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Article history: As surgical resection remains the only hope for cure in pancreatic cancer (PC), more
Received 30 October 2013 aggressive surgical approaches have been advocated to increase resection rates. Venous
Accepted 4 November 2013 resection demonstrated to be a feasible technique in experienced centres, increasing
Available online 19 May 2014 survival. In contrast, arterial resection is still an issue of debate, continuing to be considered
a general contraindication to resection. In the past few years there have been significant
Keywords: advances in surgical techniques and postoperative management which have dramatically
Pancreatic cancer reduced mortality and morbidity of major pancreatic resections. Furthermore, advances in
Vascular invasion multimodal neo-adjuvant and adjuvant treatments, as well as the better understanding of
Major pancreatic resection tumour biology and new diagnostic options have increased overall survival.

In this article we highlight some of the important points that a modern pancreatic
surgeon should take into account in the management of PC with arterial involvement in
light of the recent advances.
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éSigue representando la infiltracion arterial un criterio de irresecabilidad
en el carcinoma de pancreas?

RESUMEN

Palabras clave: La reseccién quirtrgica representa en la actualidad la Unica posibilidad terapéutica para
Cancer de pancreas pacientes afectos de carcinoma de pancreas (CP). Procedimientos quirdrgicos agresivos han
Invasién vascular sido descritos en un intento de incrementar la resecabilidad. La reseccidén venosa representa
Pancreatectomia ampliada en la actualidad una técnica quirtrgica aceptada en centros con importante experiencia en

cirugia pancreatica. Por el contrario, la reseccién arterial en enfermos afectos de CP sigue
siendo una técnica muy controvertida. La infiltracién arterial en estos pacientes suele ser
considerada un criterio de irresecabilidad. En los Gltimos afios, importantes avances en la
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técnica quirtirgica y en el tratamiento postoperatorio de estos pacientes han permitido
reducir la morbimortalidad de las resecciones pancreaticas. Por otra parte, notables mejoras
en el tratamiento neoadyuvante y adyuvante asi como un mayor conocimiento en la biologia

del tumor ademas de nuevas opciones diagndsticas han permitido mejorar la supervivencia.
En el presente articulo, destacamos importantes puntos que un cirujano moderno debe
de considerar para tratar a afectados de CP con infiltracién arterial.

© 2013 AEC. Publicado por Elsevier Espaiia, S.L. Todos los derechos reservados.

Introduction

In Western countries, pancreatic cancer (PC) is the fourth and
fiftth cause of cancer-related death in men and women
respectively, with more than 100 000 deaths every year in
Europe and the U.S.A.? Approximately 80%-90% of PC are
locally advanced lesions or have systemic spread at the time of
diagnosis. For patients susceptible to surgical treatment, as
long as free margins are achieved, surgery is the only
treatment which can offer prolonged survival.?

Vascular resection in pancreatectomy for PC is a contro-
versial area. Venous involvement, as long as venous recons-
truction is possible, is a technically complex factor, but as a
concept it should not determine unresectability. Arterial
involvement has long been a contraindication for surgical
resection, due to a high morbimortality rate and limited
oncological benefit. Recently, a small number of groups have
been changing this criterion.*” The factors which have
contributed towards this change are the standardisation of
surgical procedures, the participation of general surgeons with
broad experience in vascular surgery and the centralisation of
pancreatic surgery in reference hospitals.

The anatomical location of the pancreas and its proximity
to the large abdominal blood vessels influence arterial
involvement in tumour formation processes. The common
hepatic artery (CHA), the coeliac trunk (CT) and the superior
mesenteric artery (SMA) are the vessels most frequently
affected by the tumour process. In certain cases, either
because of tumour spread itself or because of the presence
of vascular anatomical variants, other arteries such as the
right hepatic artery (RHA) are affected.*

Diagnosis

Preoperative staging is a particularly important step in
patients with PC. Its purpose is to establish lesions which
are considered borderline resectable (BRPC), those which
require neoadjuvant treatment and cases where the tumour is
inoperable or unresectable.

Portal/mesenteric venous or arterial involvement was the
established criterion for defining BRPC in the first definition
made of this concept.? Different classifications have been
subsequently described.”** In all of them, BRPC or unresec-
table lesions are defined by arterial involvement.

Computerised axial tomography (CT), PET/CT and endos-
copic ultrasound-guided (EU) fine needle biopsy have been
demonstrated as suitable methods for diagnosing and staging

PC.' CT and EU are also considered necessary tests to provide
information on arterial involvement in PC patients.?

The inclusion of arteries in the tumour mass or the
combination of a greater than 50% involvement of the arterial
circumference with irregularity or stenosis of the blood vessel
wall is radiological criteria for arterial involvement. However,
tomography assessment of the condition of the arteries in
some PC patients is difficult.'® Very often CT does not manage
to identify arterial or venous involvement** which is in fact
relatively frequent (21%-64%).">*°

Sugiyama et al. have reported that EU is more precise in
identifying portal vascular involvement than CT, ultrasound
and angiography.”” Other groups have reported similar
conclusions.’®'® However there is no unanimity on this
criterion. Vascular involvement is far more difficult to assess
using EU,"*?° which has a reported sensitivity of 50%-100%2%
23 and a specificity of 58%-100%.%%

The diagnostic precision of magnetic resonance for
vascular involvement is very similar to that of CT.**?
Therefore this diagnostic technique is reserved for patients
where CT is contraindicated; iodine allergy, renal failure or
pregnancy.

Surgical Management of Vascular Involvement

Superior Mesenteric Artery

Final confirmation of vascular infiltration is determined by
surgical exploration. In standard cephalic duodenopancrea-
tectomy, arterial involvement is usually seen on transecting
the neck of the pancreas.

The “artery first” approach is a technical modification
which enables early identification of arterial involvement in
CP patients.”® The SMA is dissected first. The neck of the
pancreas and the stomach are divided in the final part of
the resection. Plenty of different techniques have been
described under this term.”’~*

In groups which consider arterial involvement an absolute
contraindication for surgical resection, this artery-first
approach is necessaryin an attempt to avoid the late detection
of arterial spread. When this occurs, the surgeon has two
options: (1) to consider the cancerous lesion unresectable, or
(2) to resect the lesion, leaving the tumour adhered to the
affected vessel. A macroscopically positive resection margin
(R2) is always associated with poorer survival.*

In groups where arterial involvement is not a criterion for
unresectability, the artery-first approach is not as important.
However, if itis used, vascular control of the SMA and the SMV
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Fig. 1 - Cephalic duodenopancreatectomy with resection
of common hepatic artery (1) and superior mesenteric
vein (2).

is always achieved from the start of surgery; this is advisable in
patients with locally advanced tumours.

The most frequent anatomical anomaly of the hepatic
artery is a replaced right branch arising from the SMA, which
occurs in 9.8%-21% of the normal population.®” The artery-first
approach also enables the early identification and preserva-
tion of this anomaly.

In PC, involvement of the SMA appears in localised legions,
principally in the uncinate process. This involvement is
generally limited to the most distal part of the artery.
Involvement of the proximal part of the SMA near where it
stems from the aorta generally occurs in large lesions where
the SMV has also usually been infiltrated.

When there is spread to the SMA, reconstruction is
performed by end-to-end anastomosis (Fig. 1). Mobilising
both ends enables tension-free arterial reconstruction. Vas-
cular grafts are seldom used in these types of tumours.

There is little world experience with this situation and it is
reduced to groups with a high volume of pancreatic
surgery. >384

Coeliac Trunk

Distal pancreatectomy associated with splenectomy*” is the
standard oncological resection for tumours of the body and
tail of the pancreas. Resection is combined with excision of the
coeliac plexus, the lymph-nerve plexus which surrounds
the superior mesenteric vessels and the regional lymph nodes
around the pancreas. Occasionally vascular resection has to
extend to a section of the portal vein, the left adrenal gland,
the middle colic vessels and the infiltrated part of the adjacent
organs.

