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Abstract

Pancreatic cancer is still associated with a poor
prognosis and remains—as the fourth leading cause
of cancer related mortality—a therapeutic challenge.
Overall long-term survival is about 1–5%, and in only
10–20% of pancreatic cancer patients is potentially
curative surgery possible, increasing five-year
survival rates to approximately 20–25%. Pancreatic
surgery is a technically challenging procedure and
has significantly changed during the past decades
with regard to technical aspects as well as
perioperative care. Standardized resections can be
carried out with low morbidity and mortality below 5%
in high volume institutions. Furthermore, there is
growing evidence that also more extended resections
including multivisceral approaches, vessel
reconstructions or surgery for tumor recurrence can
be carried out safely with favorable outcomes. The
impact of adjuvant treatment, especially
chemotherapy, has increased dramatically within
recent years, leading to significantly improved
postoperative survival, making pancreatic cancer
therapy an interdisciplinary approach to achieve best
results.
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results.
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1. Introduction

Management of pancreatic cancer (PDAC) is an
interdisciplinary challenge as this tumor entity is still
characterized by a poor prognosis, with long-term
survival of only 1–5% [1]. From the oncological
perspective, pancreatic cancer represents the fourth
leading cause for cancer related mortality in the
Western world with more than 100,000 deaths in
Europe and the USA per year [2]. A major problem is
early detection since 80–90% of pancreatic cancers
are locally or systemically advanced at the time of
diagnosis. However, in patients who are suitable for
resection, five-year survival rates of 25% are possible
[3], which underlines that surgery offers the only
chance of cure and long-term survival. Yet, surgical
therapy has to be embedded in an oncological
concept of adjuvant treatment as postoperative
chemotherapy is a key factor to further improve
patient survival [4,5]. Numerous ongoing studies on
new therapeutic agents like antibodies,
antimetabolites and supportive agents reflect the
current scientific and clinical struggle to achieve a
better outcome of pancreatic cancer patients in the
future [6]. Despite new chemotherapeutical or
targeted substances, long-term survival needs to be
based on an initial tumor resection [3,7]. Today,
standardization of surgical procedures and
centralization of pancreatic surgery in high volume
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centralization of pancreatic surgery in high volume
institutions guarantees the best patient care and
mortality rates below 5% [8-10]. This review
summarizes the current state of pancreatic surgery
for malignant pathologies with focus on standard
resections, the impact of lymphadenectomy, as well
as extended indications, namely resection of vascular
structures, adjacent organs and tumor recurrences.

2. Standard Resections

Standard resections include partial pancreatico-
duodenectomy with distal stomach resection or—
recently accepted as the preferable procedure—
preservation of the pylorus for tumors in the head of
the pancreas, distal pancreatectomy for tumors of the
corpus and tail as well as total pancreatectomy for
more extended tumors or intraductal papillary
mucinous neoplasias (IPMN) if necessary. Venous
resections including the portal and superior
mesenteric vein during these procedures are well-
accepted as described below.

2.1. Partial Pancreatico-Duodenectomy

Partial pancreatico-duodenectomy with resection
of the distal stomach (Whipple resection) is the
historical standard procedure for tumors of the
pancreatic head. During the last two decades,
preservation of the pylorus has been widely accepted,
as proven to be equally effective compared to the
classical pancreatico-duodenectomy with regard to
tumor recurrence and long-term survival [11], Figure
1. A recent meta-analysis has confirmed these
findings and, furthermore, has shown that



findings and, furthermore, has shown that
preservation of the pylorus shortens operation time
and reduces blood loss [12], Table 1. Therefore, the
classical Whipple procedure should only be
performed in situations where tumor spread towards
the stomach cannot be ruled out, lymph node
metastases are suspected in this area or distal
stomach perfusion is critical, e.g., due to dissection of
venous vessels. A crucial step during reconstruction
after partial pancreatico-duodenectomy is the creation
of the pancreatic anastomosis. A large number of
variations including pancreatico-gastrostomy and
pancreatico-jejunostomy with or without internal stent
placement have been introduced and are currently
used worldwide. The most important aspect of this
anastomosis is technical standardization to achieve
low fistula rates and avoid further consequent
complications. The consensus paper of the
International Study Group Pancreatic Fistula in 2005
[13] has defined postoperative fistula as drainage fluid
on or after day 3 postoperatively with an amylase
content of at least three-times that of serum amylase
activity. The additional clinical grading of A-C reflects
the severity and potential danger for the patient and
makes study results on various anastomosis
techniques comparable in a standardized way [14,15].
Surgical techniques with low fistula rates such as the
binding anastomosis [16] or the duct-to-mucosa
suture with internal stenting [17] have been reported
and are currently used. Regardless which kind of
anastomosis is performed, insufficiency rates of less
than 3.5% should be achieved [18]. Bile-duct



