality. Unfortunately, all at-
tempts thus far to prevent pancreatic fistula have largely been unsuccessful.117 A
classification scheme for pancreatic fistulas has been formulated by the ISGPS/Inter-
national Study Group of Pancreatic Fistula based on severity and need for intervention
(Table 4).
Major risk factors include a “soft pancreas,” which generally indicates that the gland

has preserved exocrine function, which would lead to more effluent from ducts. It is
also technically more difficult to place sutures in a soft gland. Ducts smaller than
3 mm in diameter are also associated with higher leak rates. Not surprisingly, pancre-
atic fistula is more commonly seen following resection of ampullary, duodenal, or islet
cell tumors in which pancreatic gland function is normal and ductal dilatation is ab-
sent, as compared with adenocarcinoma or chronic pancreatitis, which are associated
with more atrophic, “harder” glands and chronically dilated ducts. Increased intrao-
perative blood loss has also been shown to augment the risk of developing a fistula.117

The pancreaticojejunostomy can be performed in an end-to-end or end-to-side
manner with duct-to-mucosal anastomosis versus an invagination technique. In
some studies, direct anastomosis of duct-to-mucosa as compared with invagination
technique is associated with lower leak rate, but this has not been recapitulated.118

There are some scant data suggesting that pancreaticogastrostomy may have a
more favorable leak rate than pancreaticojejunostomy, but this has not been
confirmed in randomized controlled trials.119

The use of fibrin glue at the anastomosis was evaluated in both randomized
controlled trials and in systematic reviews and was found to result in no significant
change in postoperative pancreatic fistula.120 Thus, no intraoperative modifications
have resulted in clearly demonstrable improvements in pancreatic fistula rates.
In theory, decreasing pancreatic secretion/effluent should decrease fistula severity

and/or duration. Various somatostatin analogues have been trialed, including octreo-
tide, which in European centers was effective in reducing fistula rates. A Cochrane
Table 4
International Study Group of Pancreatic Surgery classification scheme for pancreatic fistula

Characteristic Grade A Grade B Grade C

Signs of systemic illness No Yes Yes

Treatment required? No Yes Yes

CT or ultrasound evidence No Yes Yes

Persistent drainage (>3 wk) No Yes Yes

Signs of infection No Yes Yes

Readmission No Yes Yes

Sepsis No No Yes

Reoperation No No Yes

Death No No Yes
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Review in 2012 confirmed a decrease in overall pancreatic fistula rate with postoper-
ative somatostatin therapy; however, there were no differences in rates of clinically
significant fistulas, no change in reoperation rates, no increased rate of fistula
closure, and most importantly, no change in mortality.121 Other somatostatin ana-
logues with longer half-lives and broader and stronger binding profiles are in various
stages of development and have shown promise.122 Specifically, pasireotide has
recently been shown in randomized controlled trials to decrease clinically significant
pancreatic fistula rates (ISGPS grade 2 or higher) by almost 50% for pancreatec-
tomies, including those with dilated or normal pancreatic ducts.122 Although these
data are very convincing, its generalized use, however, is still lacking—perhaps
due to cost.

Hemorrhage

Postoperative hemorrhage is the third most common severe complication following
PD. The most common sites of hemorrhage include the GDA stump, tributaries of
the PV or SMV, branches of HA or SMA, the cut surface of the pancreas, suture lines,
and the gallbladder fossa.123 The ISGPS has devised a classification scheme for post-
operative hemorrhage based on time of onset in addition to location and severity of
bleed (Table 5). Early-onset hemorrhage (postoperative days 1–5) is most likely sec-
ondary to technical failure or postoperative coagulopathy, whereas late-onset (after
postoperative day 5) bleeds most often result from the erosion of peripancreatic
vessels or pseudoaneurysm formation due to pancreatic leak or intra-abdominal ab-
scess.123 Severity can bemild or severe with transfusion requirement or need for reop-
eration or an interventional radiologic procedure. Overall, treatment algorithms differ
for early versus delayed postpancreatectomy hemorrhage. Severe early bleeding
into the peritoneal cavity warrants relaparotomy for ligation of the bleeding vessel,
whereas bleeding into the GI tract (likely from gastrojejunal or enteroenteroanastomo-
sis) may be amenable to endoscopic intervention. Late-onset hemorrhage can be
addressed with angiography with coiling/embolization/stenting if technically feasible
provided that the patient is hemodynamically stable with appropriate resuscitation
and lesion is visualized. If these conditions are not met, relaparotomy is again
warranted.124,125

PALLIATIVE OPTIONS

As mentioned earlier, only 20% of patients present with resectable disease; the
remainder of patients unfortunately present with LA (40%) or metastatic disease
(40%). Therapy for LA and metastatic disease focuses on palliative systemic therapy,
Table 5
International Study Group of Pancreatic Surgery classification scheme for postoperative
hemorrhage following pancreatectomy