Distal pancreatectomy with en bloc resection of the CT has
been widely adopted in pancreatic surgery in recent years
(Fig. 2). Reported for the first time by Appleby in 1953 to achieve
a radical lymphadenectomy around the coeliac axis in

Fig. 2 - Total duodenopancreatectomy with resection
of superior mesenteric artery (1).

advanced gastric tumours,*® it was adopted by Nimura for

the treatment of pancreatic tumours of the pancreatic body.*
In 1991, Nagino®® et al. and Hishinuma et al.** described
modifications to the technique in order to preserve the
stomach if it had not been invaded by the PC. Until 2003,
fewer than 25 cases had been described in the medical
literature.*’ 95356580 gince then, the number of patients has
slightly increased, although experience is limited to a small
number of g.roups'51,52,54,55,57,61,62

The challenge of the procedure lies in performing the
resection of the coeliac trunk with its 3 visceral branches,
preserving adequate arterial flow to the liver.”®%*%* In
Appleby’s operation, hepatic vascularisation should be asses-
sed and preserved during surgery (collateral blood supply from
the SMA through the pancreaticoduodenal arcades and the
gastroduodenal artery). If it is not possible to preserve
vascularisation, the liver should be rearterialised in order to
prevent ischaemic consequences in the liver’®®*®* (Fig. 3).

Fig. 3 - Total duodenopancreatectomy with resection of the
coeliac trunk (1) and superior mesenteric vein (2).
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Similarly, the right gastric and gastroepiploic arteries should
be preserved to ensure blood supply to the stomach.

After clamping the CHA an arterial pulse should be
detected in the hepatoduodenal ligament. After that it can
be resected, and the gastroduodenal artery is always
preserved to ensure adequate blood supply to the liver.
The presence of an arterial pulse in the hepatic hilium is
usually associated with the confirmation by intraoperative
Doppler ultrasound of intrahepatic arterial flow. It is
considered that there should be an arterial flow greater
than 22 cm/s in order to prevent hepatic ischaemia and
postoperative liver failure.®®

In certain cases where after clamping it is observed that
there is: (1) no arterial flow at the hepatic hilium level, (2) a
change of liver colour and consistency (3) no intrahepatic
arterial flow (intraoperative Doppler ultrasound), it is recom-
mended that the CHA should be reconstructed. Obviously the
other reason for rearterialisation of the liver is when a total
duodenopancreatectomy is performed due to technical or
oncological circumstances.

After dividing the CT and the CHA, and after extensive
mobilisation of the proximal and distal artery ends,”>"° a
tension-free, end-to-end anastomosis is performed (Fig. 4). If
this is not possible, an autogenous®"*° (splenic, middle colic or
gastropiploic artery) or synthetic’* vascular graft imposition
can be performed.

The advantages of performing the Appleby procedure
are: (1) resectability is increased, achieving a number of
radical RO resections which would not be possible
without this procedure; (2) the patient’s quality of life is
improved through suitable control of the disabling pain
which is characteristic of the presence of cancer of the
pancreatic body and (3) there is the possibility of prolonged
survival.

Fig. 4 - Total duodenopancreatectomy with resection of the
coeliac trunk.

Right Hepatic Artery

An RHA arising from the SMA is located in the area behind the
pancreatic head, and runs through the right lateral area of
the portal vein.”>”*

This anatomical variation should be known preoperati-
vely.”” Inadvertently injuring an anomalous RHA can cause
major complications in the early postoperative period (biliary
fistula, ischaemia or the formation of liver abscesses) or later
(stenosis of the bilioenteric anastomosis).”®””

This anatomical anomaly poses a surgical challenge for PC
patients. Not resecting a replaced or accessory RHA during a
duodenopancreatectomy can occasionally result in an incom-
plete resection. Furthermore, single arterial ligation might be
associated with significant morbidity. It can only be performed
on patients who have a type-six arterial anomaly according to
Michel’s classification.”>”%7?

Several publications have reported that the resection and
reconstruction of the RHA is possible and safe. %' If the
section or lesion is in its most distal part, the diameter and
characteristics of the artery make it difficult to perform
vascular reconstruction. In this situation it is advisable to
perform this using a microsurgical technique. In the area of
digestive surgery, especially gastrointestinal and hepatobi-
liary pancreatic surgery, surgeons are occasionally faced with
the need to reconstruct blood vessels of very small diame-
ters®?#; they very often require the help of plastic surgeons in
order to do so. Therefore, it is a valuable asset for any surgical
department if general surgeons have acquired experience in
microsurgery techniques and this offers a solution to major
vascular problems.

Preoperative Vascular Embolisation

Preoperative embolisation has been performed on patients
with an RHA arising from the SMA, with the intention of
increasing hepatic blood flow through the left hepatic artery.?’
Collateral circulation develops ten days after embolisation. If
possible, surgery should be postponed until this collaterality is
sufficient to prevent liver complications secondary to ischae-
mia. In our opinion and that of other groups,®® this technique
should be selectively indicated for patients for whom it is
suspected, due to technical circumstances, that safe arterial
reconstruction is not possible.

Another different aspect is preoperative embolisation in
patients with PC which involves the coeliac trunk. With the
intention of avoiding arterial reconstruction after radical
resection, embolisation of the CHA can be performed
preoperatively aimed at developing collaterality originating
from the SMA.? This is an excellent alternative for patients for
whom, due to anatomical or technical circumstances, surgical
reconstruction cannot provide adequate arterial flow to the
liver. Without reconstruction, “natural hepatic arterialisa-
tion” after pancreatectomy with resection of the CT develops
in very few days (Fig. 5).

Minimally Invasive Surgery

Vascular resection in patients with PC using minimally
invasive surgical techniques poses a real surgical challenge.
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Fig. 5 — Postoperative radiological check of “natural hepatic
arterialisation” after extended distal pancreatectomy
(90%) with en bloc resection of the coeliac trunk.
Revascularisation through the pancreaticoduodenal
arcades and gastroduodenal artery.

Despite the little experience in this field with laparoscopic
surgery, the results obtained with venous resections®
offer hope for the future. The only reference on arterial
resection using this approach was performed in two
stages.””

Robotic-assisted surgery (RS) is an excellent alternative
within minimally invasive surgery. Since it started in 1997,%% it
has progressed constantly and progressively and has revolu-
tionised the concept of modern surgery. RS offers a solution to
many of the shortcomings of laparoscopic surgery.”

Many of the greatest advances in RS have taken place in the
area of pancreatic surgery.”*® Using this innovative robotic
system, it has been possible to undertake highly complex
procedures with similar results to those obtained with open
surgery.%+95:%

It has been possible to undertake resection of the
mesenteric-portal axis using the robotic-assisted system with
satisfactory results.”>°° For Appleby’s operation using robotic
assistance, Guilionotti® performed a posterior approach
towards the coeliac trunk described in open surgery.**
Although the 2 surgical procedures performed were underta-
ken for locally advanced tumours, the surgical time and
intraoperative blood loss were appropriate to the characte-
ristics of this complex surgical procedure.

Justification for Performing Arterial Resections
in patients With Pancreatic Gancer

Technical Justification

One of the major complications of radical pancreatic surgery is
the formation of a pseudoaneurysm.'°>"'% This is manifested
clinically by spontaneous rupture into the peritoneal cavity or
the gastrointestinal tract.'*'%

In the absence of complications after pancreatic recons-
truction, it has been suggested that skeletisation of the
visceral arteries when excising perineural and lympho-
adipose tissue could affect the involvement of the vascular
wall.'®*'% In other cases it might be associated with an
adjacent focus of infection.*®®

It is not always easy to recognise the arterial lesion during
radical surgery. Very often after performing extensive vascu-
lar dissections, the artery presents a transmural haematoma
or a loss of its consistency might be observed. In these cases
resection of the affected artery is fully justified. However the
presence of an artery with apparently normal characteristics
after complex dissection does not rule out a parietal lesion.
Alteration of the arterial wall makes it necessary to resect the
affected vessel.

The prognosis of patients with postoperative arterial
pseudoaneurysms depends on 3 factors: the time it occurred,
early diagnosis and the possibility of treatment using
interventional radiological techniques.'**%7~110

Oncological Justification

Significance of Arterial Involvement

There are two different theories which define the meaning of
vascular involvement and justify which therapeutic approach
to use:

1. Arterial involvement defines a more aggressive tumour.
Micrometastatic spread not noticed at the time of presen-
tation limits the oncological benefit of radical surgery, even
when the resection was R0.'*"*?

2. Vascular spread does not predict a more aggressive tumour,
but reflects the location of the lesion. This theory would
enable radical resection to be justified including the arterial

axis, 113114

With the exception of large tumours, it appears that the
presence of arterial involvement is not connected with risk
factors and traditional prognoses, such as metastatic lymph
spread, perineural infiltration, tumour differentiation and the
high rate of resections with positive margins.'** Rehders
et al.'™ have also confirmed that there is no correlation
between vascular spread and the incidence of spread of
tumour cells. These findings are consistent with the hypothe-
sis that the presence of arterial involvement is an indicator of
unfavourable tumour topography rather than an indicator
of adverse tumour biology.