reconstruction should be standardized as well to
avoid insufficiency and postoperative bile collection.
Leakages of the hepatico-jejunostomy occur less
frequent than pancreatic fistulas, but can also cause
severe and long-lasting complications. The end-to
side duodeno-jejunostomy or gastro-jejunostomy
completes the reconstruction. Several studies and a
current metaanalysis have shown that antecolic
reconstruction should be preferred to avoid delayed
gastric emptying [19,20]. This observation can be
explained by the interposition of omental tissue and
the transverse colon between the pancreatic
anastomosis and the stomach which protects the
anastomosis from any inflammatory or chemical
irritation by the pancreatic anastomosis which may
cause gastric dysfunction and emptying delay.

Figure 1. Pylorus-preserving (left) and classical
(right) pancreatico-duodenectomy. End-to-side
pancreatico-jejunostomy (1), end-to-side hepato-
jejunostomy (2) and end-to-side duodeno- or



jejunostomy (2) and end-to-side duodeno- or
gastro-jejunostomy (3), respectively.

Table 1. Currently available randomized controlled
trials on pylorus-preserving vs. classical Whipple
resection.

2.2. Distal Pancreatectomy

Distal pancreatectomy is the standard procedure
for tumors in the body or tail of the pancreas and
usually includes splenectomy. Tumors located above
or left of the superior mesenteric vein are suitable for
this procedure. Dissection of the pancreas is usually
performed above the vein after tunneling. This can be
done at the beginning of the resection as proposed by
Strasberg et al. [21]. During this procedure, the
splenic vessels can be divided early, which offers
good bleeding control and facilitates lymph node
dissection along the celiac axis and the left aspect of
the superior mesenteric artery. Proceeding to the left
side, the specimen can be removed en bloc with the
spleen. A special aspect in this procedure is the
dorsal resection plane that needs to be defined by the
surgeon either on the level of Gerota's fascia, that
may be removed, or on the left kidney itself. The latter
procedure is useful in cases of suspected tumor



procedure is useful in cases of suspected tumor
growth towards the left adrenal gland, which is not
uncommon in tumors of the pancreatic tail [22]. All
soft and lymphatic tissue along the left kidney vein
can be removed under good visibility by this
approach. Furthermore, the intention of an early
division of the splenic vessels seems reasonable from
the oncological point of view to minimize venous
drainage from the pancreatic body and tail during
surgical manipulation.

Transection of the pancreas itself is not
standardized and can be done sharply, by
electrocautery or by a stapling device. To date, there
is evidence to support either procedure. In case of
sharp dissection, the remnant is closed by sutures
with a moderate compression of the transection line.
The pancreatic duct should be separately closed
during the procedure by a separate suture. Despite all
approaches, fistula development after distal
pancreatecomy remains an ongoing problem. Fistula
rates between 12 and 40% are reported [23-25].
There is no need or evidence for any further covering
of the resection margin by sealants or patches [26].
To address this clinical problem, remnant closure by
sutures after sharp dissection has currently been
compared to stapler dissection in a randomized
controlled study (DISPACT trial) in a multicenter
approach including 21 European centers and 360
patients [26]. The preliminary results of this study
showed no significant differences in both arms with
regard to the primary end point fistula after 30 days
[27].



2.3. Total Pancreatectomy

From the oncological point of view, extensive
main-duct IPMNs, IPMNs with progression to
carcinoma, familial or multifocal pancreatic cancer as
well as multiple metastases in the pancreas are
indications for a primary total pancreatectomy.
Furthermore, this procedure may be necessary to
achieve a tumor-free resection margin and R0
situation in centrally localized tumors of the
pancreatic body [28-31]. In the latter case, the
resection might be performed as a two-part procedure
with an initial head resection followed by the distal
resection. In all other cases, removal of the gland as
an en bloc pancreatectomy should be performed to
avoid pancreatic transection with the risk of tumor cell
spilling.