Characteristic Grade A Grade B Grade C

Time of onset Early Early/late Late

Site Intraluminal or
extraluminal

Intraluminal or
extraluminal

Intraluminal or
extraluminal

Clinical impact Mild Severe early/mild
late

Severe

Therapeutic
consequences

No Yes Yes
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with median survival of 9 to 11 months.126 Although these patients have no options for
potential cure, there remains a possibility for palliative surgery for the treatment of
symptoms caused by their disease, including obstructive jaundice, gastric outlet
obstruction, and intractable pain. Patients who are candidates for minimally invasive
options available for palliation may benefit from a shorter recovery period, even
more important given their expected short life expectancy.38

In general, obstructive jaundice is best addressed with endoscopic stent place-
ment. Expandable metal stents offer the best long-term patency and lowest complica-
tion rate. Surgical approaches for biliary obstruction not amenable to endoscopic
therapy include biliary bypass procedures such as hepaticojejunostomies or choledo-
chojejunostomies. Although a cholecystojejunostomy is less frequently used, it is an
attractive option in patients with tumors at least 1 cm away from the cystic duct/hepat-
ic duct junction because it can often be performed using minimally invasive
techniques.127,128

In contrast to obstructive jaundice, endoscopic approaches to the treatment of
gastric outlet obstruction have been largely unsuccessful. Duodenal stents are asso-
ciated with significant risk of migration, perforation, or biliary obstruction and require
significant changes in diet that impact quality of life.129 Although often used in patients
with a life expectancy of only a fewmonths, surgical gastrojejunostomy, either open or
minimally invasive, is preferred in those expected to live more than 2 months.129,130

Studies have shown that gastrojejunostomy for palliation is best performed in a retro-
colic position in an isoperistaltic configuration with the anastomosis below the meso-
colon to prevent stricture.131 Prophylactic gastrojejunostomy performed in the setting
of exploratory laparoscopy/laparotomy and discovery of unresectable disease with
high risk of obstruction generally does not lead to increased morbidity and mortal-
ity.131 (See Christopher Wolfgang, Katherine E. Poruk: Palliative Management of
Unresectable Pancreatic Cancer, in this issue, for further details of palliative manage-
ment of pancreatic diseases.)
Pancreatic cancer, particularly LA disease, is particularly painful because of

involvement of the celiac nerve plexus. In the treatment of intractable abdominal/
back pain, all standard pharmacologic options should be exhausted before any at-
tempts at additional intervention are made. Potential invasive therapies include
ethanol injection or ablation of the celiac plexus. These procedures can be per-
formed percutaneously, endoscopically, laparoscopically, or in an open fashion at
the time of exploration. There are no significant benefits of neurolysis over pharma-
cologic agents, however, and any manipulation of the nerve plexus can result in sig-
nificant morbidity, including debilitating diarrhea, significant orthostasis, and even
spinal cord hematomas.132–134

Notably, there is no role for palliative resection of the primary mass. There has, how-
ever, been some interest recently in tumor ablation either through thermal damage
(radiofrequency ablation, high-intensity focused ultrasound, cryoablation, and micro-
wave ablation), or nonthermal techniques (irreversible electroporation, stereotactic
body radiation therapy, photodynamic therapy, and 125I seeding).126 Nonthermal tech-
niques have garnered significant attention as the “heat sink” associated with thermal
techniques is especially problematic given nearby structures, such as the duodenum,
biliary tree, and mesenteric vasculature.135 Importantly, all have been associated with
some relief of pain.126,135 To date, however, there are no prospective data comparing
ablative therapies with standard of care in terms of safety or even efficacy; most of the
analyses thus far have been single-institution studies. Most available data, however,
suggest that these strategies may be more efficacious in combination with other ther-
apies (chemoradiation and others).135

http://dx.doi.org/10.1016/j.soc.2015.11.005
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SUMMARY

For pancreatic cancer, successful surgical resection offers the only chance for cure. It
is possible in a small minority of patients, however, even with successful resection;
recurrence rates remain high, and OS is less than 25%. Over the past several years,
advances in imaging and diagnostic modalities have allowed better characterization
and selection of patients that are potentially resectable as well as BR and LA in an
attempt to standardize resectional, neoadjuvant, and palliative therapeutic strategies.
Response to neoadjuvant therapy has resulted in a higher number of patients eligible
for resection. In addition, a better understanding of the biology of disease has allowed
us to better define the factors important for improved outcomes.
Although mortality rates in high-volume centers are low, morbidity rates after resec-

tion remain significant. A thorough understanding of the factors related to these com-
plications is crucial to minimize these events and allow for the expeditious use of
adjuvant therapy. It is hoped that further understanding of the biology of this lethal dis-
ease will lead to the development of novel targeted therapies and a subsequent in-
crease in the number of patients eligible for resection as well as improved long-term
survival.
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