Importance of Free Margins

The surgical margins of PC patients are not well defined.'*®
According to the NCCN clinical guidelines,'’ the margins in
pancreatoduodenectomy are: SMA margin (retroperitoneal/
uncinate), posterior margin, margin of the portal vein groove,
the portal vein itself, margin of pancreatic neck transection
and the margin of the bile duct.

Although there is some debate as to the significance of the
involvement of the margins in terms of the patient’s
prognosis,*'”'*'€ the objective of surgical treatment of PC must
always be to achieve an RO tumour resection. Although long-
term survival after R1 resections has been described,””*'** any
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incomplete resection (R1 or R2) should be considered
palliative.”*'?> R1 or R2 resection should be avoided by
undertaking a suitable preoperative study and appropriate
surgical technique.'***%

Arterial resection appears to be justified in a select number
of patients in whom otherwise it would not be possible to
achieve an RO resection.

Lack of Knowledge of the Evolution of the Tumour
The mean survival achieved for PC patients after radical
surgical resection has slightly improved. Current total survival
at 5 and 10 years is 19% and 10% respectively.'?° The former is
2% greater than that described by the same group 21 years
earlier.’®” Other groups have achieved similar outcomes.*?**2?

Prolonged survival has been described recently for PC
patients after multidisciplinary treatments.'?®*3%**! [n gene-
ral these patients have small tumours which are well
differentiated, with no lymph node involvement and with
no involvement of the resection margins. But this is not always
the case. Prolonged survival has been observed in patients
with locally advanced and even metastatic tumours.”*° These
results demonstrate the heterogeneity of the biological
behaviour of PC. In certain cases, it is the biology of the
cancer rather than the traditional factors that determines
the patients’ prognosis.

Performingradical surgery with free margins is an essential
requirement in order to achieve prolonged survival.

Current Status of Neoadjuvant and Adjuvant Treatments

New and interesting concepts which have arisen in recent
years have produced changes in the therapeutic strategy of
patients with PC:

PC is the result of successive accumulation of genetic
mutations.® The majority of patients carry one or more
genetic defects.'®>'3*

PC has a dense stroma."*>'*° Pancreatic stellite cells (or
myofibrobasts) play a major role in the formation and renewal
of the stroma.’ ™% Not simply a mechanical barrier, the
stroma participates in the formation, progression and pro-
duction of metastasis.'***® Stroma cells express a variety of
proteins which have been associated with resistance to
treatment and as a consequence poor prognosis. These
proteins constitute new therapeutic targets.***%°

Therapy directed at modifying the stroma facilitates an
increase in tumour vascularisation with the consequent
increase in the diffusion of drugs into pancreatic tumours.
This aspect improves the efficacy of these drugs.'*!

Within the tumours, a subset of neoplastic cells has been
identified with pluripotential properties.’**'**> In PC these
stem cells (1%-5% of the tumour population) are resistant to
radiation and chemotherapy, which could explain the lack of
efficacy of these treatments and the recent interest in
directing treatment at these specific cells."*>"**

Gemcitabine has been the treatment of choice for PC'** in
recent years. Several agents with mechanisms of action
different from gemcitabine have been combined in a variety
of clinical studies without improved results.’****’ The only
agent which in combination with gemcitabine has demons-
trated a slight improvement in the survival of PC patients is
erlotinib (molecular epidermal growth factor inhibitor).**®

New concepts with regard to the characteristics of CP are
opening up new and promising therapeutic perspectives.
The new drugs include small signalling pathway inhibitor
molecules and oncogenes.'**7**® The recognition of the fact
that both the tumour microenvironment and the neoplastic
stem cells are critical elements of PC has resulted in the
development of agents such as hedgehog signalling pathway
inhibitors which block these components.'3®41:143.144 The
possibility of there being preclinical models available to
review the complexity of this disease helps to establish
strategies and priorities for the development of new drugs
and innovative therapies.’®” The genomic complexity of
PC demonstrates the heterogeneity of this type of cancer
and makes it advisable to use individualised treatment
methods.*®

Conclusions

A great many medical experts have long remained sceptical
and non-discriminatory with regard to PC, especially in terms
of the role played by radical surgery. This attitude was justified
by the limited available therapies. It is clear that the situation
has changed as a consequence of the advances achieved in the
last 10 years. These advances which have repercussions on
the medical and surgical specialities involved in the diagnosis
and treatment of the tumour process enable the problem to be
viewed differently.

Current results cannot be considered exceptional as yet.
However, it is undeniable that a novel and promising
therapeutic pathway has been established based on biological
knowledge of the tumour process.

Surgeons involved in these morbid processes cannot
remain on the sidelines of this new situation. The principal
objective of the surgical treatment they provide should be to
achieve resections with free margins. This can completely
change the patients’ expectations. The vascular structures
affected by the tumour should not be an impediment to
undertaking radical treatment in a very select group of
patients. Precise knowledge of the site of the tumour and
suitable experience in digestive tract and vascular surgery will
be decisive factors in achieving good outcomes from surgical
treatment.

For selected patients with PC, arterial resection should be
considered as a technical option in the current surgical
arsenal. This technical possibility should be incorporated into
modern multidisciplinary treatment. Its use outside this
context is questionable.

Conflict of Interests

The authors have no conflict of interest to declare and have
received no funding.

Acknowledgements

The authors would like to thank Isabel de Salas and Pablo Ruiz
for their collaboration in this article.



CIR ESP. 2014;92(5):

311

305-315

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA

Cancer J Clin. 2010;60:277-300.

. Cancer facts and figures 2006. American Cancer Society,

Inc. Surveillance Research. 2006

. Gaedcke J, Gunawan B, Grade M, Szdke R, Liersch T, Becker

H, et al. The mesopancreas is the primary site for R1
resection in pancreatic head cancer: relevance for clinical
trials. Langenbecks Arch Surg. 2010;395:451-8.

. Amano H, Miura F, Toyota N, Wada K, Katoh K, Hayano K,

et al. Is pancreatectomy with arterial reconstruction a safe
and useful procedure for locally advanced pancreatic
cancer? ] Hepatobiliary Pancreat Surg. 2009;16:850-7.

. Ravikumar R, Holroyd D, Fusai G. Is there a role for arterial

reconstruction in surgery for pancreatic cancer? World J
Gastrointest Surg. 2013;5:27-9.

. Takahashi S, Kinoshita T, Konishi M, Gotohda N, Kato Y,

Kinoshita T, et al. Borderline resectable pancreatic cancer:
rationale for multidisciplinary treatment. ] Hepatobiliary
Pancreat Sci. 2011;18:567-74.

. Callery MP, Chang KJ, Fishman EK, Talamonti MS, William

Traverso L, Linehan DC. Pretreatment assessment of
resectable and borderline resectable pancreatic cancer:
Expert consensus statement. Ann Surg Oncol.
2009;16:1727-33.

. Mehta VK, Fisher G, Ford JA, Poen JC, Vierra MA,

Oberhelman H, et al. Preoperative chemoradiation for
marginally resectable adenocarcinoma of the pancreas.
J Gastrointest Surg. 2001;5:27-35.

. Varadhachary GR, Tamm EP, Abbruzzese JL, Xiong HQ,

Crane CH, Wang H, et al. Borderline resectable pancreatic
cancer: definitions, management, and role of preoperative
therapy. Ann Surg Oncol. 2006;13:1035-46.

Katz MH, Pisters PW, Evans DB, Sun CC, Lee JE, Fleming JB,
et al. Borderline resectable pancreatic cancer: the
importance of this emerging stage of disease. ] Am Coll
Surg. 2008;206:833-46. discussion 846-838.

National Comprehensive Cancer Network (NCCN). Practice
guidelines for pancreatic cancer; 2012.

Li H, Zeng MS, Zhou KR, Jin DY, Lou WH. Pancreatic
adenocarcinoma: the different CT criteria for
peripancreatic major arterial and venous invasion.

J Comput Assist Tomogr. 2005;29:170-5.