3. Lymphadenectomy

Lymphadenectomy during PDAC resections is
well-defined for partial duodenopancreatectomy,
which has been subject of national guidelines and
international consensus statements such as the
German “S3 guideline”, the Japanese guideline or the
guidelines published by the National Comprehensive
Cancer Network in the US [32,33]. For distal and total
pancreatectomy, there are less consensus based
recommendations, however lymphadenectomy is an
essential step during these procedures as well.

Different classifications of the peripancreatic
lymph nodes have been used by various authors.
These classifications range from pure descriptions to



These classifications range from pure descriptions to
approaches that are based on functional
considerations [34]. The most commonly accepted
system has been established by the Japanese
Pancreas Society [35]. According to this system, the
peripancreatic lymph nodes can be divided into three
groups (1st, 2nd, 3rd order) of regional lymph nodes
that are further subdivided in some positions such as
the hepato-duodenal ligament (group 12a, b, c, h, p).
This classification can be helpful not only clinically to
describe lymph node spread in detail, but also to
make studies on lymph node dissection comparable.

The clinical and prognostic value of the lymph
node status has been investigated in several studies
from the histopathological and oncological point of
view [36-43]. Two aspects have to be considered that
are presently part of a controversial discussion: the
overall number of affected lymph nodes as the
histopathological correlate of lymph node spread and
the lymph node ratio as a calculated parameter that
may reflect the relation of spread in a different way.
With regard to the above mentioned anatomical
system of directly pancreas surrounding lymph nodes
and second level nodes, a recent study has
investigated if the mechanism of spread has an
impact on prognosis [39]. The authors reviewed 517
pancreatic cancer patients with regard to spread into
the adjacent or regional nodes. They could not
demonstrate a general prognostic difference between
metastases that occurred in adjacent or regional
nodes. In contrast to this irrelevance in location, the
number of positive lymph nodes was shown to have
an important impact on long-term outcome. In



an important impact on long-term outcome. In
patients with one positive node, long-term survival
was equal to patients with an N0 stage, whereas two
or more positive nodes were associated with a
significantly poorer survival, regardless to the total
number of positive nodes. This observation was
similarly made in distal pancreatectomy as mentioned
below with a cutoff level of three or more positive
nodes. These results underline the importance of
lymph node dissection, as in case of only one or two
positive nodes the radical removal leads to a
dramatically improved prognosis, compared to
patients with residual tumor manifestation or merely
palliative therapy.

Lymph node ratio is a commonly used term
initially introduced to characterize lymphatic tumor
load and create a prognostic parameter independent
from the rough estimation N0 vs. N1 or the overall
number of positive lymph nodes [37,38]. A large
number of studies have dealt with the topic of the
prognostic lymph node ratio cutoff. Usually the
number of 0.2 is accepted as the separation level that
indicates poor survival [37]. However, recent
publications have reached different conclusions
regarding the prognostic value of total lymph node
count and lymph node ratio. As mentioned in detail
above, a situation with one or two positive lymph
nodes has been shown to be prognostically
equivalent to a N0 stage, no matter which total
number of lymph nodes are resected [37]. This
observation is not in accordance with the study
published by Bhatti et al. [38], who found an
independent predictive value of the lymph node ratio



independent predictive value of the lymph node ratio
≤0.2 for long term survival in their multivariate
analysis of 84 patients but could not demonstrate an
impact of total lymph node number. Similar results
were obtained by Slidell et al. [42] in the largest
available series that included 4000 patients. They
comfirmed the lymph node ratio cutoff of 0.2 as a
strong predictive value for survival. The underlying
problem which may explain these contrary
conclusions may be the variable number of lymph
nodes removed during resection. As the number of
histopathologically examined lymph nodes in the
study by Slidell et al. [42] shows a variety between 0
and 30 nodes with a median number of 7, the ratio is
strongly dependent on the total number of removed
nodes. Therefore, a comparison of the parameters
and the different studies has to be seen with regard to
this aspect. In general, a minimal required number of
10–12 lymph nodes should be routinely found and
prepared in the resection specimen to make a valid
statement about the lymph node stage [42,43]. Under
the hypothesis of this number, one or two positive
nodes would have the same prognostic value as a
ratio of 0.1–0.2, making both parameters a similar
prognostic value.