Buchs NC, Chilcott M, Poletti PA, Buhler LH, Morel P.
Vascular invasion in pancreatic cancer: imaging
modalities, preoperative diagnosis and surgical
management. World ] Gastroenterol. 2010;16:818-31.
Snady H, Bruckner H, Siegel J, Cooperman A, Neff R, Kiefer
L. Endoscopic ultrasonographic criteria of vascular
invasion by potentially resectable pancreatic tumors.
Gastrointest Endosc. 1994;40:326-33.

Arslan A, Buanes T, Geitung JT. Pancreatic carcinoma: MR,
MR and angiography and dynamic helical CT in the
evaluation of vascular invasion. Eur ] Radiol. 2001;38:151-9.
Megibow AJ, Zhou XH, Rotterdam H, Francis IR, Zerhouni
EA, Balfe DM, et al. Pancreatic adenocarcinoma: CT versus
MR imaging in the evaluation of resectability—report of the
Radiology Diagnostic Oncology Group. Radiology.
1995;195:327-32.

Sugiyama M, Hagi H, Atomi Y, Saito M. Diagnosis of portal
venous invasion by pancreatobiliary carcinoma: value

of endoscopic ultrasonography. Abdom Imaging.
1997;22:434-8.

Kahl S, Glasbrenner B, Zimmermann S, Malfertheiner P.
Endoscopic ultrasound in pancreatic diseases. Dig Dis.
2002;20:120-6.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

33.

34.

35.

36.

37.

Buchs NC, Frossard JL, Rosset A, Chilcott M, Koutny-Fong P,
Chassot G, et al. Vascular invasion in pancreatic cancer:
evaluation of endoscopic ultrasonography, computed
tomography, ultrasonography, and angiography. Swiss
Med Wkly. 2007;137:286-91.

Aslanian H, Salem R, Lee ], Andersen D, Robert M, Topazian
M. EUS diagnosis of vascular invasion in pancreatic cancer:
surgical and histologic correlates. Am J Gastroenterol.
2005;100:1381-5.

Tierney WM, Francis IR, Eckhauser F, Elta G, Nostrant TT,
Scheiman JM. The accuracy of EUS and helical CT in the
assessment of vascular invasion by peripapillary
malignancy. Gastrointest Endosc. 2001;53:182-8.
Rivadeneira DE, Pochapin M, Grobmyer SR, Lieberman MD,
Christos PJ, Jacobson I, et al. Comparison of linear array
endoscopic ultrasound and helical computed tomography
for the staging of periampullary malignancies. Ann Surg
Oncol. 2003;10:890-7.

Schwarz M, Pauls S, Sokiranski R, Brambs HJ, Glasbrenner
B, Adler G, et al. Is a preoperative multidiagnostic approach
to predict surgical resectability of periampullary tumors
still effective? Am J Surg. 2001;182:243-9.

Ichikawa T, Haradome H, Hachiya J, Nitatori T, Ohtomo K,
Kinoshita T, et al. Pancreatic ductal adenocarcinoma:
preoperative assessment with helical CT versus dynamic
MR imaging. Radiology. 1997;202:655-62.

Schima W, Fiigger R, Schober E, Oettl C, Wamser P,
Grabenwoger F, et al. Diagnosis and staging of pancreatic
cancer: comparison of mangafodipir trisodium-enhanced
MR imaging and contrast-enhanced helical hydro-CT. AJR
Am ] Roentgenol. 2002;179:717-24.

Pessaux P, Varma D, Arnaud J. Pancreatoduodenectomy:
superior mesenteric artery first approach. J Gastrointest
Surg. 2006;10:607-11.

Partensky C. Pancreatoduodenectomy with a superior
mesenteric artery first approach. J Chir (Paris).
2008;145:598-600.

Popescu I, David L, Dumitra AM, Dorobantu B. The
posterior approach in pancreaticoduodenectomy:
preliminary results. Hepatogastroenterology.
2007;54:921-6.

Xu YF, Liu ZJ, Gong JP. Pancreaticoduodenectomy with
early superior mesenteric artery dissection. Hepatobiliary
Pancreat Dis Int. 2010;9:579-83.

Dumitrascu T, David L, Popescu L. Posterior versus standard
approach in pancreatoduodenectomy: case-match study.
Langenbecks Arch Surg. 2010;395:677-984.

Hackert T, Werner J, Weitz J, Schmidt J, Buchler MW.
Uncinate process first. A novel approach for pancreatic
head resection. Langenbecks Arch Surg. 2010;395:1161-4.
Weitz JJ, Rahbari N, Koch M, Buchler MW. The artery first
approach for resection of pancreatic head cancer. ] Am Coll
Surg. 2010;210:e1-4.

Kurosaki I, Minagawa M, Takano K, Takizawa K,
Hatakeyama K. Left posterior approach to the superior
mesenteric vascular pedicle in pancreaticoduodenectomy
for cancer of the pancreatic head. JOP. 2011;12:220-9.
Hirota M, Kanemitsu K, Takamori H, Chikamoto A,
Tanaka H, Sugita H, et al. Pancreatoduodenectomy
using a no-touch isolation technique. Am J Surg.
2010;199:e65-8.

Raut CP, Tseng JF, Sun CC, Wang H, Wolff RA, Crane CH,
et al. Impact of resection status on pattern of failure and
survival after pancreaticoduodenectomy for pancreatic
adeno-carcinoma. Ann Surg. 2007;246:52-60.

Shukla PJ, Barreto SG, Kulkarni A, Nagarajan G, Fingerhut
A. Vascular anomalies encountered during pancreato-
duodenectomy: do they influence outcomes? Ann Surg
Oncol. 2010;17:186-93.


http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0005
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0005
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0015
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0015
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0015
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0015
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0020
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0020
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0020
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0020
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0025
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0025
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0025
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0030
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0030
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0030
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0030
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0035
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0035
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0035
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0035
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0035
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0040
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0040
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0040
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0040
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0045
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0045
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0045
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0045
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0050
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0050
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0050
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0050
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0060
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0060
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0060
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0060
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0065
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0065
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0065
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0065
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0070
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0070
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0070
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0070
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0075
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0075
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0075
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0080
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0080
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0080
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0080
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0080
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0085
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0085
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0085
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0085
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0090
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0090
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0090
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0100
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0100
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0100
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0100
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0105
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0105
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0105
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0105
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0110
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0110
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0110
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0110
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0110
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0115
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0115
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0115
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0115
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0120
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0120
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0120
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0120
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0125
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0125
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0125
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0125
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0125
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0130
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0130
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0130
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0135
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0135
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0135
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0140
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0140
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0140
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0140
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0145
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0145
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0145
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0150
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0150
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0150
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0155
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0155
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0155
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0160
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0160
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0160
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0165
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0165
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0165
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0165
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0170
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0170
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0170
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0170
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0175
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0175
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0175
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0175
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0180
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0180
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0180
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0180

312

CIR ESP. 2014;92(5):

305-315

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Bachellier P, Rosso E, Lucescu I, Oussoultzoglou E, Tracey J,
Pessaux P, et al. Is the need for an arterial resection a
contraindication to pancreatic resection for locally
advanced pancreatic adenocarcinoma? A case-matched
controlled study. ] Surg Oncol. 2011;103:75-84.

Ouaissi M, Hubert C, Verhelst R, Astarci P, Sempoux C,
Jouret-Mourin A, et al. Group of Center of Cancer.
Vascular reconstruction during pancreatoduodenectomy
for ductal adenocarcinoma of the pancreas improves
resectability but does not achieve cure. World J Surg.
2010;34:2648-61.

Li B, Chen FZ, Ge XH, Cai MZ, Jiang JS, Li JP, et al.
Pancreatoduodenectomy with vascular reconstruction in
treating carcinoma of the pancreatic head. Hepatobiliary
Pancreat Dis Int. 2004;3:612-5.

Martin 2nd RC, Scoggins CR, Egnatashvili V, Staley CA,
McMasters KM, Kooby DA. Arterial and venous resection
for pancreatic adenocarcinoma: operative and long-term
outcomes. Arch Surg. 2009;144:154-9.

Wang C, Wu H, Xiong J, Zhou F, Tao J, Liu T, et al.
Pancreaticoduodenectomy with vascular resection for local
advanced pancreatic head cancer: a single center
retrospective study. ] Gastrointest Surg. 2008;12:2183-90.
Yekebas EF, Bogoevski D, Cataldegirmen G, Kunze C,
Marx A, Vashist YK, et al. En bloc vascular resection for
locally advanced pancreatic malignancies infiltrating
major blood vessels: perioperative outcome and long- term
survival in 136 patients. Ann Surg. 2008;247:300-9.