The para-aortic lymph nodes (Group 16
according to the Japanese Pancreas Society)
represent a group that has to be specifically regarded
in terms of prognostic value. Although positive nodes
in this group are considered as distant metastases
(M1 disease) by many authors, their prognostic
impact remains controversial. A review by Glanemann



et al. [53] showed that patients with tumor spread to
these nodes show a significant poorer survival which
implies that these patients should not be resected in
case of a positive sampling during surgical
exploration. However, a study by Shrikande et al. [52]
compared outcome after resection for M1 pancreatic
cancer, including a subgroup with positive para-aortal
lymph nodes. In this study, survival of these patients
was significantly better and comparable to node-
negative patients than in the subgroup with resected
liver or peritoneal metastases. Therefore, it seems
difficult to draw a final conclusion on this issue.

3.1. Lymphadenectomy in Partial Pancreatico-
Duodenectomy

Partial duodenopancreatectomy includes a
standardized lymphadenectomy, which contains the
lymph nodes of the hepato-duodenal ligament (group
12), along the common hepatic artery (group 8),
portal vein (group 12) and the cranial portion of
superior mesenteric vein (group 4–6) as well as right-
sided lymphnodes of the celiac trunk (group 9) and
along the right side of the superior mesenteric artery
(group 3) [32]. The impact of extended lymph node
dissection (i.e., in the interaortocaval space, left-sided
of the celiac trunk and superior mesenteric artery) has
been well investigated in four randomized controlled
trials between 1998 and 2005 [44-47]. Although there
were certain differences in the studies with regard to
the number of resected lymph nodes (20 vs. up to
40), three of the authors could not show any survival
difference in the study collectives, neither in N0 nor in



difference in the study collectives, neither in N0 nor in
N1 patients that underwent standard or extended
resections. Only Pedrazzoli et al. [44] found a survival
benefit of 7 months in the subgroup analysis for N1
patients that underwent extended resection.
Furthermore, all authors except for Pedrazzoli et al.
observed a significantly increased surgical morbidity
or decreased quality of life in the postoperative follow-
up.

A metaanalysis published in 2007 [48] analyzed
these studies, including an overall number of 297 vs.
311 patients, with regard to their individual scientific
quality and results. No benefit for an extended
approach of lymph node dissection could be
concluded in terms of tumor control and survival.
Furthermore, an increased rate of perioperative
complications and a decreased quality of life was
demonstrated. Therefore, with regard to these studies
and consequently based on a level 1 evidence, the
concept of ultra-radical lymphadenectomy should be
abandoned and defined standardized lymphnode
dissection should be performed during partial
duodenopancreatectomy.

3.2. Lymphadenectomy in Distal Pancreatectomy

Lymph node involvement in tumors located in the
body or tail of the gland is most frequently observed
in the lymph nodes attached to the pancreas in the
resected specimen [41]. Further frequent sites are the
nodes along the splenic artery, the paraaortic area
and along the inferior margin of the pancreas as well
as along the superior mesenteric artery.

The extent of lymph node dissection in distal



The extent of lymph node dissection in distal
pancreatectomy has been defined in 1999 by a
European consensus statement [22] using the
Japanese Pancreas Society classification [35]. The
standard lymphadenectomy includes regional lymph
nodes attached to the pancreas along the inferior
margin, the celiac trunk and the splenic artery as well
as the hilum of the spleen [22,49-51]. “Radical”
lymphadenectomy is defined as an additional
dissection of the lymphatic tissue along the hepatic
artery and the interaorto-caval space including
Gerota's fascia [22]. This extended resection is not a
standard procedure but may be suitable as an
individual approach in situations when these lymph
nodes are macroscopically suspicious during
exploration [52], although metastases in the aorto-
caval space are considered as distant metastases by
many authors due to the often poor prognosis [53,54].

A recent study has investigated the prognostic
impact of lymph node metastases in the regional
lymph nodes [41]. The authors showed that positive
lymph node status was an independent factor
predicting survival after distal pancreatectomy.
Interestingly, they could not only demonstrate the
prognostic value of positive lymph nodes themselves.
When the lymph node positive patients were
subdivided into groups with one or two involved
nodes attached to the pancreas and three or more
nodes, survival of the latter group was significantly
worse. One or two positive nodes were not
associated with an impairment of the prognosis but
had an equal survival to those patients with an N0
situation. This observation shows that a routine



situation. This observation shows that a routine
removal of the directly attached and peripancreatic
nodes is a highly important part of the resection to
achieve best oncological outcome. In contrast, a more
extended lymphadenectomy cannot be recommended
from the available data, as this is, comparable to the
setting of pancreatic head resection, associated with
an increase in morbidity without proven oncological
benefit.