. Nakao A, Takeda S, Inoue S, Nomoto S, Kanazumi N,

Sugimoto H, et al. Indications and techniques of
extended resection for pancreatic cancer. World J Surg.
2006;30:974-83. discussion 976-982.

Chromik AM, Janot M, Sulberg D, Seelig MH, Uhl W. Distal
pancreatectomy: Radical or spleen-preserving? Chirurg.
2008;12:1123-33.

Appleby LH. The coeliac axis in the expansion of the
operation for gastric. Cancer. 1953;6:704-7.

Mayumi T, Nimura Y, Kamiya J, Kondo S, Nagino M,
Kanai M, et al. Distal pancreatectomy with en bloc
resection of the celiac artery for carcinoma of the body
and tail of the pancreas. Int ] Pancreatol. 1997;22:15-21.
Nagino M, Nimura Y, Hayakawa N, Kamiya J, Kondo S.
Appleby’s operation for pancreas cancer (in Japanese). Tan
to Sui. 1991;12:1361-8.

Hishinuma S, Ogata Y, Matusui J, Ozawa I, Inada T, Shi-
mizu H, et al. Two cases of cancer of the pancreatic body
undergoing gastric preservation with distal
pancreatectomy combined with resection of the celiac axis.
Nippon Shoukaki Geka Gakkai Zasshi. 1991;24:2782-6.
Kondo S, Katoh H, Hirano S, Ambo Y, Tanaka E, Okushiba
S, et al. Results of radical distal pancreatectomy with en
bloc resection of the celiac artery for locally advanced
cancer of the pancreatic body. Langenbeck’s Arch Surg.
2003;388:101-6.

Hirano S, Kondo S, Hara T, Ambo Y, Tanaka E, Shichinohe
T, et al. Distal pancreatectomy with en bloc celiac axis
resection for locally advanced pancreatic body cancer:
long-term results. Ann Surg. 2007;246:46-51.

Wu X, Tao R, Lei R, Han B, Cheng D, Shen B, et al. Distal
pancreatectomy combined with celiac axis resection in
treatment of carcinoma of the body/tail of the pancreas: a
single-center experience. Ann Surg Oncol. 2010;17:1359-66.
Kondo S, Katoh H, Omi M, Hirano S, Ambo Y, Tanaka E,
et al. Radical distal pancreatectomy with en bloc resection
of the celiac artery, plexus, and ganglions for advanced
cancer of the pancreatic body: a preliminary report on
perfect pain relief. JOP. 2001;2:93-7.

Gagandeep S, Artinyan A, Jabbour N, Mateo R, Matsuoka L,
Sher L, et al. Extended pancreatectomy with resection of

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

the celiac axis: the modified Appleby operation. Am J Surg.
2006;192:330-5.

Kondo S, Katoh H, Hirano S, Ambo Y, Tanaka E, Maeyama Y,
et al. Ischemic gastropathy after distal pancreatectomy with
celiac axis resection. Surg Today. 2004;34:337—40.

Konishi M, Kinoshita T, Nakagori T, Inoue K, Oda T,

Kimata T, et al. Distal pancreatectomy with resection of
the celiac axis and reconstruction of the hepatic artery

for carcinoma of the body and tail of the pancreas.

] Hepatobiliary Pancreat Surg. 2000;7:183-7.

Denecke T, Andreou A, Podrabsky P, Grieser C, Warnick P,
Bahra M, et al. Distal pancreatectomy with en bloc
resection of the celiac trunk for extended pancreatic tumor
disease: an interdisciplinary approach. Cardiovasc
Intervent Radiol. 2011;34:1058-64.

Kimura W, Han I, Furukawa Y, Sunami E, Futakawa N,
Inoue T, et al. Appleby operation for carcinoma of the body
and tail of the pancreas. Hepatogastroenterology.
1997;44:387-93.

Liu B. Modified Appleby operation in treatment of distal
pancreatic cancer. Hepatobiliary Pancreat Dis Int.
2003;2:622-5.

Makary MA, Fishman EK, Cameron JL. Resection of the celi-
ac axis for invasive pancreatic cancer. ] Gastrointest Surg.
2005;9:503-7.

Boggi U, del Chiaro M, Croce C, Vistoli F, Signori S,
Moretto C, et al. Prognostic implications of tumor invasion
or adhesion to peripancreatic vessels in resected
pancreatic cancer. Surgery. 2009;146:869-81.

Baumgartner JM, Krasinskas A, Daouadi M, Zureikat A,
Marsh W, Lee K, et al. Distal pancreatectomy with en bloc
celiac axis resection for locally advanced pancreatic
adenocarcinoma following neoadjuvant therapy.

J Gastrointest Surg. 2012;16:1152-9.

Hirai I, Kimura W, Kamiga M, Mizutani M, Takeshita A,
Watanabe T, et al. The significance of intraoperative
Doppler ultrasonography in evaluating hepatic arterial flow
when assessing the indications for the Appleby procedure
for pancreatic body cancer. ] Hepatobiliary Pancreat Surg.
2005;12:55-60.

Yamaguchi K, Nakano K, Kobayashi K, Ogura Y,

Konomi H, Sugitani A, et al. Appleby operation for
pancreatic body-tail carcinoma: Report of three cases.
Surg Today. 2003;33:873-8.

Vicente E, Quijano Y, Loinaz C, Conradi R, Maches F,
Cordoba L, et al. Surgical aspects of liver arterialization
after pancreatectomy with celiac axis resection for locally
advanced cancer of the pancreatic body. HPB. 2007;9 Suppl.
1:95.

Vicente E, Quijano Y, Loinaz C, Conradi RD, Marcello M,
Galindo P, et al. Extended pancreatectomy with resection
of the celiac axis for locally advanced cancer of the pancreatic
body. Surgical aspects related with the re-arterialization of
the liver and results. HPB. 2009;9 Suppl. 1:99.

Vicente E, Quijano Y, Galindo P, Conradi RD, Duran H,
Loinaz C, et al. Modified Appleby operation for pancreatic
body carcinoma with celiac axis involvement. HPB. 2009;11
Suppl. 2:44.

Vicente E, Quijano Y, Esteban E, Galindo P, Conradi RD,
Duran H, et al. Radical surgical treatment for pancreatic
body malignancies with celiac axis involvement: Liver
re-arterialization techniques and results. HPB. 2009;11
Suppl. 2:75.

Vicente E, Quijano Y, Loinaz C, Conradi RD, Marcello M,
Galindo P, et al. Radical distal pancreatectomy with en bloc
celiac axis resection for locally advanced cancer of the
pancreatic body. Hepatogastroenterology. 2009;56.

Vicente E, Quijano Y, Duran H, Esteban E, Marcello M,
Conradi R, et al. Locally advanced malignancies of the


http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0185
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0185
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0185
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0185
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0185
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0190
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0190
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0190
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0190
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0190
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0190
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0195
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0195
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0195
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0195
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0200
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0200
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0200
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0200
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0205
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0205
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0205
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0205
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0210
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0210
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0210
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0210
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0210
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0215
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0215
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0215
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0215
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0220
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0220
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0220
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0225
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0225
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0230
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0230
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0230
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0230
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0235
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0235
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0235
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0240
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0240
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0240
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0240
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0240
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0245
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0245
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0245
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0245
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0245
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0250
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0250
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0250
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0250
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0255
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0255
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0255
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0255
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0260
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0260
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0260
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0260
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0260
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0265
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0265
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0265
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0265
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0270
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0270
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0270
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0275
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0275
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0275
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0275
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0275
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0280
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0280
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0280
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0280
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0280
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0285
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0285
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0285
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0285
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0290
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0290
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0290
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0295
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0295
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0295
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0300
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0300
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0300
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0300
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0305
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0305
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0305
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0305
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0305
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0310
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0310
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0310
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0310
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0310
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0310
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0315
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0315
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0315
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0315
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0320
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0320
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0320
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0320
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0320
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0325
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0325
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0325
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0325
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0325
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0330
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0330
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0330
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0330
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0335
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0335
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0335
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0335
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0335
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0340
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0340
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0340
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0340
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0345
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0345

CIR ESP. 2014;92(5):305-315 313

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

pancreatic body: celiac axis resection and subsequent liver
rearterialization techniques. HPB. 2010;12 Suppl. 1:97.
lelpo B, Ferri V, Caruso R, Duran H, Diaz E, Fabra I, et al.
Alternative arterial reconstruction after extended
pancreatectomy. Case report and some considerations

of locally advanced pancreatic cancer. JOP. 2013;14:432-7.
Michels NA. Newer anatomy of the liver and its variant
blood supply and collateral circulation. Am J Surg.
1966;112:337-47.