3.3. Lymphadenectomy in Total Pancreatectomy

Lymphadenectomy during total pancreatectomy
is, comparable to distal pancreatectomy, not fully
standardized [55,56]. However, it seems reasonable
to regard total pancreatectomy as a combination of
partial duodenopancreatectomy and distal resection
and therefore combine the approaches of lymph node
dissection of both procedures. This includes the
dissection of the hepatoduodenal ligament, along the
hepatic artery, both sides of the celiac trunk, the
splenic artery as well as the inferior pancreatic margin
and will usually result in 30–50 lymphnodes included
in the resected specimen. Interaortocaval lymph node
resection during total pancreatectomy is an extended
approach and must not be performed as a routine
procedure, as morbidity may be increased especially
in terms of lymphatic fistula development and
therapeutically challenging diarrhea and intestinal
discomfort which can severely impair patients'
recovery and postpone or even inhibit the start of an
adjuvant chemotherapy. As the prognostic oncological
value of ultra-radical dissection remains questionable,
this approach cannot be recommended during total



this approach cannot be recommended during total
pancreatectomy.

4. Vascular Resections

Depending on the localization and growth pattern
of the tumor, two types of adherence or infiltration of
vascular structures need to be regarded: Venous
vessel involvement of the superior mesenteric and/or
portal vein and involvement of the celiac trunk or the
superior mesenteric artery as the major upper GI
arterial vessels (Figure 2).

Figure 2. CT scan showing pancreatic head
cancer with infiltration of the portal vein confluens
(black arrow). Technically resectable finding
(partial duodeno-pancreatectomy with segmental



(partial duodeno-pancreatectomy with segmental
portal vein resection).

4.1. Venous Resections

From the initially anecdotal description in the
1970s, resection of the portal vein or the superior
mesenteric vein have gained wide acceptance in
centers around the world. Depending on the length of
tumor adherence, the portal and superior mesenteric
vein can be reconstructed by a direct anastomosis or
the interposition of a graft. Both procedures can be
performed safely, which has been demonstrated in
large series that showed surgical morbidity and
mortality rates comparable to pancreatic head
resections without vascular involvement [57-59]. In a
systematic review published in 2006 [60], 52
manuscripts with more than 6300 patients were
included in whom PDAC resection was performed.
This collective included 1646 patients (26%) who
underwent synchronous portal—superior mesenteric
vein resection mainly together with partial
pancreaticoduodenectomy (71%) or total
pancreatectomy (24%). Median operation time was
approximately 8.5 hours with a median blood loss of
1750 mL, perioperative mortality of 5.9% and overall
morbidity of 42 % (9% to 78%).

Technically, venous resection can be performed
as a tangential resection of the portal vein if this is
possible. Mostly, tumor infiltration reaches the vein
from the right circumference, sometimes giving the
surgeon the opportunity to resect a small patch and
close the defect directly without a hemodynamically



relevant stenosis (Figure 2). However, the congestion
of the venous drainage of the small bowel needs to
be ensured which is certainly possible by direct flow
measurement on the one hand and the macroscopic
judgement of the experienced surgeon during the
remaining operation time, which is usually about two
hours it takes to complete reconstruction of the
pancreatic, bile duct and duodenal or stomach
anastomosis. If the tangential resection is not
possible, the mesenteric root can be mobilized
completely by resolving the attachment of the right
hemicolon to the retroperitoneal adhesions [57]. A
segmental portal vein resection can be performed and
continuity of the vessel can be restored by a direct
end-to-end anastomosis. When the resected length
cannot be bridged by the direct anastomosis, a
vascular graft needs to be inserted. In recent clinical
studies, no difference in surgical outcome and long-
term survival was shown when different types of
venous reconstruction (venorrhaphy, end-to-end
anastomosis, graft insertion) were compared [58].