Balachandran A, Darden DL, Tamm EP, Faria SC, Evans DB,
Charnsangavej CH. Arterial variants in pancreatic
adenocarcinoma. Abdom Imaging. 2008;33:214-21.

Koops A, Wojciechowski B, Broering DC, Adam G, Krupski-
Berdien G. Anatomic variations of the hepatic arteries in
604 selective celiac and superior mesenteric angiographies.
Surg Radiol Anat. 2004;26:239-44.

Biehl TR, Traverso LW, Hauptmann E, Ryan Jr JA.
Preoperative visceral angiography alters intraoperative
strategy during the Whipple procedure. Am J Surg.
1993;165:607-12.

Northover JMA, Terblanche J. A new look at the arterial
supply of the bile duct in man and its surgical implications.
Br ] Surg. 1979;66:379-84.

Traverso LW, Freeny PC. Pancreaticoduodenectomy: the
importance of preserving hepatic blood flow to prevent
biliary fistula. Am Surg. 1989;55:421-6.

Yamamoto S, Kubota K, Rokkaku K, Nemoto T, Sakuma A.
Disposal of replaced common hepatic artery coursing
within the pancreas during pancreatoduodenectomy:
Report of a case. Surg Today. 2005;35:984-7.

Varty PP, Yamamoto H, Farges O, Belghiti ], Sauvanet A.
Early retropancreatic dissection during
pancreaticoduodenectomy. Am J Surg. 2005;189:488-91.
Yang SH, Yin YH, JangJY, Lee SE, Chung JW, Suh KS, et al.
Assessment of hepatic arterial anatomy in keeping

with preservation of the vasculature while performing
pancreatoduodenectomy: an opinion. World J Surg.
2007;31:2384-91.

Allendorf JD, Bellemare S. Reconstruction of the replaced
right hepatic artery at the time of
pancreaticoduodenectomy. ] Gastrointest Surg.
2008;13:555-7.

Uchiyama H, Shirabe K, Morita M, Kakeji Y, Taketomi A,
Soejima Y, et al. Expanding the applications of
microvascular surgical techniques to digestive surgeries:
a technical review. Surg Today. 2012;42:111-20.

Vicente E, Lopez Santamaria M, Gdmez M, Murcia J, Quijano
Y, Nuiio J, et al. Liver transplantation in children from
living related donor. HPB. 2001;3:52.

Vicente E, Quijano Y, Loinaz C, Monroy C, Prieto I, Beni R,
et al. Vascular resection (portal vein, superior mesenteric
vein and hepatic artery) in HPB surgery. ] Gastrointestinal
Surg. 2005;9:559.

Vicente E, Quijano Y, Marcello ME, Galindo P, Duran H,
Diaz-Reques E, et al. Surgical technique of arterial resection
in radical pancreatic surgery. HPB. 2011;13 Suppl. 1:72.
Vicente E, Quijano Y, Loinaz C, Conradi RC, Marcello M,
Galindo P, et al. Combined resection of giant pancreatic
head tumor with superior mesenteric vein and right
hepatic artery. Hepatogastroenterology. 2009;56.
Miyamoto N, Kodama Y, Endo H, Shimizu T, Miyasaka K,
Tanaka E, et al. Embolization of the replaced common
hepatic artery before surgery for pancreatic head cancer:
Report of a case. Surg Today. 2004;34:619-22.

Turrini O, Wiebke EA, Delpero JR, Viret F, Lillemoe KD,
Schmidt CM. Preservation of replaced or accessory right
hepatic artery during pancreaticoduodenectomy for
adenocarcinoma: Impact on margin status and survival.

] Gastrointest Surg. 2010;14:1813-9.

89. Takasaka I, Kawai N, Sato M, Tanihata H, Sonomura T,
Minamiguchi H, et al. Preoperative microcoil embolization
of the common hepatic artery for pancreatic body cancer.
World ] Gastroenterol. 2012;18:1940-5.

90. Kendrick ML, Sclabas GM. Major venous resection during
total laparoscopic pancreaticoduodenectomy. HPB
(Oxford). 2011;13:454-8.

91. Raut V, Takaori K, Kawaguchi Y, Mizumoto M, Kawaguchi
M, Koizumi M, et al. Laparoscopic common hepatic artery
ligation and staging followed by distal pancreatectomy
with en bloc resection of celiac artery for advanced
pancreatic cancer. Asian J Endosc Surg. 2001;4:199-202.

92. Himpens J, Leman J, Cadiere GGB. Telesurgical laparoscopic
cholecystectomy. Surg Endosc. 1998;12:1091.

93. Ewing DR, Pigazzi A, Wang Y, Ballantyne GH. Robots in the
operating room-The history. Semin Laparosc Surg.
2004;11:63-71.

94. Fernandes E, Giulianotti PC. Robotic-assisted pancreatic
surgery. ] Hepatobiliary Pancreat Sci. 2013.

95. Boggi U, Signori S, de Lio N, Perrone VG, Vistoli F,
Belluomini M, et al. Feasibility of robotic
pancreaticoduodenectomy. Br J Surg. 2013;100:917-25.

96. Winer J, Can MF, Bartlett DL, Zeh HJ, Zureikat AH. The
current state of robotic-assisted pancreatic surgery. Nat
Rev Gastroenterol Hepatol. 2012;9:468-76.

97. Zeh 3rd HJ, Bartlett DL, Moser AJ. Robotic-assisted major
pancreatic resection. Adv Surg. 2011;45:323-40.

98. Giulianotti PC, Sbrana F, Bianco FM, Elli EF, Shah G, Addeo
P, et al. Robot-assisted laparoscopic pancreatic surgery:
single-surgeon experience. Surg Endosc. 2010;24:1646-57.

99. Giulianotti PC, Addeo P, Buchs NC, Ayloo SM, Bianco FM.
Robotic extended pancreatectomy with vascular resection
for locally advanced pancreatic tumors. Pancreas.
2011;40:1264-70.

100. Rumstadt B, Schwab M, Korth P, Samman M, Trede M.
Hemorrhage after pancreatoduodenectomy. Ann Surg.
1998,;227:236-41.

101. Van Berge Henegouwen MI, Allema JH, van Gulik TM,
Verbeek PCM, Obertop H, Gouma DJ. Delayed massive
haemorrhage after pancreatic and biliary surgery. Br J Surg.
1995;82:1527-31.

102. Santoro R, Carlini M, Carboni F, Nicolas C, Santoro E.
Delayed massive arterial hemorrhage after
pancreaticoduodenectomy for cancer. Management of a
life-threatening complication. Hepatogastroenterology.
2003;50:2199-204.

103. Esteban E, Galindo P, Conradi RD, Marcello M, Duran H,
Loinaz C, et al. Severe haemorrhagic complications due
to arterial pseudoaneurisms after radical
hepatopancreatobiliary tumor resections. HPB. 2010;12
Suppl. 1:399.

104. Reber PU, Baer HU, Patel AG, Wildi S, Triller J, Blichler MW.
Superselective microcoil embolization: Treatment
of choice in high-risk patients with extrahepatic
pseudoaneurysms of the hepatic arteries. ] Am Coll Surg.
1998;186:325-30.

105. Sugimoto H, Kaneko T, Ishiguchi T, Takai K, Ohta T, Yagi Y,
et al. Delayed rupture of a pseudoaneurysm following
pancreatoduodenectomy: report of a case. Surg Today.
2001;31:932-5.

106. Choi SH, Moon HJ, Heo JS, Joh JW, Kim YI. Delayed
hemorrhage after pancreaticoduodenectomy. ] Am Coll
Surg. 2004;199:186-91.

107. Fujii Y, Shimada H, Endo I, Yoshida K, Matsuo K, Takeda K,
et al. Management of massive arterial hemorrhage after
pancreatobiliary surgery: does embolotherapy contribute
to successful outcome? ] Gastrointest Surg. 2007;11:432-8.

108. Sato N, Yamaguchi K, Shimizu S, Morisaki T, Yokohata K,
Chijiiwa K, et al. Coil embolization of bleeding visceral


http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0345
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0345
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0350
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0350
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0350
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0350
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0355
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0355
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0355
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0360
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0360
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0360
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0365
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0365
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0365
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0365
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0370
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0370
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0370
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0370
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0370
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0375
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0375
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0375
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0380
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0380
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0380
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0385
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0385
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0385
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0385
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0390
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0390
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0390
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0395
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0395
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0395
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0395
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0395
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0400
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0400
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0400
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0400
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0405
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0405
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0405
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0405
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0410
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0410
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0410
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0415
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0415
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0415
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0415
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0420
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0420
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0420
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0425
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0425
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0425
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0425
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0430
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0430
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0430
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0430
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0435
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0435
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0435
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0435
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0435
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0440
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0440
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0440
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0440
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0445
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0445
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0445
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0450
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0450
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0450
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0450
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0450
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0455
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0455
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0460
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0460
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0460
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0465
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0465
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0470
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0470
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0470
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0475
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0475
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0475
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0480
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0480
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0485
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0485
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0485
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0490
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0490
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0490
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0490
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0495
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0495
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0495
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0500
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0500
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0500
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0500
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0505
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0505
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0505
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0505
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0505
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0510
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0510
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0510
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0510
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0510
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0515
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0515
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0515
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0515
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0515
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0520
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0520
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0520
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0520
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0525
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0525
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0525
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0530
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0530
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0530
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0530
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0535
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0535

314

CIR ESP. 2014;92(5):

305-315

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

pseudoaneurysms following pancreatectomy. The
importance of early angiography. Arch Surg.
1998;133:1099-102.

Yoon YS, Kim SW, Her KH, Park YC, Ahn Y]J, Jang JY, et al.
Management of postoperative hemorrhage after
pancreatoduodenectomy. Hepatogastroenterology.
2003;50:2208-12.

Lee JH, Hwang DW, Lee SY, Hwang JW, Song DK, Gwon DI,
et al. Clinical features and management

of pseudoaneurysmal bleeding after
pancreatoduodenectomy. Am Surg. 2012;78:309-17.

Reddy SK, Tyler DS, Pappas TN, Clary BM. Extended
resection for pancreatic adenocarcinoma. Oncologist.
2007;12:654-63.

Siriwardana HP, Siriwardana AK. Systematic review of out-
come of synchronous portal-superior mesenteric vein
resection during pancreatectomy for cancer. Br J Surg.
2006;93:662-73.

Harrison LE, Klimstra DS, Brennan MF. Isolated portal vein
involvement in pancreatic adenocarcinoma: a
contraindication for resection? Ann Surg. 1996;224:342-7.
Fuhrman GM, Leach SD, Staley CA, Cusack JC,
Charnsangavej C, Cleary KR, et al. Pancreatic Tumor Study
Group. Rationale for en bloc vein resection in the treatment
of pancreatic adenocarcinoma adherent to the superior
mesenteric-portal vein confluence. Ann Surg.
1996;223:154-62.

Rehders A, Stoecklein NH, Gliray A, Riediger R, Alexander
A, Knoefel WT. Vascular invasion in pancreatic cancer:
tumor biology or tumor topography? Surgery. 2012;152
Suppl. 1:5143-51.

Zhang Y, Frampton AE, Cohen P, Kyriakides C, Bong JJ,
Habib NA, et al. Tumor infiltration in the medial resection
margin predicts survival after pancreaticoduodenectomy
for pancreatic ductal adenocarcinoma. J Gastrointest Surg.
2012;16:1875-82.

Schmidt CM, Glant J, Winter JM, Kennard J, Dixon J, Zhao Q,
et al. Total pancreatectomy (RO resection) improves
survival over sub-total pancreatectomy in isolated neck
margin positive pancreatic adenocarcinoma. Surgery.
2007;142:578-80. discussion 572-578.

Hernandez J, Mullinax J, Clark W, Toomey P, Villadolid D,
Morton C, et al. Survival after pancreaticoduodenectomy is
not improved by extending resections to achieve negative
margins. Ann Surg. 2009;250:76-80.

Alexakis N, Halloran C, Raraty M, Ghaneh P, Sutton R,
Neoptolemos JP. Current standards of surgery for
pancreatic cancer. Br J Surg. 2004;91:1410-27.

Pancreatic Section of the British Society of
Gastroenterology, Pancreatic Society of Great Britain

and Ireland, Association of Upper Gastrointestinal
Surgeons of Great Britain and Ireland, Royal College of
Pathologists, Special Interest Group for Gastro-Intestinal
Radiology. Guidelines for the management of patients with
pancreatic cancer periampullary and ampullary
carcinomas. Gut. 2005;54 Suppl. V:v1-6.

Fatima J, Schnelldorfer T, Barton J, Wood CM, Wiste HJ,
Smyrk TC, et al. Pancreatoduodenectomy for ductal
adenocarcinoma: implications of positive margin on
survival. Arch Surg. 2010;145:167-72.

Chang DK, Johns AL, Merrett ND, Gill AJ, Colvin EK,
Scarlett CJ, et al. Margin clearance and outcome in resected
pancreatic cancer. J Clin Oncol. 2009;27:2855-62.

Winter JM, Cameron JL, Campbell KA, Arnold MA, Chang
DC, Coleman J, et al. 1423 pancreaticoduodenectomies

for pancreatic cancer: a single-institution experience.

J Gastrointest Surg. 2006;10:1191-210. discussion 1199-1210.
Schnelldorfer T, Ware AL, Sarr MG, Smyrk TC, ZhangL, QinR,
et al. Long-term survival after pancreatoduodenectomy

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

for pancreatic adenocarcinoma: is cure possible? Ann Surg.
2008;247:456-62.

Raut CP, Tseng JF, Sun CC, Wang H, Wolff RA, Crane CH,
et al. Impact of resection status on pattern of failure and
survival after pancreaticoduodenectomy for pancreatic
adenocarcinoma. Ann Surg. 2007;246:52-60.

Ferrone CR, Pieretti-Vanmarcke R, Bloom JP, Zheng H,
Szymonifka ], Wargo JA, et al. Pancreatic ductal
adenocarcinoma: long-term survival does not equal cure.
Surgery. 2012;152 Suppl. 1:543-9.

Warshaw AL, Fernandez-del Castillo C. Pancreatic
carcinoma. N Engl ] Med. 1992;326:455-65.

Han SS, Jang JY, Kim SW, Kim WH, Lee KU, Park YH.
Analysis of long-term survivors after surgical resection
for pancreatic cancer. Pancreas. 2006;32:71-5.

Cleary SP, Gryfe R, Guindi M, Greig P, Smith L, Mackenzie R,
et al. Prognostic factors in resected pancreatic
adenocarcinoma: analysis of actual 5-year survivors. ] Am
Coll Surg. 2004;198:722-31.

Adham M, Jaeck D, le Borgne J, Oussoultzouglou E,
Chenard-Neu MP, Mosnier JF, et al. Long-term survival
(5-20 years) after pancreatectomy for pancreatic ductal
adenocarcinoma: a series of 30 patients collected

from 3 institutions. Pancreas. 2008;37:352-7.

Katz MH, Wang H, FlemingJB, Sun CC, Hwang RF, Wolff RA,
et al. Long-term survival after multidisciplinary
management of resected pancreatic adenocarcinoma. Ann
Surg Oncol. 2009;16:836-47.

Hidalgo M. Pancreatic cancer. N Engl ] Med.
2010;29:1605-17.

Feldmann G, Beaty R, Hruban RH, Maitra A. Molecular
genetics of pancreatic intraepithelial neoplasia.

] Hepatobiliary Pancreat Surg. 2007;14:224.

Maitra A, Hruban RH. Pancreatic cancer. Annu Rev Pathol.
2008;3:157-88.

Chu GC, Kimmelman AC, Hezel AF, DePinho RA. Stromal
biology of pancreatic cancer. J Cell Biochem.
2007;101:887-907.

Mahadevan D, von Hoff DD. Tumor stroma interactions
in pancreatic ductal adenocarcinoma. Mol Cancer Ther.
2007;6:1186-897.

Masamune A, Shimosegawa T. Signal transduction in
pancreatic stellate cells. ] Gastroenterol. 2009;44:249-60.
Erkan M, Reiser-Erkan C, Michalski CW, Deucker S,
Sauliunaite D, Streit S, et al. Cancer-stellate cell
interactions perpetuate the hypoxia-fibrosis cycle

in pancreatic ductal adenocarcinoma. Neoplasia.
2009;11:497-508.