A tumor-related complete obstruction of the
portal vein must not be regarded as a general
obstacle for a resection. Although surgical preparation
may be more difficult due to the collateral vessels, the
restoration of the portal venous flow after resection
and anastomosis offers an adequate drainage of the
bowel despite the removal of most of the collateral
vessels that may be necessary during the
preparation. Oncological outcome in patients with
venous resections has been shown to be similar
without increased rates of local or systemic failure



without increased rates of local or systemic failure
[60]. Overall, histological tumor invasion of the portal
vein is evident in approximately two out of three
resected specimens, varying between 3 and 86% in
the different series. The reported long-term survival in
the review by Siriwardana et al. [60] of 1,351 patients
after portal—superior mesenteric vein resection was
13 months, with 1-, 3-, and 5- year overall survival
rates of 50%, 18%, and 8%. This demonstrates that
resection of the portal or superior mesenteric vein is
potentially curative and the involvement of the
mesenteric or portal vein seems to be rather a
consequence of the tumor located close to these
structures than a reflection of an uncommonly
aggressive tumor biology. Since perioperative
morbidity and mortality rates are favourable and long-
term survival after these resections is much better
compared to patients with only palliative
management, resection of the portal and superior
mesenteric vein can be regarded as a standard
procedure in experienced hands and should be
performed in a routine setting to achieve a complete
removal of the tumor. This has meanwhile been
generally accepted and is explicitly stated in national
guidelines such as the German consensus publication
of 2007 [32], which underlines the importance and
binding character of this approach that can also be
recommended during multivisceral procedures [61].

4.2. Arterial Resections

In contrast to venous tumor adhesion, arterial
infiltration of the celiac axis (Figure 3) or the superior
mesenteric artery must be regarded as a symptom of



mesenteric artery must be regarded as a symptom of
biologically aggressive tumor spread. Therefore,
decision to perform a surgical resection in this
situation is a highly individual decision. The resection
of the celiac axis or the superior mesenteric artery
has been performed since the 1970s in selected
patients but is still regarded as an extraordinary
approach in PDAC surgery [62-65].

Figure 3. CT scan showing pancreatic head
cancer with infiltration of the celiac trunk.
Infiltration of common hepatic, left gastric and
splenic artery (white circle, left, middle and right
vessel). Technically not resectable finding.

If the superior mesenteric artery is involved in the



If the superior mesenteric artery is involved in the
tumor process, this is rather a general exclusion
criterion for resection and has only been reported in
few patients. In contrast, tumor adherence or
infiltration along the celiac axis must not be
considered as generally irresectable [66]. To evaluate
arterial infiltration along the superior mesenteric
artery, the “artery-first” approach can be useful [67],
which describes the preparation of the superior
mesenteric artery as the initial step before further
preparation and mobilization of the pancreatic head or
tail to rule out any tumor infiltration.

However, arterial resections have to be
evaluated differently in pancreatico-duodenectomy or
distal pancreatectomy. This also implies the
differentiation of resection without re-vascularization
and resection with direct anastomosis or graft
insertion to replace the resected vessel. In a recent
review, the role of arterial resection has been critically
evaluated including all currently available studies [68].

In pancreatico-duodenectomy with resection of
the superior mesenteric artery, only five studies were
identified including a total number of less than 30
patients. All authors showed that the resection is
technically possible, grafting with the saphenous vein
was the most commonly used method for
reconstruction. However, morbidity of this approach is
high and the oncological outcome is not yet
convincing from the limited evidence. Celiac axis or
hepatic artery resection in pancreatico-duodenectomy
is performed more often. The available literature on
this topic includes approximately 200 patients [53].



Surgical morbidity is up to 40%, mortality in
pancreatico-duodenectomy with arterial resection
ranges from 0–35%, showing the inconsistent data
basis of this approach. Long-term survival in these
studies shows three-year survival rates of 8–35%.
Five-year survival was 0% in most publications, only
one study reported a 20% survival [63]. These results
show that arterial invasion of pancreatic cancer
located in the pancreatic head has to be regarded as
a rather poor prognostic factor.

In distal pancreatectomy, case series regarding
celiac axis resection included 1–13 patients with a
median survival of 9–14 months [69, 70]. In a recent
publication [69], long term survival after this approach
was compared to standard distal pancreatectomy and
was equal in both procedures, which underlines that
arterial resection in distal pancreatectomy seems to
be feasible and reasonable. From the technical point
of view, the celiac trunk might be resected down to its
aortal orifice [69]. As long as the proper hepatic artery
can be preserved, a reconstruction is possible. This
can be done with an interposition of any arterial
vessel of the celiac axis or a venous interposition
graft. Arterial liver perfusion should be controlled by
regular duplex examinations and restored
aggressively in case of a vessel occlusion. Arterial
hepatic perfusion failure may otherwise cause acute
problems postoperatively in terms of liver ischemia,
necrosis and infection and is a risk factor for bile-duct
associated complications in the long-term follow up
[71]. In summary, arterial resection can be carried out
safely in experienced hands but is not based on high-



safely in experienced hands but is not based on high-
quality scientific data so far.