Mukherjee P, Basu GD, Tinder TL, Subramani DB, Bradley
JM, Arefayene M, et al. Progression of pancreatic
adenocarcinoma is significantly impeded with a
combination of vaccine and COX-2 inhibition. ] Immunol.
2009;182:216-24.

Infante JR, Matsubayashi H, Sato N, Tonascia J, Klein AP,
Riall TA, et al. Peritumoral fibroblast SPARC expression and
patient outcome with resectable pancreatic
adenocarcinoma. J Clin Oncol. 2007;25:319-25.

Olive KP, Jacobetz MA, Davidson CJ, Gopinathan A,
McIntyre D, Honess D, et al. Inhibition of Hedgehog
signaling enhances delivery of chemotherapy in a

mouse model of pancreatic cancer. Science.
2009;324:1457-61.

Li C, Heidt DG, Dalerba P, Burant CF, ZhangL, Adsay V, et al.
Identification of pancreatic cancer stem cells. Cancer Res.
2007;67:1030-7.

Hermann PC, Huber SL, Herrler T, Aicher A, Ellwart JW,
Guba M, et al. Distinct populations of cancer stem cells
determine tumor growth and metastatic activity in human
pancreatic cancer. Cell Stem Cell. 2007;1:313-23.


http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0535
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0535
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0535
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0540
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0540
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0540
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0540
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0545
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0545
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0545
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0545
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0550
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0550
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0550
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0555
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0555
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0555
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0555
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0560
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0560
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0560
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0565
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0565
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0565
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0565
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0565
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0565
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0570
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0570
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0570
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0570
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0575
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0575
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0575
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0575
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0575
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0580
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0580
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0580
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0580
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0580
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0585
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0585
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0585
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0585
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0590
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0590
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0590
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0595
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0595
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0595
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0595
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0595
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0595
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0595
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0595
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0600
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0600
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0600
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0600
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0605
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0605
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0605
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0610
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0610
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0610
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0610
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0615
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0615
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0615
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0615
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0620
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0620
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0620
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0620
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0625
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0625
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0625
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0625
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0630
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0630
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0635
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0635
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0635
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0640
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0640
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0640
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0640
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0645
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0645
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0645
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0645
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0645
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0650
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0650
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0650
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0650
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0655
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0655
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0660
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0660
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0660
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0665
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0665
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0670
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0670
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0670
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0675
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0675
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0675
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0680
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0680
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0685
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0685
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0685
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0685
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0685
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0690
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0690
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0690
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0690
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0690
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0695
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0695
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0695
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0695
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0700
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0700
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0700
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0700
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0700
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0705
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0705
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0705
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0710
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0710
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0710
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0710

CIR ESP. 2014;92(5):305-315

315

144. Jimeno A, Feldmann G, Suarez-Gauthier A, Rasheed Z,

145.

146.

147.

148.

149.

150.

Solomon A, Zou GM, et al. A direct pancreatic cancer
xenograft model as a platform for cancer stem cell
therapeutic development. Mol Cancer Ther. 2009;8:310-4.
Burris 3rd HA, Moore MJ, Andersen J, Green MR, Rothenberg
ML, Modiano MR, et al. Improvements in survival and
clinical benefit with gemcitabine as first-line therapy for
patients with advanced pancreas cancer: a randomized
trial. J Clin Oncol. 1997;15:2403-13.

Sultana A, Smith CT, Cunningham D, Starling N,
Neoptolemos JP, Ghaneh P. Meta-analyses of
chemotherapy for locally advanced and metastatic
pancreatic cancer. J Clin Oncol. 2007;25:2607.

Heinemann V, Boeck S, Hinke A, Labianca R, Louvet C.
Meta-analysis of randomized trials: evaluation of benefit
from gemcitabine-based combination chemotherapy
applied in advanced pancreatic cancer. BMC Cancer.
2008;8:82.

Moore MJ, Goldstein D, Hamm ], Figer A, HechtJR, Gallinger S,
et al. National Cancer Institute of Canada Clinical Trials
Group. Erlotinib plus gemcitabine compared with
gemcitabine alone in patients with advanced pancreatic
cancer: a phase m trial of the National Cancer Institute of
Canada Clinical Trials Xroup. J Clin Oncol. 2007;25:1960-6.
Hewish M, Chau I, Cunningham D. Insulin-like growth
factor 1 receptor targeted therapeutics: novel compounds
and novel treatment strategies for cancer medicine. Recent
Pat Anticancer Drug Discov. 2009;4:54-72.

Derosier LC, Vickers SM, Zinn KR, Huang Z, Wang W,
Grizzle WE, et al. TRA-8 anti-DRS5 monoclonal antibody and
gemcitabine induce apoptosis and inhibit radiologically
validated orthotopic pancreatic tumor growth. Mol Cancer
Ther. 2007;6:3198-207.

151.

152.

153.

154.

155.

156.

157.

158.

Chung EJ, Brown AP, Asano H, Mandler M, Burgan WE,
Carter D, et al. In vitro and in vivo radiosensitization with
AZD6244 (ARRY-142886), an inhibitor of mitogen-activated
protein kinase/extracellular signal-regulated kinase 1/2
kinase. Clin Cancer Res. 2009;15:3050-7.

Haklai R, Elad-Sfadia G, Egozi Y, Kloog Y. Orally
administered FTS (salirasib) inhibits human pancreatic
tumor growth in nude mice. Cancer Chemother Pharmacol.
2008;61:89-96.

Wente MN, Jain A, Kono E, Berberat PO, Giese T, Reber HA,
et al. Prostate stem cell antigen is a putative target

for immunotherapy in pancreatic cancer. Pancreas.
2005;31:119-25.

Hassan R, Ebel W, Routhier EL, Patel R, Kline JB, Zhang J,
et al. Preclinical evaluation of MORADb-009, a chimeric
antibody targeting tumor-associated mesothelin. Cancer
Immun. 2007;7:20.

Murugesan SR, King CR, Osborn R, Fairweather WR,
O'Reilly EM, Thornton MO, et al. Combination of human
tumor necrosis factor-alpha (hTNF-alpha) gene delivery
with gemcitabine is effective in models of pancreatic
cancer. Cancer Gene Ther. 2009;16:841-7.

Alvarez R, Musteanu M, Garcia-Garcia E, Lopez-Casas P,
Megias D, Guerra C, et al. Stromal disrupting effects of nab-
paclitaxel in pancreatic cancer. Br ] Cancer. 2013;10:1038.
Rubio-Viqueira B, Hidalgo M. Direct in vivo xenograft
tumor model for predicting chemotherapeutic drug
response in cancer patients. Clin Pharmacol Ther.
2009;85:217-21.

Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, Angenendt
P, et al. Core signaling pathways in human pancreatic
cancers revealed by global genomic analyses. Science.
2008;321:1801-6.


http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0715
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0715
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0715
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0715
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0720
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0720
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0720
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0720
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0720
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0725
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0725
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0725
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0725
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0730
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0730
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0730
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0730
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0730
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0735
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0735
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0735
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0735
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0735
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0735
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0740
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0740
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0740
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0740
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0745
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0745
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0745
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0745
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0745
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0750
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0750
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0750
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0750
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0750
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0755
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0755
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0755
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0755
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0760
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0760
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0760
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0760
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0765
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0765
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0765
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0765
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0770
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0770
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0770
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0770
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0770
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0775
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0775
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0775
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0780
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0780
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0780
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0780
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0785
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0785
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0785
http://refhub.elsevier.com/S2173-5077(14)00259-2/sbref0785

	Is Arterial Infiltration Still a Criterion for Unresectability in Pancreatic Adenocarcinoma?
	Introduction
	Diagnosis
	Surgical Management of Vascular Involvement
	Superior Mesenteric Artery
	Coeliac Trunk
	Right Hepatic Artery
	Preoperative Vascular Embolisation
	Minimally Invasive Surgery

	Justification for Performing Arterial Resections in™patients With Pancreatic Cancer
	Technical Justification
	Oncological Justification
	Significance of Arterial Involvement
	Importance of Free Margins
	Lack of Knowledge of the Evolution of the Tumour
	Current Status of Neoadjuvant and Adjuvant Treatments


	Conclusions
	Conflict of Interests
	Acknowledgements
	References