5. Multivisceral Resections

About 35% of all potentially resectable PDAC
patients present with locally advanced tumors with
involvement of surrounding structures and organs.
The benefit of radical surgical resection in this
situation has been addressed in several publications
[61,72]. Older reports showed that surgical morbidity
in extended resection was increased and survival
benefit limited, making this approach questionable. In
contrast, more recent publications [61] demonstrate
that en-bloc resection of contiguously involved organs
can be performed safely. There is no difference
regarding perioperative morbidity (35%) and mortality
(3%) compared to standard resection. While
operation time is clearly longer due to the extended
resection including mesocolon, colon, adrenal glands,
liver, and stomach, blood loss and hospital stay are
not different from what is observed after the standard
procedure. Major aim of any extended resection must
be the achievement of a curative situation. With a
five-year survival rate of 16% and a median survival
of 26 months, results of the multivisceral approach
are comparable to long-term survival rates of patients
with standard resection and, above all, much better
than the median survival of 6–9 months reported for
patients who are not resected at all [1].

6. Neoadjuvant Therapy

Neoadjuvant therapy in pancreatic cancer is
currently under discussion with regard to the differing



currently under discussion with regard to the differing
clinical situation. On one hand a not resectable or
borderline resectable locally advanced tumor
represents an indication for preoperative treatment,
on the other hand, pretreatment can be performed in
limited tumors which can be radically resected to
improve local control and reduce the risk of
recurrence.

In case of locally advanced tumors with
adherence to the celiac trunk or the superior
mesenteric artery, a neoadjuvant treatment can be
performed following different study protocols and is
not standardized yet. In many protocols, gemcitabine
is combined with a 50–60 Gy radiation over a 6-week
period, followed by 4–6 weeks interval to await
downsizing and development of fibrosis as a
consequence of the therapy. After re-staging, patients
should be subjected to surgical exploration as long as
no signs of systemic tumor spread are visible. Using
this approach, in 33–50% of all primarily irresectable
patients, a radical resection is possible which
achieves R0 resection rates comparable to standard
resections [66,73-75].

In case of resectable carcinomas, there is no
evidence for neoadjuvant treatment to date. A recent
review summarized the published data on this topic
including 35 studies with a median number of 32
patients per study [76]. Although there is a wide
variety of neoadjuvant therapies with different
chemotherapeutic agents and radiotherapy, no
advantage in terms of tumor response and survival
could be shown for the neoadjuvant treatment group
in respectable carcinomas. Overall median survival



in respectable carcinomas. Overall median survival
after neoadjuvant therapy followed by resection was
23.3 months compared to 20.1–23.6 months when a
primary resection was performed. These findings do
not suggest the use of neoadjuvant treatment in case
of respectable pancreatic cancer. However, the
methodological problems implied in the current
literature needs to be taken into account. Especially
different definitions of resectability and non-
standardized treatment protocols make a comparison
between the studies difficult.

7. Recurrence Resections

Localized recurrence in pancreatic cancer may
be an indication for resection in selected patients. As
conventional cross-sectional imaging by CT scan is
often unspecific with regard to postoperative follow-up
in resected patients, early detection of local tumor
recurrence remains a diagnostic challenge. Two
recent studies have demonstrated that
fluorodeoxyglucose-positron emission tomography
(FDG-PET) is a useful tool when addressing this
problem [77,78]. Its sensitivity and specificity seems
to be significantly higher in early detection of tumor
relapse, which may lead to a change in treatment
strategy and surgical reexploration in selected
patients. Although a large number of tumor
recurrences is located close to the arterial vessels
and therefore not resectable, recent studies support
the concept of surgical exploration and resection
whenever possible [79-81]. This approach can be
combined with intraoperative radiotherapy of the



combined with intraoperative radiotherapy of the
tumor bed to reduce the risk of another recurrence at
the resection site. In case of local irresectability,
intraoperative radiation can be performed with a
palliative intention in terms of tumor reduction and
pain control. An extended resection of the recurrent
tumor with arterial vessels does not seem to be
justified as the chance for a radical tumor removal is
poor. The available studies report successful
resection rates of 50% with acceptable surgical
morbidity and suggest a survival benefit for those
patients, especially in situations with a long time
interval (>9–12 months) between the initial tumor
diagnosis and the recurrence manifestation [82]. As
these are observational studies, there is no proven
evidence for this approach today and larger controlled
trials are required to evaluate long-term oncological
value.

8. Laparoscopic Resections in Pancreatic Cancer

The role of laparoscopic resections in pancreatic
cancer is controversially discussed. While distal
laparoscopic pancreatectomy gains growing
acceptance worldwide, only few reports have been
published on partial pancreatico-duodenectomy
[82-90].

The laparoscopic approach for distal
pancreatectomy is usually performed using 4–5
trocars and stapler dissection of the pancreas and
shows similar operative morbidity rates and outcome
compared to the open approach in experienced hand
[25]. The possible laparoscopic advantages,
especially faster recovery of the patients, less pain



especially faster recovery of the patients, less pain
medication and better cosmetic results, are currently
evaluated in larger series. So far, no randomized trial
has been performed. Furthermore, there are no larger
series reporting on the oncological issues in terms of
radical resection, number of removed lymph nodes
and long-term outcomes of this procedure. The three
largest studies published in recent years included
overall collectives of 103–159 patients undergoing
laparoscopic distal pancreatectomy. Among these,
only 4, 13 and 16 pancreatic cancers were found
[25,89,90]. This limited data does not allow
conclusions to be drawn on the oncological feasibility
of laparoscopic distal pancreatectomy.

Partial pancreatico-duodenectomy has been
performed laparoscopically in only few institutions
around the world with very small numbers of patients
and cannot be recommended as a standard approach
in pancreatic cancer [82].

9. Quality of Life (QoL)

Long-term quality of life (QoL) after pancreatic
cancer resection must be seen as a combination of
surgical and oncological issues. From the surgical
point of view, the patient's postoperative
gastrointestinal function and nutritional status
depends on gastric emptying function, which can be
impaired in the early course by delayed gastric
emptying, as well as malabsorption, usually caused
by exocrine insufficiency [91]. Furthermore,
postoperative diabetes mellitus may require oral
antidiabetic and/ or insulin therapy [92,93]. In
addition, QoL can be impaired by side effects of



addition, QoL can be impaired by side effects of
adjuvant therapies, including general weakness,
nausea, vomiting and diarrhea [92]. In general, the
surgical QoL returns to the preoperative level within
six months postoperatively. There are several
randomized controlled studies in which QoL following
pylorus-preserving and classical partial pancreatico-
duodenectmy have been investigated [12,94-96].
Regarding these studies, the pylorus-preserving
procedure seems to have a better outcome in terms
of nausea, vomiting and postoperative weight gain as
well as working ability after six months [12]. However,
overall QoL was not significantly different and study
results showed a wide heterogeneity. A valid
conclusion is difficult due to different questionnaires
and points of time used in the studies. Due to
perioperative advantages (operation time, blood loss)
of the pylorus preserving procedure, this seems to be
favorable as long-term results are at least comparable
to the classical resection and could be superior in
long-term outcome as well.

After total pancreatectomy, complete endo- and
exocrine insufficiency are the two major factors that
affect long-term QoL. Both can successfully be
treated by supplementation of oral enzyme
application and insulin, respectively. In a study
collective of 147 patients that underwent total
pancreatectomy for mainly oncological indications,
QoL was comparable to patients undergoing a
Whipple procedure with a median 23 months follow-
up period [31]. Another study included 34 long-time
survivors after total pancreatectomy with a mean



follow-up of 7.5 years [93]. This study demonstrated
that diabetes control is a major topic for these
patients and requires recurrent hospitalizations. Other
QoL issues were not significantly affected. Both
studies show that total pancreatectomy must not be
associated with any severe deficiencies in routine
activities and underline the importance of well-
educated endocrine and exocrine substitution therapy
to achieve a long-lasting good QoL.

10. Conclusion

In conclusion, pancreatic resections for cancer
can be performed with considerable safety and low
pancreas-specific complication rates. Venous
resection should be performed when there are no
other contraindications, multivisceral and arterial
resections might be justified in selected cases as well
as resection of tumor recurrences, whereas extended
lymphadenectomy has not proven useful in pancreatic
adenocarcinoma. Additionally, all surgical approaches
should be part of interdisciplinary multimodal
treatment concepts to improve patient prognosis.
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